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Tinsley R. Harrison

The 16th Edition of Harrison’s Principles of Internal Medicine is
dedicated to Tinsley R. Harrison, the founding editor and Editor-in-
Chief for the first five editions.

From time to time a personality scintillates across the medical firma-
ment who dazzles all beholders. Tinsley Harrison was such a person.
A delightful, vivacious, passionate physician, he stimulated everyone
with whom he came into contact, and he placed an indelible stamp on
the medical events of his day.

Tinsley Randolph Harrison was born in Talladega, Alabama, on
March 18, 1900. His father, Groce Harrison, was a sixth-generation
physician, a student of William Osler who inculcated Osler’s values
into his son from an early age. Tinsley earned his undergraduate degree
from the University of Michigan and his M.D. from Johns Hopkins
School of Medicine. After a medical residency at the Peter Bent
Brigham Hospital in Boston, where he developed his life-long interest
in cardiovascular science and medicine, and additional training at Hop-
kins, Dr. Harrison served as chief medical resident and then joined the
faculty of Vanderbilt University School of Medicine. His Chief of
Medicine there, Canby Robinson, described him as “a human dynamo
with unbounded energy.” After a brief period of private practice, which
Harrison later described as “perhaps the greatest educational experi-
ence of my entire life,” he served successively as chair of medicine at
Bowman-Gray School of Medicine, Winston-Salem, North Carolina;
the Southwestern Medical School in Dallas, Texas; and the University
of Alabama, Birmingham. He played a key role in organizing the Bow-
man-Gray and Southwestern medical schools. He also served as Dean
of Southwestern and the University of Alabama and as Chief of Car-
diology at the latter. Dr. Harrison died in Birmingham, on August 4,
1978.

For decades he was an active experimentalist, and his important
contributions to the understanding of the pathophysiology of heart
failure were all the more remarkable because they were obtained before
the availability of measurements of intracardiac pressures, cardiac out-
put, and regional blood flow. Harrison’s research involved both basic
studies in cardiovascular physiology as well as clinical research and
were summarized in a classic text Failure of the Circulation. He was

a founding member of the Council of the National Heart Institute and
served as president of the American Society for Clinical Investigation
and of the American Heart Association. Tinsley Harrison received the
Gold Heart Award from the latter, the Kober Medal of the Association
of American Physicians, and the Distinguished Teacher Award of the
American College of Physicians. Few people of his generation sur-
passed him as a bedside teacher.

In 1945, stimulated by the publisher Blakiston, Harrison conceived
of a new type of textbook of internal medicine, in which both of his
interests—clinical medicine and the pathophysiologic mechanisms of
disease—would be as closely interwoven as they were in his mind.
He immediately recruited an editorial team; Harrison authored or co-
authored almost the entire cardiovascular section. By 1950, the first
edition of Principles of Internal Medicine was published.

Although Harrison was a distinguished investigator, teacher, aca-
demic leader, and editor, he was first and foremost a masterful phy-
sician who excelled in the care of the sick. The individual patient was
always in the center of the stage. To put the disease first, to refer to
the patient as “a case,” would arouse Harrison’s wrath. The words that
he penned for the first edition of this book reflect the importance he
attached to his role as a physician.

No greater opportunity or obligation can fall the lot of a human
being than to be a physician. In the care of the suffering he
needs technical skill, scientific knowledge, and human under-
standing. He who uses these with courage, humility, and wis-
dom will provide a unique service for his fellow man and will
build an enduring edifice of character within himself. The phy-
sician should ask of his destiny no more than this, and he should
be content with no less.

These words express the philosophy of the original editors and of
all those who have followed.

It is to the memory of this great physician, teacher, investigator,
and editor, whose life and works have so inspired us, that this sixteenth
edition of Harrison’s Principles of Internal Medicine is dedicated.

THE EDITORS



NOTICE

Medicine is an ever-changing science. As new research and clinical experience broaden our
knowledge, changes in treatment and drug therapy are required. The editors and the publisher
of this work have checked with sources believed to be reliable in their efforts to provide
information that is complete and generally in accord with the standards accepted at the time
of publication. However, in view of the possibility of human error or changes in medical
sciences, neither the editor nor the publisher nor any other party who has been involved in
the preparation or publication of this work warrants that the information contained herein is
in every respect accurate or complete, and they are not responsible for any errors or omissions
or the results obtained from the use of such information. Readers are encouraged to confirm
the information contained herein with other sources. For example and in particular, readers
are advised to check the product information sheet included in the package of each drug they
plan to administer to be certain that the information contained in this book is accurate and
that changes have not been made in the recommended dose or in the contraindications for
administration. This recommendation is particularly important in connection with new or
infrequently used drugs.
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PREFACE

The first edition of Harrison’s Principles of Internal Medicine was
published more than half a century ago. Over the decades, this text-
book has evolved to reflect the continuing advances in the field of
internal medicine and to meet the growing information base required
of medical students and clinical practitioners. The users of this six-
teenth edition of Harrison’s will not even have to open the volume to
see that it marks a transition point in the book’s history. The new cover
is only the most obvious indication of a new direction for Harrison’s.

In shaping and revising this new version, the Editors have com-
mitted themselves to making the textbook as useful as possible to
students and practitioners coping with the demands of modern medi-
cine. The growth of evidence-based medicine, the prominence of man-
aged care, and the explosion of information in fundamental areas such
as the genetics of disease are only three of the many factors that make
these demands different from those faced by physicians only a decade
ago. Just as the cover retains key elements of the classic book, the
content of the sixteenth edition retains the essential facts that remain
clinically useful and important. However, through modifications in
both its format and its content, the new Harrison’s addresses the
changing needs of its readers.

The sixteenth edition of Harrison’s has a full-color format that
facilitates quick reference and allows the inclusion of hundreds more
high-quality illustrations than in previous editions. We expect that the
reader’s convenience will be well served by the placement of color
illustrations within the chapters rather than in the separate color atlas
used in earlier editions. While providing the basic-science information
that is critical to an understanding of biology and pathophysiology,
this edition focuses more directly and extensively than ever on crucial
aspects of clinical practice. Areas of emphasis include the approach to
the patient, differential diagnosis, state-of-the-art treatment options,
and disease prevention. Key topics, such as the immune system and
HIV infection/AIDS, are covered in chapters amounting to “mini-text-
books.” New sections offer information on the formidable challenges
posed by critical care medicine and by the threat of bioterrorism. New
chapters provide coverage of highly relevant clinical topics such as
disease screening, perimenopausal management and hormone replace-
ment therapy, and end-of-life care. Virtually every chapter in this edi-
tion has been substantially rewritten, and 46 chapters either are entirely
new or have new authors.

These are only highlights of the changes that the Editors hope will
make the new Harrison’s a helpful tool—not only for the student who
needs an expert source of basic knowledge in internal medicine, but
also for the pressured practitioner who needs a clear, concise, and
balanced distillation of the best information on which to base daily
clinical decisions.

Part One, “Introduction to Clinical Medicine,” contains a new
chapter that provides practical information about the screening ap-
proaches that every internist should consider for routine health main-
tenance. This chapter discusses the principles and guidelines used in
screening for common conditions such as cancer, hypertension, lipid
disorders, and osteoporosis. Another new chapter offers a pragmatic
approach to the medical evaluation of patients who are about to un-
dergo surgical procedures. In light of the growth of the hospice move-
ment and the increased awareness of the sensitive issues—physical,
mental, social, and existential—that surround end-of-life care, a new
chapter on this complex topic provides insights, information, and guid-
ance to practitioners dealing with dying patients and their families.
The chapter on women’s health has been entirely revised and offers a
broad overview of the approach to disorders that affect women dis-
proportionately.

Part Two, “Cardinal Manifestations and Presentation of Diseases,”

serves as a comprehensive introduction to clinical medicine as well as
a practical guide to the care of patients with these manifestations. Each
section focuses on a particular group of disorders, examining the con-
cepts of pathophysiology and differential diagnosis that must be con-
sidered in caring for patients with these common clinical presentations.
Major symptoms are reviewed and correlated with specific disease
states, and clinical approaches to patients presenting with these symp-
toms are summarized. Every chapter has been updated, and three chap-
ters have new authors. The chapter on sexual dysfunction now ad-
dresses disorders in both men and women.

Given the rapid advances in human genetics over the past several
years, Part Three, “Genetics and Disease,” has once again been com-
pletely updated. The material included in this edition is strongly geared
toward clinical practice, in which genetic information increasingly
comes into play. The new chapter on stem cell and gene transfer in
clinical medicine addresses a timely and controversial topic, defining
different types of stem cells and discussing their potential clinical ap-
plications.

Part Four, “Nutrition,” covers nutritional considerations related to
clinical medicine. Areas of focus include nutritional and dietary as-
sessment, nutritional requirements, protein-energy malnutrition, eating
disorders, obesity, and enteral and parenteral nutrition therapy.

The core of Harrison’s continues to encompass the disorders of
the organ systems and is contained in Parts Five through Sixteen.
These sections include succinct accounts of the pathophysiology of
diseases involving the major organ systems as well as infectious dis-
eases, with an emphasis on clinical manifestations, diagnostic proce-
dures, differential diagnosis, and treatment strategies and guidelines.

Part Five, “Oncology and Hematology,” includes four chapters by
new authors. An increasing proportion of patients who develop cancer
are being cured. It is important to detect late consequences as early as
possible in their natural history to optimize outcome. The chapter on
the late consequences of cancer and its treatment helps physicians
following such patients to know what to look for in addition to a
recurrence of the cancer. Advances in the management of many can-
cers are highlighted—for example, the dramatic impact of imatinib
mesylate (Gleevec) on chronic myeloid leukemia and gastrointestinal
stromal cell tumors and the role of rituximab in the management of
lymphoma and autoimmune diseases. The chapter delineating the prin-
ciples of radiation therapy has been entirely rewritten by Eli Glatstein
and is a companion piece to this author’s chapter on radiation bioter-
rorism in Part Seven (see below). The hematology section features the
World Health Organization’s new classification of lymphoid and my-
eloid neoplasms. One of the most rapidly expanding areas of medicine
is the development of novel agents to interfere with blood coagulation.
With a new author who is an expert in this field, the chapter on anti-
coagulant, fibrinolytic, and antiplatelet therapy reviews all these new
products and their indications.

Part Six, “Infectious Diseases,” summarizes the latest information
on pathology, genetics, and epidemiology while focusing sharply on
the needs of clinicians who must accurately diagnose and treat infec-
tions under time pressure and cost constraints. In particular, the inclu-
sion of dozens more illustrations in full color provides easily acces-
sible information to assist clinicians with these challenges. Specific
recommendations are provided for therapeutic regimens, including the
drug of choice, dose, duration, and alternatives. Current trends in an-
timicrobial resistance are presented and considered in light of their
impact on therapeutic choices. A new chapter offers key information
on the management of the complex clinical issues raised by Clostrid-
ium difficile—associated disease, including pseudomembranous colitis.
New authors cover the latest advances in the management of diseases
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caused by staphylococci and nontuberculous mycobacteria, viral gas-
troenteritis, and brucellosis. The superb chapter by Raphael Dolin on
common viral respiratory infections has been expanded to include
thorough coverage of severe acute respiratory syndrome (SARS). Now
placed in a separate section with the overview of the human retrovi-
ruses, the chapter on HIV infection and AIDS by Anthony S. Fauci
and H. Clifford Lane has been completely revised and updated, with
an emphasis on therapeutic strategies. This chapter is widely consid-
ered to be a classic in the field; its clinically pragmatic focus in com-
bination with its comprehensive and analytical approach to the patho-
genesis of HIV disease has allowed its use as the sole complete
reference on HIV/AIDS in medical schools.

In recent years, physicians have found themselves on the front line
of response to bioterrorist attacks around the world. Since the attacks
on the United States on September 11, 2001, and the subsequent an-
thrax attacks, the nation has been preparing for the further attacks that
will inevitably come. Part Seven, “Bioterrorism and Clinical Medi-
cine,” consists of entirely new material written by authorities in three
areas of bioterrorism: microbial, chemical, and radiation. Edited by
Harrison’s editor Anthony S. Fauci, these chapters are written suc-
cinctly and include easily readable charts, tables, and algorithms; their
goal is to confer an understanding of the pathogenesis, diagnosis, treat-
ment, and prognosis of the diseases in question.

Part Eight, “Disorders of the Cardiovascular System,” is once again
edited by the preeminent expert in the field, Eugene Braunwald. A
new chapter covers the clinically important topics of unstable angina
and non-ST-segment elevation myocardial infarction; three other chap-
ters have new authors; and every chapter has been revised to reflect
the latest trends and strategies for management. These include primary
percutaneous coronary intervention for ST-segment elevation myo-
cardial infarction as well as new drugs and devices for the treatment
of heart failure.

Enormous strides have been made in the use of lung transplantation
for selected patients with end-stage, irreversible, pulmonary parenchy-
mal and vascular disease. Part Nine, “Disorders of the Respiratory
System,” includes a chapter by a new author that focuses on the se-
lection of patients for this intervention. New authors have also taken
on the broad topic of pneumonia and lung abscess, providing focus
and a clinical perspective to help the reader grasp the central issues
involved in the diagnosis and management of both community-ac-
quired and nosocomial disease.

With advances in health care delivery and pressures aimed at cost
containment, critical care units account for a growing percentage of
hospital beds. Part Ten, “Critical Care Medicine,” is a new section of
Harrison’s that is devoted to the provision of optimal care in this
medical setting of growing importance. Incorporating both new chap-
ters and refocused chapters on topics covered in previous editions, this
part deals with three main areas: respiratory critical care, shock and
cardiac arrest, and neurologic critical care. The approach to the patient
and the central tenets underlying critical care are at the heart of this
part of the sixteenth edition.

Part Eleven, “Disorders of the Kidney and Urinary Tract,” includes
contributions from several new authors and, as in previous editions,
provides a thorough overview of the urinary-tract disorders encoun-
tered in internal medicine.

Part Twelve, “Disorders of the Gastrointestinal System,” includes
a new chapter on familial Mediterranean fever. The chapter on the
approach to the patient with gastrointestinal disease has been com-
pletely reworked by a new author, as has the chapter on diverticular
and vascular disease of the bowel. The chapters on the various cate-
gories of viral hepatitis have been extensively revised and updated to
reflect breakthrough advances in treatment.

The first chapter in Part Thirteen, “Disorders of the Immune Sys-
tem, Connective Tissue, and Joints,” provides an introduction to the
immune system that has become a classic in its field and is often used
as the textbook of immunology in postgraduate and medical school

courses. This chapter combines an in-depth description and analysis
of the principles of basic immunology with an easy flow into the ap-
plication of these principles to clinical disease states. Its description
of the relationship of innate to adaptive immunity is a model for un-
derstanding the intricacies of the human immune system. Once again,
the authors have extensively revised this chapter to bring it up to date
with regard to recent rapid advances in both basic and clinical im-
munology. In the section on disorders of immune-mediated injury, the
spondyloarthropathies have been grouped together in one chapter that
clearly and comprehensively discusses the similarities and dissimilar-
ities among the various diseases in this category. The breakthrough
advances in immunomodulatory therapy that have been realized in
rheumatology over the past few years are captured in the spondylo-
arthropathy chapters and in the extensively revised chapters on rheu-
matoid arthritis and systemic lupus erythematosus. A new chapter
covers fibromyalgia, arthritis associated with systemic disease, and
other arthritides.

Part Fourteen, “Endocrinology and Metabolism,” includes six
chapters with new authors as well as a timely new chapter on the
perimenopause transition and hormone replacement therapy. The writ-
ing of the latter chapter coincided with publication of results from the
Women’s Health Initiative that unexpectedly showed an increased risk
of cardiovascular disease among women who received estrogen treat-
ment. The author reviews the literature in this area and provides prac-
tical algorithms for the management of patients during this transition.
The new authors of the chapter on disorders of sexual differentiation
highlight novel insights derived from elucidation of the genetic basis
of sex determination. The outstanding new review of bone and mineral
metabolism lays a superb foundation for an understanding of the path-
ophysiology and treatment of various metabolic bone diseases. The
newly authored version of the chapter on disorders of lipoprotein me-
tabolism offers a much sharper focus on the classification, diagnosis,
and treatment of disorders of cholesterol and triglyceride metabolism,
emphasizing the use of statins for the reduction of cardiovascular risk.
The new chapter on Wilson disease reports on the substantially mod-
ified treatment recommendations for this entity.

Part Fifteen, “Neurologic Disorders,” has been extensively up-
dated. A comprehensive new chapter on Alzheimer’s disease and re-
lated dementias summarizes the recent explosion of knowledge on this
topic, highlighting the new understanding of the genetics of these de-
mentias and the molecules that trigger them as well as providing a
clinical guide to diagnosis, differential diagnosis, and the latest treat-
ments. The new chapter on Parkinson’s disease reviews the recent
genetic findings and provides an authoritative approach to therapy,
including surgical options. The chapter on cerebrovascular diseases
has been extensively rewritten, offering an evidence-based approach
to the treatment and prevention of stroke, the third leading killer in
the Western world. The updated chapter on multiple sclerosis presents
the most recent advances in therapy and a practical approach to man-
agement of different stages of the disease. Finally, the recognition of
bovine spongiform encephalopathy in many regions of the world has
focused the global health care community on the biology and clinical
manifestations of prion diseases; the sixteenth edition of Harrison’s
includes a comprehensive review of this subject by Nobel Laureate
Stanley Prusiner.

Part Sixteen, “Poisoning, Drug Overdose, and Envenomation,” has
been thoroughly revised and streamlined to focus on the topics most
relevant to internal medicine.

In view of the requirements for continuing education for licensure
and relicensure as well as the emphasis on certification and recertifi-
cation, a revision of the PreTest Self-Assessment and Review will
again be published with this edition. This volume is in the capable
hands of a new author, Dr. Charles Wiener from Johns Hopkins. It
consists of several hundred questions based on the sixteenth edition
of Harrison’s, along with answers and explanations for the answers.
The Companion Handbook, which was pioneered as a supplement to
the eleventh edition of Harrison’s, has been reworked as a concise
quick-reference clinical manual; the Manual of Medicine will appear



shortly after the publication of this edition, along with a PDA version,
Harrison’s OnHand. In 1998, Harrison’s went online to provide a
“living” textbook of internal medicine. In addition to permitting full
search capabilities of the text, Harrison’'s Online offers frequent up-
dates, reports of clinical trials, practice guidelines, online lectures, and
concise reviews of timely topics as well as additional and updated
references (with links to MEDLINE abstracts) and illustrations.

We wish to express our appreciation to our many associates and
colleagues, who, as experts in their fields, have offered us constructive
criticism and helpful suggestions. We acknowledge especially the con-
tributions of the following individuals: Joseph Alpert, Michael Bray,
Mark D. Carlson, Daniel H. Lowenstein, Lawrence C. Madoff,
Thomas R. Martin, Chung Owyang, Alice Pau, and Mary Wright.

We thank in particular Kenneth and Elaine Kaye and Lindsey Ba-
den, who gathered many high-quality illustrations of infectious disease
manifestations. We also express our gratitude to Eileen J. Scott, who
has applied her editorial expertise to the past six editions of Harri-
son’s, and Marsha Cohen, who has been the text and cover designer
for the past five editions.

This book could not have been edited without the dedicated help
of our co-workers in the editorial offices of the individual editors. We
are especially indebted to Patricia L. Duffey, Gregory K. Folkers,
Sarah Matero, Julie B. McCoy, Jaylyn Olivo, Elizabeth Robbins, Les-
lie Runnels, Kathryn Saxon, Marie Scurti, and Sue Anne Tae.

Finally, we continue to be highly indebted to three outstanding
members of the McGraw-Hill organization: Mariapaz Ramos Englis,
Senior Managing Editor; Robert Laffler, Production Director; and
Martin J. Wonsiewicz, Publisher. They are an effective team who have
given the Editors constant encouragement and sage advice. They have
been instrumental in guiding the many changes instituted with this
edition of Harrison’s and in bringing this volume to fruition in a timely
manner.

THE EDITORS



PART I INTRODUCTION T0 CLINICAL MEDICINE

I THE PRACTICE OF MEDICINE
The Editors

WHAT 1S EXPECTED OF THE PHYSICIAN The accelerating pace of change in
medicine stems from an explosion of scientific information and the
need to blend this information into the art and practice of medicine.
The role of science in medicine is clear. Science-based technology
and deductive reasoning form the foundation for the solution to many
clinical problems. Spectacular advances in genetics, biochemistry, and
imaging techniques allow access to the innermost parts of the cell and
the most remote recesses of the body. Revelations about the nature of
genes and single cells have opened the portal for formulating a new
molecular basis for the physiology of systems. These physiologic in-
sights will undoubtedly result in a better understanding of complex
disease processes and new approaches to disease treatment and pre-
vention. Highly advanced therapeutic maneuvers are increasingly a
major part of medical practice. Yet skill in the most sophisticated
application of laboratory technology and in the use of the latest ther-
apeutic modality alone does not make a good physician.
The editors of the first edition of this book articulated well the
responsibility of the physician in interacting with the patient:
No greater opportunity, responsibility, or obligation can fall to the
lot of a human being than to become a physician. In the care of
the suffering, [the physician] needs technical skill, scientific knowl-
edge, and human understanding. . . . Tact, sympathy, and un-
derstanding are expected of the physician, for the patient is no mere
collection of symptoms, signs, disordered functions, damaged or-
gans, and disturbed emotions. [The patient] is human, fearful, and
hopeful, seeking relief, help, and reassurance.
When a patient poses challenging clinical problems, an effective phy-
sician must be able to identify the crucial elements in a complex his-
tory and physical examination and to extract the key laboratory results
from the crowded computer printouts of data in order to determine
whether to “treat” or to “watch.” Deciding whether a clinical clue is
worth pursuing or should be dismissed as a “red herring” and weighing
whether a proposed treatment entails a greater risk than the disease
itself are essential judgments that the skilled clinician must make many
times each day. This combination of medical knowledge, intuition,
experience, and judgment defines the art of medicine, which is as
necessary to the practice of medicine as is a sound scientific base.

THE PATIENT-PHYSICIAN RELATIONSHIP: A HUMANE APPROACH IN THE FACE OF
CHANGE In this era of “techno-medicine,” physicians need to approach
patients not as “cases” or “diseases” but as individuals whose problems
all too often transcend their physical complaints. Most patients are
anxious and fearful. Physicians should instill confidence and should
be reassuring (as depicted humorously in Fig. 1-1) but should never
be arrogant. A professional attitude, coupled with warmth and open-
ness, can do much to alleviate anxiety and to encourage patients to
share all aspects of their medical history. Whatever the patient’s atti-
tude, the physician needs to consider the setting in which an illness
occurs—in terms not only of the patients themselves but also of their
familial, social, and cultural backgrounds. The ideal patient-physician
relationship is based on thorough knowledge of the patient, on mutual
trust, and on the ability to communicate.

Technological Complexity and Managed Care The one-to-one patient-phy-
sician relationship, which has traditionally characterized the practice
of medicine, is increasingly in jeopardy because of the growing com-
plexity of medicine and the changes in health care delivery systems.
Often the management of an individual patient is a team effort in-

volving a number of physicians and other professional personnel. In-
creasingly, hospitalists assume the responsibility for patient
management in the inpatient setting. The patient can benefit greatly
from effective collaboration among health care professionals, but it is
the duty of the patient’'s principal physician to provide guidance
through an illness. To carry out this difficult task, this physician must
be familiar with the techniques, skills, and objectives of specialist
physicians and of colleagues in the fields allied to medicine. In giving
the patient an opportunity to benefit from scientific advances, the pri-
mary physician must retain responsibility for the major decisions con-
cerning diagnosis and treatment.

The practice of medicine in a managed-care setting puts additional
stress on the patient-physician relationship. Whatever the potential ad-
vantages of organized medical groups such as health maintenance or-
ganizations (HMOs), there are also drawbacks, including the loss of
the clear identification of the physician who is primarily and contin-
uously responsible for the patient. Even under these circumstances, it
is essential for each patient to have a physician who has an overview
of the problems and who is familiar with the patient’s reaction to the
illness, the drugs the patient is given, and the challenges the patient
faces. Moreover, in managed-care settings, many physicians must treat
patients within a restricted time frame, with limited access to special-
ists, and under organizational guidelines that may compromise their
ability to exercise their individual clinical judgment. As difficult as
these restrictions may be, it is the ultimate responsibility of the phy-
sician, in close consultation with the patient, to determine what is best
for the patient. This responsibility cannot be relinquished in the name
of compliance with organizational guidelines.

The Modern Hospital Environment The physician must be aware that the
hospital is an intimidating environment for most individuals. Hospi-
talized patients find themselves surrounded by air jets, buttons, and
lights; invaded by tubes and wires; and beset by the numerous mem-
bers of the health care team—nurses, nurses’ aides, physicians’ assis-
tants, social workers, technologists, physical therapists, medical
students, house officers, attending and consulting physicians, and
many others. They may be transported to special laboratories and im-
aging facilities replete with blinking lights, strange sounds, and un-
familiar personnel; they may be obliged to share a room with other
patients who have their own health problems. It is little wonder that
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“Let the healing begin!”
FIGURE 1-1  Although physicians must be confident and reassuring, it may be pos-

sible to go too far. (The New Yorker Collection 2000, David Sipress, from cartoon-
bank.com. All Rights Reserved.)
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patients may lose their sense of reality. A strong personal relationship
with the physician helps to sustain the patient in such a stressful sit-
uation.

Societal Trends Many trends in contemporary society tend to make
medical care impersonal. These trends, some of which have been men-
tioned already, include (1) vigorous efforts to reduce the escalating
costs of health care; (2) the growing number of managed-care pro-
grams, which are intended to reduce costs but in which the patient may
have little choice in selecting a physician or in seeing that physician
consistently; (3) increasing reliance on technological advances and
computerization for many aspects of diagnosis and treatment; (4) in-
creased geographic mobility of both patients and physicians; (5) the
need for numerous physicians to be involved in the care of most pa-
tients who are seriously ill; and (6) an increasing tendency on the part
of patients to express their frustrations with the health care system
through malpractice suits.

Given these changes in the medical care system, it is a major chal-
lenge for physicians to maintain the humane aspects of medical care.
The American Board of Internal Medicine, working together with the
American College of Physicians—American Society of Internal Med-
icine and the European Federation of Internal Medicine, has published
a Charter on Medical Professionalism that underscores three main
principles in physicians’ contract with society: (1) the primacy of pa-
tient welfare, (2) patient autonomy, and (3) social justice. The human-
istic qualities of a physician must encompass integrity, respect, and
compassion. Availability, the expression of sincere concern, the will-
ingness to take the time to explain all aspects of the illness, and a
nonjudgmental attitude when dealing with patients whose cultures,
lifestyles, attitudes, and values differ from those of the physician are
just a few of the characteristics of the humane physician. Every phy-
sician will, at times, be challenged by patients who evoke strongly
negative or positive emotional responses. Physicians should be alert
to their own reactions to such patients and situations and should con-
sciously monitor and control their behavior so that the patient’s best
interest remains the principal motivation for their actions at all times.

An important aspect of patient care involves an appreciation of the
“quality of life,” a subjective assessment of what each patient values
most. Such an assessment requires detailed, sometimes intimate
knowledge of the patient, which can usually be obtained only through
deliberate, unhurried, and often repeated conversations. It is in these
situations that the time constraints of a managed-care setting may
prove particularly problematic. Time pressures will always threaten
these interactions but do not diminish the importance of understanding
patients’ priorities from their point of view.

The famous statement of Dr. Francis Peabody is even more relevant
today than when delivered more than three-quarters of a century ago:

The significance of the intimate personal relationship between phy-
sician and patient cannot be too strongly emphasized, for in an
extraordinarily large number of cases both the diagnosis and treat-
ment are directly dependent on it. One of the essential qualities of
the clinician is interest in humanity, for the secret of the care of
the patient is in caring for the patient.

CLINICAL SKILLS m History-Taking The written history of an illness
should embody all the facts of medical significance in the life of the
patient. Recent events should be given the most attention. The patient
should, at some early point, have the opportunity to tell his or her own
story of the illness without frequent interruption and, when appropri-
ate, receive expressions of interest, encouragement, and empathy from
the physician. Any event related by the patient, however trivial or
apparently remote, may be the key to the solution of the medical prob-
lem. In general, only patients who feel comfortable will provide the
physician with complete information.

An informative history is more than an orderly listing of symptoms;
something is always gained by listening to patients and noting the way
in which they describe their symptoms. Inflections of voice, facial

expression, gestures, and attitude may reveal important clues to the
meaning of the symptoms to the patient. Because patients vary in their
medical sophistication and ability to recall facts, the reported medical
history should be corroborated whenever possible. The family and
social history can also provide important insights into the types of
diseases that should be considered. In listening to the history, the phy-
sician discovers not only something about the disease but also some-
thing about the patient. The process of history-taking provides an
opportunity to observe the patient’s behavior and to watch for features
to be pursued more thoroughly during the physical examination.

The very act of eliciting the history provides the physician with the
opportunity to establish or enhance the unique bond that is the basis
for the ideal patient-physician relationship. It is helpful to develop an
appreciation of the patient’s perception of the illness, the patient’s
expectations of the physician and the medical care system, and the
financial and social implications of the illness to the patient. The con-
fidentiality of the patient-physician relationship should be emphasized,
and the patient should be given the opportunity to identify any aspects
of the history that should not be disclosed to others.

Physical Examination Physical signs are objective indications of disease
whose significance is enhanced when they confirm a functional or
structural change already suggested by the patient’s history. At times,
however, the physical signs may be the only evidence of disease.

The physical examination should be performed methodically and
thoroughly, with consideration for the patient’s comfort and modesty.
Although attention is often directed by the history to the diseased organ
or part of the body, the examination of a new patient must extend from
head to toe in an objective search for abnormalities. Unless the phys-
ical examination is systematic, important segments may be omitted.
The results of the examination, like the details of the history, should
be recorded at the time they are elicited, not hours later when they are
subject to the distortions of memory. Skill in physical diagnosis is
acquired with experience, but it is not merely technique that deter-
mines success in eliciting signs. The detection of a few scattered pe-
techiae, a faint diastolic murmur, or a small mass in the abdomen is
not a question of keener eyes and ears or more sensitive fingers but of
a mind alert to these findings. Since physical findings are subject to
changes, the physical examination should be repeated as frequently as
the clinical situation warrants.

Laboratory Tests and Imaging Studies The availability of a wide array of
laboratory tests has increased our reliance on these studies for the
solution of clinical problems. The accumulation of laboratory data
does not relieve the physician from the responsibility of careful ob-
servation, examination, and study of the patient. It is also essential to
bear in mind the limitations of such tests. By virtue of their impersonal
quality, complexity, and apparent precision, they often gain an aura of
authority regardless of the fallibility of the tests themselves, the in-
struments used in the tests, and the individuals performing or inter-
preting them. Physicians must weigh the expense involved in the
laboratory procedures they order relative to the value of the informa-
tion they are likely to provide.

Single laboratory tests are rarely ordered. Rather, physicians gen-
erally request “batteries” of multiple tests, which are often useful. For
example, abnormalities of hepatic function may provide the clue to
such nonspecific symptoms as generalized weakness and increased
fatigability, suggesting the diagnosis of chronic liver disease. Some-
times a single abnormality, such as an elevated serum calcium level,
points to particular diseases, such as hyperparathyroidism or under-
lying malignancy.

The thoughtful use of screening tests should not be confused with
indiscriminate laboratory testing. The use of screening tests is based
on the fact that a group of laboratory determinations can be carried
out conveniently on a single specimen at relatively low cost. Screening
tests are most useful when they are directed toward common diseases
or disorders and when their results indicate other useful tests or inter-
ventions that may be costly to perform. Biochemical measurements,
together with simple laboratory examinations such as blood count,



urinalysis, and sedimentation rate, often provide the major clue to the
presence of a pathologic process. At the same time, the physician must
learn to evaluate occasional abnormalities among the screening tests
that may not necessarily connote significant disease. An in-depth
workup following a report of an isolated laboratory abnormality in a
person who is otherwise well is almost invariably wasteful and unpro-
ductive. Among the more than 40 tests that are routinely performed,
one or two are often slightly abnormal. If there is no suspicion of an
underlying illness, these tests are ordinarily repeated to ensure that the
abnormality does not represent a laboratory error. If an abnormality is
confirmed, it is important to consider its potential significance in the
context of the patient’s condition and other test results.

The technical capability of imaging studies is one of the most rap-
idly advancing areas of medicine. These tests provide remarkably de-
tailed anatomical information that can be a pivotal factor in medical
decision-making. Ultrasonography, a variety of isotopic scans, com-
puted tomography, magnetic resonance imaging, and positron emis-
sion tomography have benefited patients by opening new diagnostic
vistas and by largely supplanting older, more invasive approaches. In
our effort to make diagnoses quickly, it is tempting to order a battery
of imaging studies. All physicians have had cases in which imaging
studies turned up findings leading to an unexpected diagnosis. None-
theless, patients must endure each of these tests, and the added cost
of unnecessary testing is substantial. A skilled physician must learn to
use these powerful diagnostic tools judiciously, always asking whether
the results will alter management and benefit the patient.

PRINCIPLES OF PATIENT CARE M Evidence-Based Medicine Sackett has de-
fined evidence-based medicine as “the conscientious, explicit and ju-
dicious use of current best evidence in making decisions about the care
of individual patients.” Rigorously obtained evidence is contrasted
with anecdotal experience, which is often biased. Even the most ex-
perienced physicians can be influenced by recent experiences with
selected patients, unless they are attuned to the importance of using
larger, more objective studies for making decisions. The prospectively
designed, double-blind, randomized clinical trial represents the “gold
standard” for providing evidence regarding therapeutic decisions.
—For a more complete discussion of evidence-based medicine, see
Chap. 2.

Practice Guidelines The intelligent and cost-effective practice of med-
icine consists of making diagnostic and therapeutic choices that are
most appropriate to a particular patient and clinical situation. Profes-
sional organizations and government agencies are developing formal
clinical-practice guidelines in an effort to aid physicians and other
caregivers in this endeavor. As the evidence base of medicine in-
creases, guidelines can provide a useful framework for managing pa-
tients with particular diagnoses or symptoms. They can protect
patients—particularly those with inadequate health care benefits—
from receiving substandard care. Guidelines can also protect consci-
entious caregivers from inappropriate charges of malpractice and so-
ciety from the excessive costs associated with the overuse of medical
resources. On the other hand, clinical guidelines tend to oversimplify
the complexities of medicine. Groups with differing perspectives may
develop divergent recommendations regarding issues as basic as the
need for periodic sigmoidoscopy in middle-aged persons. Further-
more, guidelines do not—and cannot be expected to—take into ac-
count the uniqueness of each individual and of his or her illness. The
challenge for the physician is to integrate into clinical practice the
useful recommendations offered by the experts who prepare clinical
practice guidelines without accepting them blindly or being inappro-
priately constrained by them.

Medical Decision-Making Medical decision-making occurs throughout
the diagnostic and treatment process. It involves the ordering of ad-
ditional tests, requests for consults, and decisions regarding prognosis
and treatment. This process requires an in-depth understanding of the
pathophysiology and natural history of disease. It is for this reason
that these topics are strongly emphasized in this textbook. As described
above, medical decision-making should be evidence-based so that pa-
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tients derive the full benefit of the scientific knowledge available to
physicians. Formulating a differential diagnosis requires not only a
broad knowledge base but also the ability to assess the relative prob-
abilities of various diseases and to understand the significance of miss-
ing diagnoses that may be less likely. Arriving at a diagnosis requires
the application of the scientific method. Hypotheses are formed, data
are collected, and objective conclusions are reached concerning
whether to accept or reject a particular diagnosis. Analysis of the dif-
ferential diagnosis is an iterative process. As new information or test
results are acquired, the group of disease processes being considered
can be contracted or expanded appropriately.

Despite the importance of evidence-based medicine, much of med-
ical decision-making relies on judgment—a process that is difficult to
quantify or even to assess qualitatively. Especially when a relevant
evidence base is unavailable, physicians must use their knowledge and
experience as a basis for weighing known factors along with the in-
evitable uncertainties and then making a sound judgment. Several
quantitative tools may be invaluable in synthesizing the available in-
formation, including diagnostic tests, Bayes’ theorem, and multivariate
statistical models. Diagnostic tests serve to reduce uncertainty about
a diagnosis or prognosis in a particular individual and to help the
physician decide how best to manage that individual’s condition. Not
only laboratory tests and procedures but also the history and the phys-
ical examination can be considered part of the battery of diagnostic
tests. The accuracy of a given test is ascertained by determining its
sensitivity (true positive rate) and specificity (true negative rate) as
well as the predictive value of a positive and negative result. Bayes’
theorem uses information on a test’s sensitivity and specificity, in con-
junction with the pretest probability of a diagnosis, to determine math-
ematically the posttest probability of the diagnosis. More complex
clinical problems can be approached with multivariate statistical mod-
els, which generate highly accurate information even when multiple
factors are acting individually or together to affect disease risk, pro-
gression, or response to treatment. Studies comparing the performance
of statistical models with that of expert clinicians have documented
equivalent accuracy, although the models tend to be more consistent.
Thus multivariate statistical models may be particularly helpful to less
experienced clinicians.

Information technology is playing an ever-increasing role in med-
icine. Laboratory data are accessed almost universally through com-
puters. Many medical centers now have electronic medical records,
computerized order entry, and bar-coded tracking of medications.
Some of these systems are interactive and provide reminders or warn
of potential medical errors. Nonetheless, at this point, clinical deci-
sions are still best made by the physician. Many decisions are not
easily compacted into practice guidelines or computerized approaches.
Clinical knowledge and an understanding of the patient’s needs, sup-
plemented by quantitative tools, still seem to represent the best ap-
proach to practicing medicine.

Assessing the Outcome of Treatment Clinicians generally use objective
and readily measurable parameters to judge the outcome of a thera-
peutic intervention. For example, findings on physical or laboratory
examination—such as the level of blood pressure, the patency of a
coronary artery on an angiogram, or the size of a mass on a radiologic
examination—ocan provide information of critical importance. How-
ever, patients usually seek medical attention for subjective reasons;
they wish to obtain relief from pain, to preserve or regain function,
and to enjoy life. The components of a patient’s health status or quality
of life can include bodily comfort, capacity for physical activity, per-
sonal and professional function, sexual function, cognitive function,
and overall perception of health. Each of these important areas can be
assessed by means of structured interviews or specially designed ques-
tionnaires. Such assessments also provide useful parameters by which
the physician can judge the patient’s subjective view of his or her
disability and the response to treatment, particularly in chronic illness.
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The practice of medicine requires consideration and integration of both
objective and subjective outcomes.

Care of the Elderly Over the next several decades, the practice of med-
icine will be greatly influenced by the health care needs of the growing
elderly population. In the United States the population over age 65
will almost triple over the next 30 years. The physician must under-
stand and appreciate the decline in physiologic reserve associated with
aging; the different responses of the elderly to common diseases; and
disorders that occur commonly with aging, such as depression, de-
mentia, frailty, urinary incontinence, and fractures. —For a more com-
plete discussion of medical care for the elderly, see Chap. §.

Diseases in Women versus Men In the past, many epidemiologic studies
and clinical trials focused on men. More recently, studies have in-
cluded representative numbers of women, and some, like the Women’s
Health Initiative, have specifically addressed women’s health issues.
Significant sex differences exist in diseases that afflict both men and
women. Ongoing study should enhance our understanding of the
mechanisms of sex differences in the course and outcome of certain
diseases. =For a more complete discussion of women’s health, see
Chap. 5.

Medical Errors A report from the Institute of Medicine concluded that
“to err is human” but called for an ambitious agenda to reduce medical-
error rates and improve patient safety by designing and implementing
fundamental changes in health care systems. Adverse drug reactions
occur in at least 5% of hospitalized patients, and the incidence in-
creases with use of a large number of drugs. No matter what the clinical
situation, it is the responsibility of the physician to use powerful ther-
apeutic measures wisely, with due regard for their beneficial action,
potential dangers, and cost. It is also the responsibility of hospitals
and health care organizations to develop systems to reduce risk and
ensure patient safety. Medication errors can be reduced through the
use of ordering systems that eliminate misreading of handwriting and
through vigilance regarding dilution errors. Implementation of infec-
tion-control systems, enforcement of hand-washing protocols, and
careful oversight of antibiotic use can minimize complications of noso-
comial infections. The harm that a physician can do is not limited to
the imprudent use of medication or procedures. Equally important are
ill-considered or unjustified remarks. Many a patient has developed a
cardiac neurosis because the physician ventured a grave prognosis on
the basis of a misinterpreted finding of a heart murmur.

Informed Consent and Respect for the Patient's Autonomy The fundamental
principles of medical ethics are to act in the patient’s best interest and
to respect the patient’s autonomy. Most patients possess only limited
medical knowledge and must rely on their physicians for advice. Con-
fusion or even disagreement about approaches to disease management
may arise (see also “Medicine on the Internet,” below), and—in the
end—the patient’s informed choices must prevail. Physicians must
respect their patients’ autonomy, fully discussing the alternatives for
care and the risks, benefits, and likely consequences of each alterna-
tive.

When patients require diagnostic and therapeutic procedures that
are painful and that pose some risk, they are generally required to sign
a consent form. In such cases, it is particularly important for the patient
to understand clearly the risks entailed in these procedures; this is the
definition of informed consent. It is incumbent on the physician to
explain the procedures in a clear and understandable manner and to
ascertain that the patient comprehends both the nature of the procedure
and the attendant risks. The dread of the unknown that is inherent in
hospitalization can be mitigated by such explanations.

Incurable Disorders and Death No problem is more distressing than that
presented by the patient with an incurable disease, particularly when
premature death is inevitable. What should the patient and family be
told? What measures should be taken to maintain life? What can be
done to maintain the quality of life? How is death to be defined?

Although some would argue otherwise, there is no ironclad rule
that the patient must immediately be told “everything,” even if the
patient is an adult with substantial family responsibilities. How much
is told should depend on the individual’s ability to deal with the pos-
sibility of imminent death; often this capacity grows with time, and,
whenever possible, gradual rather than abrupt disclosure is the best
strategy. A wise and insightful physician is often guided by an under-
standing of what a patient wants to know and when he or she wants
to know it. The patient’s religious beliefs may also be taken into con-
sideration. The patient must be given an opportunity to talk with the
physician and ask questions. Patients may find it easier to share their
feelings about death with their physician, who is likely to be more
objective and less emotional, than with family members. As William
Osler wrote: “One thing is certain; it is not for you to don the black
cap and, assuming the judicial function, take hope away from any
patient.” Even when the patient directly inquires, “Am I dying?” the
physician must attempt to determine whether this is a request for in-
formation or a demand for reassurance. Only open communication
between the patient and the physician can resolve this question and
guide the physician in what to say and how to say it.

The physician should provide or arrange for emotional, physical,
and spiritual support and must be compassionate, unhurried, and open.
There is much to be gained by the laying on of hands. Pain should be
adequately controlled, human dignity maintained, and isolation from
the family avoided. These aspects of care tend to be overlooked in
hospitals, where the intrusion of life-sustaining apparatus can so easily
detract from attention to the whole person and encourage concentration
instead on the life-threatening disease, against which the battle will
ultimately be lost in any case. In the face of terminal illness, the goal
of medicine must shift from cure to care, in the broadest sense of the
term. In offering care to the dying patient, the physician must be pre-
pared to provide information to family members and to deal with their
guilt and grief. It is important for the doctor to assure the family that
everything possible has been done. = For a more complete discussion
of end-of-life care, see Chap. 9.

THE EXPANDING ROLE OF THE PHYSICIAN M Genetics and Medicine The ge-
nomic era is leading to a revolution in the practice of medicine. The
sequencing of the entire human genome has set researchers on the path
to elucidating the genetic components of common chronic diseases—
hypertension, diabetes, atherosclerosis, many cancers, autoimmune
disorders, dementias, and behavioral disorders. Forthcoming infor-
mation should make it possible to determine individual susceptibility
to these conditions early in life and to implement individualized pre-
vention programs. Subclassification of many diseases on a genetic ba-
sis may allow the selection of appropriate therapy for each patient. As
the response to drugs becomes more predictable, pharmacotherapy
should become more rational.

Patients will be best served if physicians play an active role in
applying this powerful, sensitive new information rather than being
passive bystanders who are intimidated by the new technology. This
is a rapidly evolving field, and physicians and other health care pro-
fessionals must continue to educate themselves so that they can apply
this new knowledge to the benefit of their patients’ health and well-
being. Genetic testing requires wise counsel based on an understanding
of the value and limitations of the tests as well as the implications of
their results for specific individuals. —=For a more complete discus-
sion of the use of genetic testing, see Chap. 58.

Medicine on the Internet The explosion in use of the Internet through
personal computers is having an important influence on health care.
The Internet makes a wide range of information available to physicians
and patients almost instantaneously at any time of the day or night and
from anywhere in the world. This medium holds enormous potential
for delivering up-to-date information, practice guidelines, state-of-the-
art conferences, journal contents, textbooks (including this text), and
direct communications with other physicians and specialists, thereby
expanding the depth and breadth of information available to the phy-
sician about the diagnosis and care of patients. Most medical journals



are now accessible online, providing rapid and comprehensive sources
of information.

Patients, too, are turning to the Internet in increasing numbers to
derive information about their illnesses and therapies and to join In-
ternet-based support groups. Physicians are increasingly challenged by
dealing with patients who arrive with sophisticated information about
their illness. It is difficult, however, for patients to put this sometimes-
alarming information into context, and the physician plays an invalu-
able role by encouraging patient education but helping the patient to
assimilate new information and apply it to a particular circumstance.

A critically important caveat is that virtually anything can be pub-
lished on the Internet, with easy circumvention of the peer-review
process that is an essential feature of quality publications. Physicians
or patients who search the Internet for medical information must be
aware of this danger. Notwithstanding this limitation, appropriate use
of the Internet is revolutionizing information access for physicians and
patients and is a positive force in the practice of medicine.

Delivering Cost-Effective Medical Care As the cost of medical care has
risen, it has become necessary to establish priorities in the expenditure
of resources. In some instances, preventive measures offer the greatest
return for the expenditure; outstanding examples include vaccination,
improved sanitation, reduction in accidents and occupational hazards,
and biochemical- and DNA-based screening of newborns. As one more
specific example, the detection of phenylketonuria by newborn screen-
ing may result in a net saving of many thousands of dollars.

As resources become increasingly constrained, society must weigh
the benefits of performing costly procedures that provide only a limited
increase in life expectancy against the pressing need for more primary
care for those persons who do not have adequate access to medical
services. For the individual patient, it is important to reduce costly
hospital admissions as much as possible if total health care is to be
affordable. This policy, of course, depends on close cooperation
among patients, their physicians, employers, payers, and government.
It is equally important for physicians to know the cost of the diagnostic
procedures they order and the drugs and other therapies they prescribe
and to monitor both costs and effectiveness. The medical profession
should provide leadership and guidance to the public in matters of cost
control, and physicians must take this responsibility seriously without
being or seeming to be self-serving. However, the economic aspects
of health care delivery must not interfere with the welfare of patients.
The patient must be able to rely on the individual physician as his or
her principal advocate in matters of health care.

Accountability As the public has become more educated and more so-
phisticated regarding health-related issues, expectations of the health
care system in general and of physicians in particular have risen. Phy-
sicians are expected to maintain mastery of rapidly advancing fields
(the science of medicine) while considering their patients’ unique
needs (the art of medicine). Thus, physicians are held accountable not
only for the technical aspects of the care that they provide but also for
their patients’ satisfaction with the delivery and costs of care.

In the United States, there are increasing demands for physicians
to account for the way in which they practice medicine by meeting
certain standards prescribed by federal and state governments. The
hospitalization of patients whose health care costs are reimbursed by
the government and other third parties is subjected to utilization re-
view. Thus the physician must defend the cause for and duration of a
patient’s hospitalization if it falls outside certain “average” standards.
Authorization for reimbursement is increasingly based on documen-
tation of the nature and complexity of an illness, as reflected by re-
corded elements of the history and physical examination. The purpose
of these regulations is both to improve standards of health care and to
contain spiraling health care costs. This type of review is being ex-
tended to all phases of medical practice and is profoundly altering the
practice of medicine. Physicians are also expected to give evidence of
their continuing competence through mandatory continuing education,
patient-record audits, recertification by examination, or relicensing.
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Continued Learning The conscientious physician must be a perpetual
student because the body of medical knowledge is constantly expand-
ing and being refined. The profession of medicine should be inherently
linked to a career-long thirst for new information that can be used for
the good of the patient. It is the responsibility of a physician to pursue
new knowledge continually by reading, attending conferences and
courses, and consulting colleagues and the Internet. This is often a
difficult task for a busy practitioner; however, such a commitment to
continued learning is an integral part of being a physician and must
be given the highest priority.

Research and Teaching  The title doctor is derived from the Latin docere,
“to teach,” and physicians should share information and medical
knowledge with colleagues, with students of medicine and related pro-
fessions, and with their patients (Fig. 1-2). The practice of medicine
is dependent on the sum total of medical knowledge, which in turn is
based on an unending chain of scientific discovery, clinical observa-
tion, analysis, and interpretation. Advances in medicine depend on the
acquisition of new information, i.e., on research, which often involves
patients; improved medical care requires the transmission of this in-
formation. As part of broader societal responsibilities, the physician
should encourage patients to participate in ethical and properly ap-
proved clinical investigations if they do not impose undue hazard,
discomfort, or inconvenience. On the other hand, physicians engaged
in clinical research must be alert to potential conflicts of interest be-
tween their research goals and their obligations to individual patients;
the best interests of the patient must always take priority. To quote
William Osler:

To wrest from nature the secrets which have perplexed philoso-

phers in all ages, to track to their sources the causes of disease,

to correlate the vast stores of knowledge, that they may be quickly

FIGURE 1-2  Dr. Tinsley R. Harrison instructing students at a patient's bedside. Dr.
Harrison was the editor-in-chief of the first five editions of this textbook. (Photo
reprinted with permission from the UAB Archives, University of Alabama at Birming-
ham.)



6 Part | Introduction to Clinical Medicine

available for the prevention and cure of disease—these are our
ambitions.
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2 DECISION-MAKING IN CLINICAL MEDICINE

Daniel B. Mark

To the medical student who requires 2 h to collect a patient’s history
and perform a physical examination, and several additional hours to
organize them into a coherent presentation, the experienced clinician’s
ability to reach a diagnosis and decide on a management plan in a
fraction of the time seems extraordinary. While medical knowledge
and experience play a significant role in the senior clinician’s ability
to arrive at a differential diagnosis and plan quickly, much of the
process involves skill in clinical decision-making. The first goal of this
chapter is to provide an introduction to the study of clinical reasoning.

Equally bewildering to the student are the proper use of diagnostic
tests and the integration of the results into the clinical assessment. The
novice medical practitioner typically uses a “shotgun” approach to
testing, hoping to a hit a target without knowing exactly what that
target is. The expert, on the other hand, usually has a specific target
in mind and efficiently adjusts the testing strategy to it. The second
goal of this chapter is to review briefly some of the crucial basic sta-
tistical concepts that govern the proper interpretation and use of di-
agnostic tests; quantitative tools available to assist in clinical decision-
making will also be discussed.

Evidence-based medicine is the term used to describe the integra-
tion of the best available research evidence with clinical judgment and
experience in the care of patients. The third goal of this chapter is to
provide a brief overview of some of the tools of evidence-based med-
icine.

CLINICAL DECISION-MAKING

CLINICAL REASONING The most important clinical actions are not pro-
cedures or prescriptions but the judgments from which all other aspects
of clinical medicine flow. In the modern era of large randomized trials
and evidence-based medicine, it is easy to overlook the importance of
this elusive mental activity and focus instead on the algorithmic prac-
tice guidelines constructed to improve care. One reason for this ap-
parent neglect is that much more research has been done on how doc-
tors should make decisions (e.g., using a Bayesian model discussed
below) than on how they actually do. Thus, much of what we know
about clinical reasoning comes from empirical studies of nonmedical
problem-solving behavior.

Despite the great technological advances of the twentieth century,
uncertainty still plays a pivotal role in all aspects of medical decision-
making. We may know that a patient does not have long to live, but
we cannot be certain how long. We may prescribe a potent new re-
ceptor blocker to reverse the course of a patient’s illness, but we cannot
be certain that the therapy will achieve the desired result and that result
alone. Uncertainty in medical outcomes creates the need for probabil-
ities and other mathematical/statistical tools to help guide decision-
making. (These tools are reviewed later in the chapter.)

Uncertainty is compounded by the information overload that char-
acterizes modern medicine. Today’s experienced clinician needs close
to 2 million pieces of information to practice medicine. Doctors sub-
scribe to an average of 7 journals, representing over 2500 new articles
each year. Computers offer the obvious solution both for management

of information and for better quantitation and management of the daily
uncertainties of medical care. While the technology to computerize
medical practice is available, many practical problems remain to be
solved before patient information can be standardized and integrated
with medical evidence on a single electronic platform.

The following three examples introduce the subject of clinical rea-
soning:

* A 46-year-old man presents to his internist with a chief complaint
of hemoptysis. The physician knows that the differential diagnosis
of hemoptysis includes over 100 different conditions, including
cancer and tuberculosis (Chap. 30). The examination begins with
some general background questions, and the patient is asked to
describe his symptoms and their chronology. By the time the ex-
amination is completed, and even before any tests are run, the phy-
sician has formulated a working diagnostic hypothesis and planned
a series of steps to test it. In an otherwise healthy and nonsmoking
patient recovering from a viral bronchitis, the doctor’s hypothesis
would be that the acute bronchitis is responsible for the small
amount of blood-streaked sputum the patient observed. In this case,
a chest x-ray may provide sufficient reassurance that a more serious
disorder is not present.

* A second 46-year-old patient with the same chief complaint who
has a 100-pack-year smoking history, a productive morning cough,
and episodes of blood-streaked sputum may generate the principal
diagnostic hypothesis of carcinoma of the lung. Consequently,
along with the chest x-ray, the physician obtains a sputum cytology
examination and refers this patient for fiberoptic bronchoscopy.

¢ A third 46-year-old patient with hemoptysis who is from a devel-
oping country is evaluated with an echocardiogram as well, because
the physician thinks she hears a soft diastolic rumble at the apex
on cardiac auscultation, suggesting rheumatic mitral stenosis.

These three simple vignettes illustrate two aspects of expert clinical
reasoning: (1) the use of cognitive shortcuts as a way to organize the
complex unstructured material that is collected in the clinical evalua-
tion, and (2) the use of diagnostic hypotheses to consolidate the in-
formation and indicate appropriate management steps.

THE USE OF COGNITIVE SHORTCUTS Cognitive shortcuts or rules of thumb,
sometimes referred to as heuristics, can help solve complex problems,
of the sort encountered daily in clinical medicine, with great efficiency.
Clinicians rely on three basic types of heuristics. When assessing a
patient, clinicians often weigh the probability that this patient’s clinical
features match those of the class of patients with the leading diagnostic
hypotheses being considered. In other words, the clinician is searching
for the diagnosis for which the patient appears to be a representative
example; this cognitive shortcut is called the representativeness heu-
ristic.

It may take only a few characteristics from the history for an expert
clinician using the representativeness heuristic to arrive at a sound
diagnostic hypothesis. For example, an elderly patient with new-onset
fever, cough productive of copious sputum, unilateral pleuritic chest



pain, and dyspnea is readily identified as fitting the pattern for acute
pneumonia, probably of bacterial origin. Evidence of focal pulmonary
consolidation on the physical examination will increase the clinician’s
confidence in the diagnosis because it fits the expected pattern of acute
bacterial pneumonia. Knowing this allows the experienced clinician
to conduct an efficient, directed, and therapeutically productive patient
evaluation although there may be little else in the history or physical
examination of direct relevance. The inexperienced medical student or
resident, who has not yet learned the patterns most prevalent in clinical
medicine, must work much harder to achieve the same result and is
often at risk of missing the important clinical problem in a sea of
compulsively collected but unhelpful data.

However, physicians using the representativeness heuristic can
reach erroneous conclusions if they fail to consider the underlying
prevalence of two competing diagnoses (i.e., the prior, or pretest, prob-
abilities). Consider a patient with pleuritic chest pain, dyspnea, and a
low-grade fever. A clinician might consider acute pneumonia and
acute pulmonary embolism to be the two leading diagnostic alterna-
tives. Using the representativeness heuristic, the clinician might judge
both diagnostic candidates to be equally likely, although to do so
would be wrong if pneumonia was much more prevalent in the un-
derlying population. Mistakes may also result from a failure to con-
sider that a pattern based on a small number of prior observations will
likely be less reliable than one based on larger samples.

A second commonly used cognitive shortcut, the availability heu-
ristic, involves judgments made on the basis of how easily prior similar
cases or outcomes can be brought to mind. For example, the experi-
enced clinician may recall 20 elderly patients seen over the past few
years who presented with painless dyspnea of acute onset and were
found to have acute myocardial infarction. The novice clinician may
spend valuable time seeking a pulmonary cause for the symptoms
before considering and discovering the cardiac diagnosis. In this sit-
uation, the patient’s clinical pattern does not fit the expected pattern
of acute myocardial infarction, but experience with this atypical pre-
sentation, and the ability to recall it, can help direct the physician to
the diagnosis.

Errors with the availability heuristic can come from several sources
of recall bias. For example, rare catastrophes are likely to be remem-
bered with a clarity and force out of proportion to their value, and
recent experience is, of course, easier to recall and therefore more
influential on clinical judgments.

The third commonly used cognitive shortcut, the anchoring heu-
ristic, involves estimating a probability by starting from a familiar
point (the anchor) and adjusting to the new case from there. Anchoring
can be a powerful tool for diagnosis but is often used incorrectly. For
example, a clinician may judge the probability of coronary artery dis-
ease (CAD) to be very high after a positive exercise thallium test,
because the prediction has been anchored to the test result (“positive
test = high probability of CAD”). Yet, as discussed below, this pre-
diction would be inaccurate if the clinical (pretest) picture of the pa-
tient being tested indicates a low probability of disease (e.g., a 30-
year-old woman with no risk factors). As illustrated in this example,
anchors are not necessarily the same as the pretest probability (see
“Measures of Disease Probability and Bayes’ Theorem,” below).

DIAGNOSTIC HYPOTHESIS GENERATION Cognitive scientists studying the
thought processes of expert clinicians have observed that clinicians
group data into packets, or “chunks,” which are stored in their mem-
ories and manipulated to generate diagnostic hypotheses. Because
short-term memory can typically hold only 7 to 10 items at a time, the
number of packets that can be actively integrated into hypothesis-gen-
erating activities is similarly limited. The cognitive shortcuts discussed
above play a key role in the generation of diagnostic hypotheses, many
of which are discarded as rapidly as they are formed.

A diagnostic hypothesis sets a context for diagnostic steps to follow
and provides testable predictions. For example, if the enlarged and
quite tender liver felt on physical examination is due to acute hepatitis
(the hypothesis), certain specific liver function tests should be mark-
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edly elevated (the prediction). If the tests come back normal, the hy-
pothesis may need to be discarded or substantially modified.

One of the factors that makes teaching diagnostic reasoning so
difficult is that expert clinicians do not follow a fixed pattern in patient
examinations. From the outset, they are generating, refining, and dis-
carding diagnostic hypotheses. The questions they ask in the history
are driven by the hypotheses they are working with at the moment.
Even the physical examination is driven by specific questions rather
than a preordained checklist. While the student is palpating the ab-
domen of the alcoholic patient, waiting for a finding to strike him, the
expert clinician is on a focused search mission. Is the spleen enlarged?
How big is the liver? Is it tender? Are there any palpable masses or
nodules? Each question focuses the attention of the examiner to the
exclusion of all other inputs until answered, allowing the examiner to
move on to the next specific question.

Negative findings are often as important as positive ones in estab-
lishing and refining diagnostic hypotheses. Chest discomfort that is
not provoked or worsened by exertion in an active patient reduces the
likelihood that chronic ischemic heart disease is the underlying cause.
The absence of a resting tachycardia and thyroid gland enlargement
reduces the likelihood of hyperthyroidism in a patient with paroxysmal
atrial fibrillation.

The acuity of a patient’s illness can play an important role in over-
riding considerations of prevalence and other issues described above.
For example, clinicians are taught to consider aortic dissection rou-
tinely as a possible cause of acute severe chest discomfort along with
myocardial infarction, even though the typical history of dissection is
different from myocardial infarction and dissection is far less prevalent
(Chap. 231). This recommendation is based on the recognition that a
relatively rare but catastrophic diagnosis like aortic dissection is very
difficult to make unless it is explicitly considered. If the clinician fails
to elicit any of the characteristic features of dissection by history and
finds equivalent blood pressures in both arms and no pulse deficits, he
or she may feel comfortable in discarding the aortic dissection hy-
pothesis. If, however, the chest x-ray shows a widened mediastinum,
the hypothesis may be reinstated and a diagnostic test ordered [e.g.,
thoracic computed tomography (CT) scan, transesophageal echocar-
diogram] to evaluate it more fully. In nonacute situations, the preva-
lence of potential alternative diagnoses should play a much more
prominent role in diagnostic hypothesis generation.

Generation of Diagnostic Hypotheses Because the generation and evalu-
ation of appropriate diagnostic hypotheses is a skill that not all clini-
cians possess to an equal degree, errors in this process can occur; in
the patient with serious acute illness these may lead to tragic conse-
quences. Consider the following hypothetical example. A 45-year-old
male patient with a 3-week history of a “flulike” upper respiratory
infection (URI) presented to his physician with symptoms of dyspnea
and a productive cough. Based on the presenting complaint, the cli-
nician pulled out a “URI Assessment Form” to improve quality and
efficiency of care. The physician quickly completed the examination
components outlined on this structured form, noting in particular the
absence of fever and a clear chest examination. He then prescribed an
antibiotic for presumed bronchitis, showed the patient how to breathe
into a paper bag to relieve his “hyperventilation,” and sent him home
with the reassurance that his illness was not serious. After a sleepless
night with significant dyspnea unrelieved by rebreathing into a bag,
the patient developed nausea and vomiting and collapsed. He was
brought into the Emergency Department in cardiac arrest and could
not be resuscitated. Autopsy showed a posterior wall myocardial in-
farction and a fresh thrombus in an atherosclerotic right coronary ar-
tery. What went wrong? The clinician decided, even before starting
the history, that the patient’s complaints were not serious. He therefore
felt confident that he could perform an abbreviated and focused ex-
amination using the URI assessment protocol rather than considering
the full range of possibilities and performing appropriate tests to con-
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firm or refute his initial hypotheses. In particular, by concentrating on
the “URIL,” the clinician failed to elicit the full dyspnea history, which
would have suggested a far more serious disorder, and neglected to
search for other symptoms that could have directed him to the correct
diagnosis.

This example illustrates how patients can diverge from textbook
symptoms and the potential consequences of being unable to adapt the
diagnostic process to real-world challenges. The expert, while recog-
nizing that common things occur commonly, approaches each evalu-
ation on high alert for clues that the initial diagnosis may be wrong.
Patients often provide information that “does not fit” with any of the
leading diagnostic hypotheses being considered. Distinguishing real
clues from false trails can only be achieved by practice and experience.
A less experienced clinician who tries to be too efficient (as in the
above example) can make serious judgment errors. Furthermore, the
value of conducting a rapid systematic clinical survey of symptoms
and organ systems to avoid missing important but inapparent clues
cannot be overstated.

MAJOR INFLUENCES ON CLINICAL DECISION-MAKING More than a decade of
research on variations in clinician practice patterns has shed much light
on forces that shape clinical decisions. The use of heuristic “shortcuts,”
as detailed above, provides a partial explanation, but several other key
factors play an important role in shaping diagnostic hypotheses and
management decisions. These factors can be grouped conceptually into
three overlapping categories: (1) factors related to physician personal
characteristics and practice style, (2) factors related to the practice
setting, and (3) economic incentive factors.

Practice Style Factors One of the key roles of the physician in medical
care is to serve as the patient’s agent to ensure that necessary care is
provided at a high level of quality. Factors that influence this role
include the physician’s knowledge, training, and experience. It is ob-
vious that physicians cannot practice evidence-based medicine (EBM;
described later in the chapter) if they are unfamiliar with the evidence.
As would be expected, specialists generally know the evidence in their
field better than do generalists. Surgeons may be more enthusiastic
about recommending surgery than medical doctors because their belief
in the beneficial effects of surgery is stronger. For the same reason,
invasive cardiologists are much more likely to refer chest pain patients
for diagnostic catheterization than are noninvasive cardiologists or
generalists. The physician beliefs that drive these different practice
styles are based on personal experience, recollection, and interpreta-
tion of the available medical evidence. For example, heart failure spe-
cialists are much more likely than generalists to achieve target angi-
otensin-converting enzyme (ACE) inhibitor therapy in their heart
failure patients because they are more familiar with what the targets
are (as defined by large clinical trials), have more familiarity with the
specific drugs (including dosages and side effects), and are less likely
to overreact to foreseeable problems in therapy such as a rise in cre-
atinine levels or symptomatic hypotension. Other intriguing research
has shown a wide distribution of acceptance times of antibiotic therapy
for peptic ulcer disease following widespread dissemination of the
“evidence” in the medical literature. Some gastroenterologists ac-
cepted this new therapy before the evidence was clear (reflecting, per-
haps, an aggressive practice style), and some gastroenterologists
lagged behind (a conservative practice style, associated in this case
with older physicians). As a group, internists lagged several years be-
hind gastroenterologists.

The opinion of influential leaders can also have an important effect
on practice patterns. Such influence can occur at both the national level
(e.g., expert physicians teaching at national meetings) and the local
level (e.g., local educational programs, “curbside consultants”). Opin-
ion leaders do not have to be physicians. When conducting rounds
with clinical pharmacists, physicians are less likely to make medica-
tion errors and more likely to use target levels of evidence-based ther-
apies.

The patient’s welfare is not the only concern that drives clinical
decisions. The physician’s perception about the risk of a malpractice
suit resulting from either an erroneous decision or a bad outcome cre-
ates a style of practice referred to as defensive medicine. This practice
involves using tests and therapies with very small marginal returns to
preclude future criticism in the event of an adverse outcome. For ex-
ample, a 40-year-old woman who presents with a long-standing history
of intermittent headache and a new severe headache along with a nor-
mal neurologic examination has a very low likelihood of structural
intracranial pathology. Performance of a head CT or magnetic reso-
nance imaging (MRI) scan in this situation would constitute defensive
medicine. On the other hand, the results of the test could provide
reassurance to an anxious patient.

Practice Setting Factors Factors in this category relate to the physical
resources available to the physician’s practice and the practice envi-
ronment. Physician-induced demand is a term that refers to the re-
peated observation that physicians have a remarkable ability to accom-
modate to and employ the medical facilities available to them. A
classic early study in this area showed that physicians in Boston had
an almost 50% higher hospital admission rate than did physicians in
New Haven, despite there being no obvious differences in the health
of the cities’ inhabitants. The physicians in New Haven were not aware
of using fewer hospital beds for their patients, nor were the Boston
physicians aware of using less stringent criteria to admit patients. In
both cities, physicians unconsciously adopted their practice styles to
the available level of hospital beds.

Other environmental factors that can influence decision-making in-
clude the local availability of specialists for consultations and proce-
dures, “high tech” facilities such as angiography suites, a heart surgery
program, and MRI machines.

Economic Incentives Economic incentives are closely related to the
other two categories of practice-modifying factors. Financial issues
can exert both stimulatory and inhibitory influences on clinical prac-
tice. In general, physicians are paid on a fee-for-service, capitation, or
salary basis. In fee-for-service, the more the physician does, the more
the physician gets paid. The incentive in this case is to do more. When
fees are reduced (discounted fee-for-service), doctors tend to increase
the number of services billed for. Capitation, in contrast, provides a
fixed payment per patient per year, encouraging physicians to take on
more patients but to provide each patient with fewer services. Expen-
sive services are more likely to be affected by this type of incentive
than inexpensive preventive services. Salary compensation plans pay
physicians the same regardless of the amount of clinical work per-
formed. The incentive here is to see fewer patients.

In summary, expert clinical decision-making can be appreciated as
a complex interplay between cognitive devices used to simplify large
amounts of complex information interacting with physician biases re-
flecting education, training, and experience, all of which are shaped
by powerful, sometimes perverse, external forces. In the next section,
a set of statistical tools and concepts that can assist in making clinical
decisions under uncertainty are reviewed.

QUANTITATIVE METHODS TO AID CLINICAL DECISION-MAKING

The process of medical decision-making can be divided into two parts:
(1) defining the available courses of action and estimating the likely
outcomes with each, and (2) assessing the desirability of the outcomes.
The former task involves integrating key information about the patient
along with relevant evidence from the medical literature to create the
structure of a decision problem. The remainder of this chapter will
review some quantitative tools available to assist the clinician in these
activities. These tools can be divided into those that assist the clinician
in making better outcome predictions, which are then used to make
decisions, and those that support the decision process directly. While
these tools are not yet used routinely in daily clinical practice, the
computerization of medicine is creating the required platform for their
future widespread dissemination.



QUANTITATIVE MEDICAL PREDICTIONS m Diagnostic Testing The purpose of
performing a test on a patient is to reduce uncertainty about the pa-
tient’s diagnosis or prognosis and to aid the clinician in making man-
agement decisions. Although diagnostic tests are commonly thought
of as laboratory tests (e.g., measurement of serum amylase level) or
procedures (e.g., colonoscopy or bronchoscopy), any technology that
changes our understanding of the patient’s problem qualifies as a di-
agnostic test. Thus, even the history and physical examination can be
considered a form of diagnostic test. In clinical medicine, it is common
to reduce the results of a test to a dichotomous outcome, such as
positive or negative, normal or abnormal. In many cases, this simpli-
fication results in the waste of useful information. However, such sim-
plification makes it easier to demonstrate some of the quantitative ways
in which test data can be used.

To characterize the accuracy of diagnostic tests, four terms are
routinely used (Table 2-1). The true-positive rate, i.e., the sensitivity,
provides a measure of how well the test correctly identifies patients
with disease. The false-negative rate is calculated as (1 — sensitivity).
The true-negative rate, i.e., the specificity, reflects how well the test
correctly identifies patients without disease. The false-positive rate is
(1 — specificity). A perfect test would have a sensitivity of 100% and
a specificity of 100% and would completely separate patients with
disease from those without it.

Calculating sensitivity and specificity require selection of a cut-
point value for the test, called the positivity criterion, to define the
threshold value at or above which the test is considered “positive.” As
the cutpoint is moved to improve sensitivity, specificity typically falls
and vice versa. This dynamic tradeoff between more accurate identi-
fication of subjects with disease versus those without disease is often
displayed graphically as a receiver operating characteristic (ROC)
curve (Fig. 2-1). An ROC curve plots sensitivity (y-axis) versus 1 —
specificity (x-axis). Each point on the curve represents a potential cut-
point with an associated sensitivity and specificity value. The area under
the ROC curve is often used as a quantitative measure of the infor-
mation content of a test. Values range from 0.5 (no diagnostic infor-
mation at all, test is equivalent to flipping a coin) to 1.0 (perfect test).

In the testing literature, ROC areas are often used to compare al-
ternative tests that can be used for a particular diagnostic problem. The
test with the highest area (i.e., closest to 1.0) is presumed to be the
most accurate. However, ROC curves are not a panacea for evaluation
of diagnostic test utility. Like Bayes’ theorem (discussed below), they
are typically focused on only one possible test parameter (e.g., ST-
segment response in a treadmill exercise test) to the exclusion of other
potentially relevant data. In addition, ROC area comparisons do not
simulate the way test information is actually used in clinical practice.
Finally, biases in the underlying population used to generate the ROC
curves (e.g., related to an unrepresentative test sample) can bias the
ROC area and the validity of a comparison among tests.

Measures of Disease Probability and Bayes' Theorem Unfortunately, there
are no perfect tests; after every test is completed the true disease state
of the patient remains uncertain. Quantitating this residual uncertainty

TABLE 2-1 Measures of Diagnostic Test Accuracy

Disease Status

Test Result Present Absent

Positive True-positive (TP)
Negative False-negative (FN)

IDENTIFICATION OF PATIENTS WITH DISEASE
True-positive rate (sensitivity) = TP/(TP + FN)

False-negative rate = FN/(TP + FN)
True-positive rate = 1 — false-negative rate

IDENTIFICATION OF PATIENTS WITHOUT DISEASE

True-negative rate (specificity) = TN/(TN + FP)
False-positive rate = FP/(TN + FP)
True-negative rate = 1 — false-positive rate

False-positive (FP)
True-negative (TN)
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FIGURE 2-1 The receiver operating characteristic (ROC) curves for a hypothetical
diagnostic test. The ROC curve illustrates the trade off that occurs between improved
test sensitivity (accurate detection of patients with disease) and improved test speci-
ficity (accurate detection of patients without disease), as the test value defining when
the test turns from “negative” to “positive” is varied. The 45° line indicates a test with
no information (sensitivity = specificity at every test value). Point A indicates a test
positivity criterion that has good specificity (90%) but poor sensitivity (60%). Paint C
indicates a test positivity criterion with the reverse problem: good sensitivity (90%)
but poor specificity (30%). Point B may therefore represent the best compromise for
clinical use.

can be done with Bayes’ theorem. This theorem provides a simple
mathematical way to calculate the posttest probability of disease from
three parameters: the pretest probability of disease, the test sensitivity,
and the test specificity (Table 2-2). The pretest probability is a quan-
titative expression of the confidence in a diagnosis before the test is
performed. In the absence of more relevant information it is usually
estimated from the prevalence of the disease in the underlying popu-
lation. For some common conditions, such as CAD, nomograms and
statistical models have been created to generate better estimates of
pretest probability from elements of the history and physical exami-
nation. The posttest probability, then, is a revised statement of the
confidence in the diagnosis, taking into account what was known both
before and after the test.

To understand conceptually how Bayes’ theorem creates this re-
vised confidence statement, it is useful to examine a nomogram version
of Bayes’ theorem that uses the same three parameters to predict the
posttest probability of disease (Fig. 2-2). In this nomogram, the ac-
curacy of the diagnostic test in question is summarized by the likeli-
hood ratio for a positive test, which is the ratio of the true-positive
rate to the false-positive rate [or sensitivity/(1 — specificity)]. For ex-
ample, a test with a sensitivity of 0.90 and a specificity of 0.90 has a
likelihood ratio of 0.90/(1 — 0.90), or 9. Thus, for this hypothetical
test, a “positive” result is 9 times more likely in a patient with the
disease than in a patient without it. The more accurate the test, the
higher the likelihood ratio. However, if sensitivity is excellent but
specificity is less so, the likelihood ratio will be substantially reduced
(e.g., with a 90% sensitivity but a 60% specificity, the likelihood ratio
is 2.25). Most tests in medicine have likelihood ratios for a positive
result between 1.5 and 20.

Applications to Diagnostic Testing in CAD Consider two tests commonly
used in the diagnosis of CAD, an exercise treadmill and an exercise
thallium-201 single photon emission CT (SPECT) test (Chap. 226).
Meta-analysis has shown the treadmill to have an average sensitivity
of 66% and an average specificity of 84%, yielding a likelihood ratio
of 4.1 [0.66/(1 — 0.84)]. If we use this test on a patient with a pretest
probability of CAD of 10%, the posttest probability of disease follow-
ing a positive result rises only to about 30%. If a patient with a pretest
probability of CAD of 80% has a positive test result, the posttest prob-
ability of disease is about 95%.
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TABLE 2-2 Measures of Disease Probability

Pretest probability of disease = probability of disease before test is done.
May use population prevalence of disease or more patient-specific data
to generate this probability estimate.

Posttest probability of disease = probability of disease accounting for
both pretest probability and test results. Also called predictive value of
the test.

Bayes’ theorem
Computational version:

Posttest probability =
Pretest probability X test sensitivity

Pretest probability X test sensitivity +
(1 — disease prevalence) X test false-positive rate

Example [with a pretest probability of 0.50 and a “positive” diagnostic
test result (test sensitivity = 0.90, test specificity = 0.90)]:
(0.50)(0.90)

(0.50)(0.90) + (0.50)(0.10)
= 0.90

Posttest probability =

The exercise thallium SPECT test is a more accurate test for the
diagnosis of CAD. For our purposes, assume that it has both a sensi-
tivity and specificity of 90%, yielding a likelihood ratio of 9.0 [0.90/
(1 — 0.90)]. If we again test our low pretest probability patient and he
has a positive test, using Fig. 2-2 we can demonstrate that the posttest
probability of CAD rises from 10 to 50%. However, from a decision-
making point of view, the more accurate test has not been able to
improve diagnostic confidence enough to change management. In fact,
the test has moved us from being fairly certain that the patient did not
have CAD to being completely undecided (a 50:50 chance of disease).
In a patient with a pretest probability of 80%, using the more accurate
thallium SPECT test raises the posttest probability to 97% (compared
with 95% for the exercise treadmill). Again, the more accurate test
does not provide enough improvement in posttest confidence to alter
management, and neither test has improved much upon what was
known from clinical data alone.

If the pretest probability is low (e.g., 20%), even a positive result
on a very accurate test will not move the posttest probability to a range
high enough to rule in disease (e.g., 80%). Conversely, with a high
pretest probability, a negative test will not adequately rule out disease.
Thus, the largest gain in diagnostic confidence from a test occurs when
the clinician is most uncertain before performing it (e.g., pretest prob-
ability between 30 and 70%). For example, if a patient has a pretest
probability for CAD of 50%, a positive exercise treadmill test will
move the posttest probability to 80% and a positive exercise thallium
SPECT test will move it to 90% (Fig. 2-2).

Bayes’ theorem, as presented above, employs a number of impor-
tant simplifications that should be considered. First, few tests have
only two useful outcomes, positive or negative, and many tests provide
numerous pieces of data about the patient. Even if these can be inte-
grated into a summary result, multiple levels of useful information
may be present (e.g., strongly positive, positive, indeterminate, nega-
tive, strongly negative). While Bayes’ theorem can be adapted to this
more detailed test result format, it is computationally complex to do
so. Second, Bayes’ theorem assumes that the information from the test
is completely unique and nonoverlapping with information used to
estimate the pretest probability. This independence assumption, how-
ever, is often wrong. In many cases, test results are correlated with
patient characteristics. For example, the findings of cardiomegaly and
pulmonary edema on chest x-ray are correlated with the historic fea-
tures of heart failure and with the physical findings of a displaced left
ventricular apical impulse, an S; gallop, and rales. The unique predic-
tive information contributed by the test in this case (the chest x-ray)
is only a fraction of its total information because much had already
been learned about the probability of heart failure before the test was
done.

Finally, it has long been thought that sensitivity and specificity are

prevalence-independent parameters of test accuracy, and many texts
still make this assertion. This statistically useful assumption, however,
is clinically wrong. For example, a treadmill exercise test has a sen-
sitivity in a population of patients with one-vessel CAD of around
30%, whereas the sensitivity in severe three-vessel CAD approaches
80%. Thus, the best estimate of sensitivity to use in a particular de-
cision will often vary depending on the distribution of disease stages
present in the tested population. A hospitalized population typically
has a higher prevalence of disease and in particular a higher prevalence
of more advanced disease stages than an outpatient population. As a
consequence, test sensitivity will tend to be higher in hospitalized pa-
tients, whereas test specificity will be higher in outpatients.

Statistical Prediction Models Bayes’ theorem, as presented above, deals
with a clinical prediction problem that is unrealistically simple relative
to most problems a clinician faces. Prediction models, based on mul-
tivariable statistical models, can handle much more complex problems
and substantially enhance predictive accuracy for specific situations.
Their particular advantage is the ability to take into account many
overlapping pieces of information and assign a relative weight to each
based on its unique contribution to the prediction in question. For
example, a logistic regression model to predict the probability of CAD
takes into account all of the relevant independent factors from the
clinical examination and diagnostic testing instead of the small handful
of data that clinicians can manage in their heads or with Bayes’ the-
orem. However, despite this strength, the models are too complex com-
putationally to use without a calculator or computer (although this
limit may be overcome when medicine is practiced from a fully com-
puterized platform). To date, only a handful of prediction models have
been developed and properly validated. The importance of indepen-
dent validation in a population separate from the one used to develop
the model cannot be overstated. Unfortunately, most published models
have not been properly validated, making their utility in clinical prac-
tice uncertain at best.
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FIGURE 2-2  Nomogram version of Bayes' Theorem used to predict the posttest proh-

ahility of disease (left-hand scale) using the pretest probability of disease (right-hand
scale) and the likelihood ratio for a positive test (middle scale). The likelihood ratio is
calculated as the sensitivity/(1 — specificity). To use, place a straightedge connecting
the pretest probability and the likelihood ratio, and read off the posttest probability.
This figure illustrates the value of a positive exercise treadmill test (likelihood ratio 4)
and a positive exercise thallium SPECT study (likelihood ratio 9) in the patient with a
pretest probability of coronary artery disease of 50%. Treadmill results shown in solid
line; thallium results in dashed line. (Adapted from Fagan TJ: N Engl | Med 293:257,
1975. Copyright 1975, Massachusetts Medical Society. All rights reserved.)



When statistical models have been compared directly
with expert clinicians, they have been found to be more con-
sistent, as would be expected, but not significantly more ac-
curate. Their biggest promise, then, would seem to be to
make less-experienced clinicians more accurate predictors
of outcome.

DECISION SUPPORT TOOLS

DECISION SUPPORT SYSTEMS Over the past 30 years, many at-
tempts have been made to develop computer systems to help
clinicians make decisions and manage patients. Conceptu-
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ally, computers offer a very attractive way to handle the vast
information load that today’s physicians face. The computer
can help by making accurate predictions of outcome, sim-
ulating the whole decision process, or providing algorithmic
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drug dosing and in promoting guideline adher- ~ FIGURE 2-3  Decision model used to evaluate strategies for management of the risk of infective endocarditis after

ence. The full potential of these approaches
will only be achieved when computers are fully
integrated into medical practice.

DECISION ANALYSIS Compared with the meth-
ods discussed above, decision analysis repre-
sents a completely different approach to decision support. Its principal
application is in decision problems that are complex and involve a
substantial risk, a high degree of uncertainty in some key area, or an
idiosyncratic feature that does not “fit” the available evidence. Three
general steps are involved. First, the decision problem must be clearly
defined. Second, the elements of the decision must be made explicit.
This involves specifying the alternatives being considered, their rele-
vant outcomes, the probabilities attached to each outcome, and the
relative desirability (called “utility””) of each outcome. Cost can also
be assigned to each branch of the decision tree, allowing calculation
of cost effectiveness. Finally, the decision tree must be “analyzed” to
find the strategy with the best expected outcome.

An example of a decision tree used to evaluate strategies for man-
agement of the risk of infective endocarditis after catheter-associated
Staphylococcus aureus bacteremia is shown in Fig. 2-3. Approxi-
mately 35,000 cases of S. aureus bacteremia occur each year in the
United States. The development of complicating endocarditis, which
occurs in about 6% of cases, is associated with high morbidity (31%
mortality, 21% stroke rate) and medical costs. The three choices for
management of the bacteremia are (1) transesophageal echocardiog-
raphy (TEE), (2) a 4-week course of intravenous antibiotics (long-
course), or (3) a 2-week course of intravenous antibiotics (short-
course). In the TEE strategy, a 4-week course of antibiotics is given
if endocarditis is evident and a 2-week course is given if it is not. With
each strategy, there is a risk that the patient will develop endocarditis
with or without major complications. In this analysis, the longest qual-
ity-adjusted survival (5.47 quality-adjusted life-years) was associated
with the 4-week antibiotic course strategy, which also had the highest
costs ($14,136 per patient), whereas the lowest costs ($9830 per pa-
tient) and worst outcomes (5.42 quality-adjusted life-years) were as-
sociated with the 2-week antibiotic course strategy. From a clinical

catheter-associated Staphylococcus aureus bacteremia. The square node indicates a decision between possible man-
agement strategies. Round nodes represent chance events, and rectangular (or terminal) nodes indicate the outcomes
of interest. All nonterminal chance nodes in the main tree (structure A) enter substructure B. All nonterminal chance
nodes in substructure B enter substructure C. TEE, transesophageal echocardiography. (From Rosen AB et al: Ann
Intern Med 130:810, 1999, with permission.)

point of view (ignoring costs), the 4-week antibiotic course was best.
From a cost-effectiveness point of view, the TEE strategy (5.46 qual-
ity-adjusted life-years and $10,051 per patient costs) provided the best
balance of added benefits and costs. Thus, decision analysis can be
extremely helpful in clarifying tradeoffs in outcomes and costs in dif-
ficult management areas where it is highly unlikely that an adequate
randomized trial will ever be done, such as the above.

Filling in the Decision Tree The data needed to fill in a decision tree
(Fig. 2-3) are typically cobbled together from a variety of sources,
including the literature (randomized trials, meta-analyses, observa-
tional studies) and expert opinion. Once the decision tree is finished,
the decision is “analyzed” by calculating the average value of each
limb of the tree. The decision arm with the highest net value (or ex-
pected utility) is the preferred choice. The value of this exercise, how-
ever, is not so much in developing a prescription for action as it is in
exploring the key elements and pressure points of a complex or dif-
ficult decision. The process of building the decision tree forces the
analyst to be explicit about the choices being considered and all their
relevant outcomes. Areas of high uncertainty are readily identified.
Sensitivity analyses are an integral part of decision analysis and in-
volve systematically varying the value of each key parameter in the
model alone (one-way sensitivity analysis), in pairs (two-way), or in
higher combinations (multivariable) to assess the impact on choice of
preferred management strategy. In the above example, varying the
incidence of endocarditis resulting from S. aureus bacteremia from 3%
to >50% had no impact on the choice of TEE as the preferred strategy.

User-friendly personal computer—based software packages now
make the creation and analysis of decision trees much more straight-
forward than in the past. However, the process is still far too cumber-
some and time-consuming to be used on a routine basis. When med-
icine is practiced from a fully computerized platform, a library of



12 Part | Introduction to Clinical Medicine

prestructured decision trees with user-modifiable values can be made
available to support practitioners working with individual patients.

EVIDENCE-BASED MEDICINE

The “art of medicine” is traditionally defined as a practice combining
medical knowledge (including scientific evidence), intuition, and judg-
ment in the care of patients (Chap. 1). EBM updates this construct by
placing a much greater emphasis on the processes by which the cli-
nician gains knowledge of the most up-to-date and relevant clinical
research. The key processes of EBM can be summarized in four
steps:

1. Formulating the management question to be answered

2. Searching the literature and on-line databases for applicable re-
search data

3. Appraising the evidence gathered with regard to its validity and
relevance

4. Integrating this appraisal with knowledge about the unique aspects
of the patient (including preferences).

Steps 2 and 3 are the heart of EBM as it is currently used in practice.
The process of searching the world’s research literature and appraising
the quality and relevance of studies thus identified can be quite time
consuming and requires skills and training that many clinicians do not
possess. Thus, the best starting point for most EBM searches is the
identification of recent systematic overviews of the problem in ques-
tion. Selected resources to assist in this search are listed in (Table
2-3).

Generally, the EBM tools listed in Table 2-3 provide access to
research information in one of two forms. The first, primary research
reports, is the original peer-reviewed research work that is published
in medical journals. Initial access to this information in an EBM search
may be gained through MEDLINE, which provides access to a huge

amount of data in abstract form. The difficulty with MEDLINE is
locating reports that are on point in a sea of irrelevant or unhelpful
information and being reasonably certain that important reports have
not been overlooked. The second form, systematic reviews, compre-
hensively summarizes the available evidence on a particular topic up
to a certain date and provides the interpretation of the reviewer. Ex-
plicit criteria are used to find all the relevant scientific research and
grade its quality. The prototype for this kind of resource is the Coch-
rane Database of Systematic Reviews. One of the key components of
a systematic review is a meta-analysis.

Meta-analysis This is research done on research data for the purpose
of combining and summarizing the available evidence quantitatively.
Although it can be used to combine nonrandomized studies, meta-
analysis is most valuable when used to summarize all the randomized
trials on a particular therapeutic problem. Ideally, unpublished trials
should be identified and included to avoid publication bias (i.e., only
“positive” trials tend to get published). Furthermore, some of the best
meta-analyses obtain and analyze the raw patient-level data from the
individual trials rather than working only with what is available in the
published reports of each trial. Importantly, not all published meta-
analyses are reliable sources of evidence on a particular problem. Their
methodology must be carefully scrutinized to ensure proper study de-
sign and analysis. The results of a well done meta-analysis are likely
to be most persuasive if it includes at least several large-scale, properly
performed randomized trials. In many cases, where the available trials
are small or poorly done, the best that may be concluded is that sub-
stantial additional trials are required to reach a reliable conclusion
about a particular therapy.

Meta-analyses typically focus on summary measures of relative
treatment benefit, such as odds ratios or relative risks. Clinicians
should also examine what absolute risk reduction (ARR) can be ex-
pected from the therapy. A useful summary metric of absolute treat-
ment benefit is the number needed to treat (NNT) to prevent one ad-

verse outcome event (e.g., death,

TABLE 2-3 Selected Tools for Finding the Evidence in Evidence-Based Medicine

stroke). NNT is simply 1/ARR. For ex-
ample, if a hypothetical therapy reduced

Name Description Web Address

Availability mortality over a 5-year follow-up by

Evidence-Based

33% (the relative treatment benefit)

Medicine Reviews

Cochrane Library

ACP Journal Club

Clinical Evidence

MEDLINE

Comprehensive electronic
database that combines
and integrates:

1. The Cochrane
Database of
Systematic Reviews

2. ACP Journal Club

3. The Database of
Abstracts of Reviews
of Effectiveness

Collection of EBM
databases including The
Cochrane Database of
Systematic Reviews—
full text articles
reviewing specific health
care topics

Collection of summaries of
original studies and
systematic reviews;
published bimonthly; all
data since 1991 available
on Web site, updated
yearly

Monthly updated directory
of concise overviews of
common clinical
interventions

National Library of
Medicine database with
citations back to 1966

www.ovid.com

www.cochrane.org

www.acpic.org

www.clinicalevidence.com

www.nlm.nih.gov

Subscription required;
available through
medical center
libraries and other
institutions

Subscription required;
abstracts of
systematic reviews
available free
online; some
countries have
funding to provide
free access to all
residents

Subscription required

Subscription required;
free access for UK
and for developing
countries

Free via Internet

Note: ACP, American College of Physicians; EBM, evidence-based medicine.

from 12% (control arm) to 8% (treat-
ment arm), the absolute risk reduction
would be 12% — 8% = 4% and the
NNT = V4 or 25. Thus, we would need
to treat 25 patients for 5 years to prevent
1 death. If we applied our hypothetical
treatment to a lower risk population, say
with a 6% 5-year mortality, the 33% rel-
ative treatment benefit would reduce ab-
solute mortality by 2% (from 6% to 4%)
and the NNT for the same therapy in this
different group of patients would be 50.

CONCLUSIONS

In this era of evidence-based medicine,
it is tempting to think that all the diffi-
cult decisions practitioners face have
been or soon will be solved and digested
into practice guidelines and computer-
ized reminders. However, EBM pro-
vides practitioners with an ideal rather
than a finished set of tools with which
to manage patients. The significant con-
tribution of EBM has been to promote
the development of more powerful and
user-friendly EBM tools that can be ac-
cessed by the busy practitioners. This is
an enormously important contribution
that is slowly changing the way medi-



cine is practiced. One of the repeated admonitions of EBM pioneers
has been to replace reliance on the local “gray-haired expert” (who
may be often wrong but rarely in doubt) with a systematic search for
and evaluation of the evidence. But EBM has not eliminated the need
for subjective judgments; each systematic review presents the inter-
pretation of an “expert,” whose biases remain largely invisible to the
consumer of the review. In addition, meta-analyses cannot generate
evidence where there are no adequate randomized trials, and most of
what clinicians face will never be thoroughly tested in a randomized
trial. For the foreseeable future, excellent clinical reasoning skills and
experience supplemented by well-designed quantitative tools and a
keen appreciation for individual patient preferences will continue to
be of paramount importance in the professional life of medical prac-
titioners.
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3 PRINCIPLES OF CLINICAL PHARMACOLOGY

Dan M. Roden

Drugs are the cornerstone of modern therapeutics. Nevertheless, it is
well recognized among physicians and among the lay community that
the outcome of drug therapy varies widely among individuals. While
this variability has been perceived as an unpredictable, and therefore
inevitable, accompaniment of drug therapy, this is not the case. The
goal of this chapter is to describe the principles of clinical pharma-
cology that can be used for the safe and optimal use of available and
new drugs.

Drugs interact with specific target molecules to produce their ben-
eficial and adverse effects. The chain of events between administration
of a drug and production of these effects in the body can be divided
into two important components, both of which contribute to variability
in drug actions. The first component comprises the processes that de-
termine drug delivery to, and removal from, molecular targets. The
resultant description of the relationship between drug concentration
and time is termed pharmacokinetics. The second component of vari-
ability in drug action comprises the processes that determine variabil-
ity in drug actions despite equivalent drug delivery to effector drug
sites. This description of the relationship between drug concentration
and effect is termed pharmacodynamics. As discussed further below,
pharmacodynamic variability can arise as a result of variability in func-
tion of the target molecule itself or of variability in the broad biologic
context in which the drug-target interaction occurs to achieve drug
effects.

Two important goals of the discipline of clinical pharmacology are
(1) to provide a description of conditions under which drug actions
vary among human subjects; and (2) to determine mechanisms under-
lying this variability, with the goal of improving therapy with available
drugs as well as pointing to new drug mechanisms that may be effec-
tive in the treatment of human disease. The first steps in the discipline
were empirical descriptions of the influence of disease X on drug ac-
tion Y or of individuals or families with unusual sensitivities to adverse
drug effects. These important descriptive findings are now being re-
placed by an understanding of the molecular mechanisms underlying
variability in drug actions. Thus, the effects of disease, drug coadmin-
istration, or familial factors in modulating drug action can now be
reinterpreted as variability in expression or function of specific genes
whose products determine pharmacokinetics and pharmacodynamics.
Nevertheless, it is the personal interaction of the patient with the phy-
sician or other health care provider that first identifies unusual varia-
bility in drug actions; maintained alertness to unusual drug responses
continues to be a key component of improving drug safety.

Unusual drug responses, segregating in families, have been rec-
ognized for decades and initially defined the field of pharmacogenet-
ics. Now, with an increasing appreciation of common polymorphisms
across the human genome, comes the opportunity to reinterpret de-

scriptive mechanisms of variability in drug action as a consequence of
specific DNA polymorphisms, or sets of DNA polymorphisms, among
individuals. This approach defines the nascent field of pharmacogen-
omics, which may hold the opportunity of allowing practitioners to
integrate a molecular understanding of the basis of disease with an
individual’s genomic makeup to prescribe personalized, highly effec-
tive, and safe therapies.

INDICATIONS FOR DRUG THERAPY It is self-evident that the benefits of
drug therapy should outweigh the risks. Benefits fall into two broad
categories: those designed to alleviate a symptom, and those designed
to prolong useful life. An increasing emphasis on the principles of
evidence-based medicine and techniques such as large clinical trials
and meta-analyses have defined benefits of drug therapy in specific
patient subgroups. Establishing the balance between risk and benefit
is not always simple: for example, therapies that provide symptomatic
benefits but shorten life may be entertained in patients with serious
and highly symptomatic diseases such as heart failure or cancer. These
decisions illustrate the continuing highly personal nature of the rela-
tionship between the prescriber and the patient.

Some adverse effects are so common, and so readily associated
with drug therapy, that they are identified very early during clinical
use of a drug. On the other hand, serious adverse effects may be suf-
ficiently uncommon that they escape detection for many years after a
drug begins to be widely used. The issue of how to identify rare but
serious adverse effects (that can profoundly affect the benefit-risk per-
ception in an individual patient) has not been satisfactorily resolved.
Potential approaches range from an increased understanding of the
molecular and genetic basis of variability in drug actions to expanded
postmarketing surveillance mechanisms. None of these have been
completely effective, so practitioners must be continuously vigilant to
the possibility that unusual symptoms may be related to specific drugs,
or combinations of drugs, that their patients receive.

Beneficial and adverse reactions to drug therapy can be described
by a series of dose-response relations (Fig. 3-1). Well-tolerated drugs
demonstrate a wide margin, termed the therapeutic ratio, therapeutic
index, or therapeutic window, between the doses required to produce
a therapeutic effect and those producing toxicity. In cases where there
is a similar relationship between plasma drug concentration and ef-
fects, monitoring plasma concentrations can be a highly effective aid
in managing drug therapy, by enabling concentrations to be maintained
above the minimum required to produce an effect and below the con-
centration range likely to produce toxicity. Such monitoring has been
most widely used to guide therapy with specific agents, such as certain
antiarrhythmics, anticonvulsants, and antibiotics. Many of the princi-
ples in clinical pharmacology and examples outlined below—that can
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FIGURE 3-1 The concept of a therapeutic ratio. Each panel illustrates the relationship
between increasing dose and cumulative probability of a desired or adverse drug effect.
Top. A drug with a wide therapeutic ratio, i.e., a wide separation of the two curves.
Bottom A drug with a narrow therapeutic ratio; here, the likelihood of adverse effects
at therapeutic doses is increased hecause the curves are not well separated. Further,
a steep dose-response curve for adverse effects is especially undesirable, as it implies
that even small dosage increments may sharply increase the likelihood of toxicity.
When there is a definable relationship between drug concentration (usually measured
in plasma) and desirable and adverse effect curves, concentration may he substituted
on the abscissa. Note that not all patients necessarily demonstrate a therapeutic re-
sponse (or adverse effect) at any dose, and that some effects (notably some adverse
effects) may occur in a dose-independent fashion.

be applied broadly to therapeutics—have been developed in these
arenas.

PRINCIPLES OF PHARMACOKINETICS

The processes of absorption, distribution, metabolism, and elimina-
tion—collectively termed drug disposition—determine the concen-
tration of drug delivered to target effector molecules. Mathematical
analysis of these processes can define specific, and clinically useful,
parameters that describe drug disposition. This approach allows pre-
diction of how factors such as disease, concomitant drug therapy, or
genetic variants affect these parameters, and how dosages therefore
should be adjusted. In this way, the chances of undertreatment due to
low drug concentrations or adverse effects due to high drug concen-
trations can be minimized.

BIOAVAILABILITY When a drug is administered intravenously, each drug
molecule is by definition available to the systemic circulation. How-
ever, drugs are often administered by other routes, such as orally,
subcutaneously, intramuscularly, rectally, sublingually, or directly into
desired sites of action. With these other routes, the amount of drug
actually entering the systemic circulation may be less than with the
intravenous route. The fraction of drug available to the systemic cir-
culation by other routes is termed bioavailability. Bioavailability may
be <100% for two reasons: (1) absorption is reduced, or (2) the drug
undergoes metabolism or elimination prior to entering the systemic
circulation. Bioavailability (F) is defined as the area under the time-
concentration curve (AUC) after a drug dose, divided by AUC after
the same dose intravenously (Fig. 3-2A).

Absorption Drug administration by nonintravenous routes often in-
volves an absorption process characterized by the plasma level in-
creasing to a maximum value at some time after administration and
then declining as the rate of drug elimination exceeds the rate of ab-
sorption (Fig. 3-2A). Thus, the peak concentration is lower and occurs
later than after the same dose given by rapid intravenous injection.
The extent of absorption may be reduced because a drug is incom-
pletely released from its dosage form, undergoes destruction at its site
of administration, or has physicochemical properties such as insolu-
bility that prevent complete absorption from its site of administration.

The rate of absorption can be an important consideration for de-
termining a dosage regimen, especially for drugs with a narrow ther-
apeutic ratio. If absorption is too rapid, then the resulting high
concentration may cause adverse effects not observed with a more
slowly absorbed formulation. At the other extreme, slow absorption is
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FIGURE 3-2 Idealized time-plasma concentration curves after a single dose of drug.

A. The time course of drug concentration after an instantaneous intravenous (V) bolus
or an oral dose in the one-compartment model shown. The area under the time-
concentration curve is clearly less with the oral drug than the 1V, indicating incomplete
bioavailability. Note that despite this incomplete bioavailability, concentration after the
oral dose can be higher than after the IV dose at some time points. The inset shows
that the decline of concentrations over time is linear on a log-linear plot, characteristic
of first-order elimination, and that oral and IV drug have the same elimination (parallel)
time course. B. The decline of central compartment concentration when drug is both
distributed to and from a peripheral compartment and eliminated from the central
compartment. The rapid initial decline of concentration reflects not drug elimination
but distribution.

deliberately designed into “slow-release” or “sustained-release” drug
formulations in order to minimize variation in plasma concentrations
during the interval between doses, because the drug’s rate of elimi-
nation is offset by an equivalent rate of absorption controlled by for-
mulation factors (Fig. 3-3).

Presystemic Metabolism or Elimination When a drug is administered
orally, it must transverse the intestinal epithelium, the portal venous
system, and the liver prior to entering the systemic circulation (Fig. 3-
4). At each of these sites, drug availability may be reduced; this mech-
anism of reduction of systemic availability is termed presystemic elim-
ination, or first-pass elimination, and its efficiency assessed as
extraction ratio. Uptake into the enterocyte is a combination of passive
and active processes, the latter mediated by specific drug uptake trans-
port molecules. Once a drug enters the enterocyte, it may undergo
metabolism, be transported into the portal vein, or undergo excretion
back into the intestinal lumen. Both excretion into the intestinal lumen
and metabolism decrease systemic bioavailability. Once a drug passes
this enterocyte barrier, it may also undergo uptake (again often by
specific uptake transporters such as the organic cation transporter or
organic anion transporter) into the hepatocyte, where bioavailability
can be further limited by metabolism or excretion into the bile.

The drug transport molecule that has been most widely studied is

Concentration —>

Time —>

FIGURE 3-3  Concentration excursions between doses at steady state as a function
of dosing frequency. With less frequent dosing (blue), excursions are larger; this is
acceptable for a wide therapeutic ratio drug (Fig. 3-1). For narrower therapeutic ratio
drugs, more frequent dosing (red) may he necessary to avoid toxicity and maintain
efficacy. Another approach is use of a sustained-release formulation (black) that in
theory results in very small excursions even with infrequent dosing.
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FIGURE 3-4 Mechanism of presystemic clearance. After drug enters the enterocyte, it
can undergo metaholism, excretion into the intestinal lumen, or transport into the portal
vein. Similarly, the hepatocyte may accomplish metabolism and biliary excretion prior to the
entry of drug and metaholites to the systemic circulation. [Adapted by permission from DM
Roden, in DP Zipes, J Jalife (eds): Cardiac Electrophysiology: From Cell to Bedside, 4th ed.
Philadelphia, Saunders, 2003. Copyright 2003 with permission from Elsevier.]

P-glycoprotein, the product of the normal expression of the MDRI
gene. P-glycoprotein is expressed on the apical aspect of the enterocyte
and on the canalicular aspect of the hepatocyte (Fig. 3-4); in both
locations, it serves as an efflux pump, thus limiting availability of drug
to the systemic circulation.

Most drug metabolism takes place in the liver, although the en-
zymes accomplishing drug metabolism may be expressed, and hence
drug metabolism may take place, in multiple other sites, including
kidney, intestinal epithelium, lung, and plasma. Drug metabolism is
generally conceptualized as “phase I,” which generally results in more
polar metabolites that are more readily excreted, and “phase II,” during
which specific endogenous compounds are conjugated to the drugs or
their metabolites, again to enhance polarity and thus excretion. The
major process during phase I is drug oxidation, generally accomplished
by members of the cytochrome P450 (CYP) monooxygenase super-
family. CYPs that are especially important for drug metabolism (Table
3-1) include CYP3A4, CYP3A5, CYP2D6, CYP2C9, CYP2C19,
CYP1A2, and CYP2E]1, and each drug may be a substrate for one or
more of these enzymes. The enzymes that accomplish phase II reac-
tions include glucuronyl-, acetyl-, sulfo- and methyltransferases. Drug
metabolites may exert important pharmacologic activity, as discussed
further below.

Clinical Implications of Altered Bioavailahility Some drugs undergo near-
complete presystemic metabolism and thus cannot be administered
orally. Lidocaine is an example; the drug is well absorbed but under-
goes near-complete extraction in the liver, so only lidocaine metabo-
lites (which may be toxic) appear in the systemic circulation following
administration of the parent drug. Similarly, nitroglycerin cannot be
used orally because it is completely extracted prior to reaching the
systemic circulation. The drug is therefore used by the sublingual or
transdermal routes, which bypass presystemic metabolism.

Other drugs undergo very extensive presystemic metabolism but
can still be administered by the oral route, using much higher doses
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than those required intravenously. Thus, a typical intravenous dose of
verapamil would be 1 to 5 mg, compared to the usual single oral dose
of 40 to 120 mg. Even small variations in the presystemic elimination
of very highly extracted drugs such as propranolol or verapamil can
cause large interindividual variations in systemic availability and ef-
fect. Oral amiodarone is 35 to 50% bioavailable because of poor sol-
ubility. Therefore, prolonged administration of usual oral doses by the
intravenous route would be inappropriate. Administration of low-dose
aspirin can result in exposure of cyclooxygenase in platelets in the
portal vein to the drug, but systemic sparing because of first-pass de-
acylation in the liver. This is an example of presystemic metabolism
being exploited to therapeutic advantage.

FIRST-ORDER DISTRIBUTION AND ELIMINATION Most pharmacokinetic pro-
cesses are first order; i.e., the rate of the process depends on the amount
of drug present. In the simplest pharmacokinetic model (Fig. 3-24), a
drug bolus is administered instantaneously to a central compartment,
from which drug elimination occurs as a first-order process. The first-
order (concentration-dependent) nature of drug elimination leads di-
rectly to the relationship describing drug concentration (C) at any time
(1) following the bolus:

C = (dose/V,) - e-0®np)

where V., is the volume of the compartment into which drug is deliv-
ered and ¢, is elimination half-life. As a consequence of this relation-
ship, a plot of the logarithm of concentration vs time is a straight line
(Fig. 3-2A, inset). Half-life is the time required for 50% of a first-order
process to be complete. Thus, 50% of drug elimination is accom-
plished after one drug elimination half-life; 75% after two; 87.5% after
three, etc. In practice, first-order processes such as elimination are
near-complete after four to five half-lives.

In some cases, drug is removed from the central compartment not
only by elimination but also by distribution into peripheral compart-
ments. In this case, the plot of plasma concentration vs time after a
bolus demonstrates two (or more) exponential components (Fig. 3-
2B). In general, the initial rapid drop in drug concentration represents
not elimination but drug distribution into and out of peripheral tissues
(also first-order processes), while the slower component represents
drug elimination; the initial precipitous decline is usually evident with
administration by intravenous but not other routes. Drug concentra-
tions at peripheral sites are determined by a balance between drug
distribution to and redistribution from peripheral sites, as well as by
elimination. Once the distribution process is near-complete (four to
five distribution half-lives), plasma and tissue concentrations decline
in parallel.

Clinical Implications of Half-Life Measurements The elimination half-life
not only determines the time required for drug concentrations to fall
to near-immeasurable levels after a single bolus, but it is the key de-
terminant of the time required for steady-state plasma concentrations
to be achieved after any change in drug dosing (Fig. 3-5). This applies
to the initiation of chronic drug therapy (whether by multiple oral
doses or by continuous intravenous infusion), a change in chronic drug
dose or dosing interval, or discontinuation of drug. When drug effect
parallels drug concentrations, the time required for a change in drug
dosing to achieve a new level of effect is therefore determined by the
elimination half-life.

During chronic drug administration, a point is reached at which the
amount of drug administered per unit time equals drug eliminated per
unit time, defining the steady state. With a continuous intravenous
infusion, plasma concentrations at steady state are stable, while with
chronic oral drug administration, plasma concentrations vary during
the dosing interval but the time-concentration profile between dosing
intervals is stable (Fig. 3-5).

DRUG DISTRIBUTION Distribution from central to peripheral sites, or
from extracellular to intracellular sites, can be accomplished by pas-
sive mechanisms such as diffusion or by specific drug transport mech-



dose and effect. A loading dose

can be estimated from the desired

TABLE 3-1 Molecular Pathways Mediating Drug Disposition®

Molecule Substrates* Inhibitors*

CYP3A Calcium channel blockers; Amiodarone; ketoconazole;
antiarrhythmics (lidocaine, itraconazole; erythromycin,
quinidine, mexiletine); HMG-CoA clarithromycin; ritonavir
reductase inhibitors (“statins”; see
text); cyclosporine, tacrolimus;
indinavir, saquinavir, ritonavir

CYP2D6” Timolol, metoprolol, carvedilol; Quinidine (even at ultralow doses);
phenformin; codeine; propafenone, tricyclic antidepressants; fluoxetine,
flecainide; tricyclic antidepressants; paroxetine
fluoxetine, paroxetine

CYP2C9? Warfarin; phenytoin; glipizide; Amiodarone; fluconazole; phenytoin
losartan

CYP2C19? Omeprazole; mephenytoin

Thiopurine S- 6-Mercaptopurine, azathioprine

methyltransferase”

N-acetyl transferase” Isoniazid; procainamide; hydralazine;
some sulfonamides

Irinotecan

Succinylcholine

Digoxin; HIV protease inhibitors;
many CYP3A substrates

UGTI1A1”?
Pseudocholinesterase”
P-glycoprotein

Quinidine; amiodarone; verapamil;

plasma level (C) and the apparent
volume of distribution (V):

Loading dose = C X V

Alternatively, the loading
amount required to achieve steady-
state plasma levels can also be
determined if the fraction of drug
eliminated during the dosing in-
terval and the maintenance dose
are known. For example, if the
fraction of digoxin eliminated
daily is 35% and the planned main-
tenance dose is 0.25 mg daily,
then the loading dose required to
achieve steady-state levels would
be (0.25/0.35) = 0.75 mg.

In congestive heart failure, the
central volume of distribution of
lidocaine is reduced. Therefore,
lower-than-normal loading regi-

cyclosporine; itraconazole;
erythromycin

@ A listing of CYP substrates, inhibitors, and inducers is maintained at http://medicine.iupui.edu/flockhart/clinlist.html.

? Clinically important genetics variants described.
¢ Inhibitors affect the molecular pathway and thus may affect substrate.

anisms that are only now being defined at the molecular level. Models
such as those shown in Fig. 3-2 allow derivation of a volume term for
each compartment. These volumes rarely have any correspondence to
actual physiologic volumes, such as plasma volume or total-body wa-
ter volume. For many drugs the central volume may be viewed con-
veniently as a site in rapid equilibrium with plasma. Central volumes
and volume of distribution at steady state can be used to estimate tissue
drug uptake and, in some cases, to adjust drug dosage in disease. In a
typical 70-kg human, plasma volume is ~3 L, blood volume is ~5.5
L, and extracellular water outside the vasculature is ~42 L. The vol-
ume of distribution of drugs extensively bound to plasma proteins but
not to tissue components approaches plasma volume; warfarin is an
example. However, for most drugs, the volume of distribution is far
greater than any physiologic space. For example, the volume of dis-
tribution of digoxin and tricyclic antidepressants is hundreds of liters,
obviously exceeding total-body volume. This indicates that these drugs
are largely distributed outside the vascular system, and the proportion
of the drug present in the plasma compartment is low. As a conse-
quence, such drugs are not readily removed by dialysis, an important
consideration in overdose.

Clinical Implications of Drug Distribution Digoxin accesses its cardiac site
of action slowly, over a distribution phase of several hours. Thus after
an intravenous dose, plasma levels fall but those at the site of action
increase over hours. Only when distribution is near-complete does the
concentration of digoxin in plasma reflect pharmacologic effect. For
this reason, there should be a 6- to 8-h wait after administration before
plasma levels of digoxin are measured as a guide to therapy.

Animal models have suggested, and clinical studies are confirming,
that limited drug penetration into the brain, the “blood-brain barrier,”
often represents a robust P-glycoprotein-mediated efflux process from
capillary endothelial cells in the cerebral circulation. Thus drug dis-
tribution into the brain may be modulated by changes in P-glycopro-
tein function.

LOADING DOSES  For some drugs, the indication may be so urgent that
the time required to achieve steady-state concentrations may be too
long. Under these conditions, administration of “loading” dosages may
result in more rapid elevations of drug concentration to achieve ther-
apeutic effects earlier than with chronic maintenance therapy (Fig. 3-
5). Nevertheless, the time required for true steady state to be achieved
is still determined only by elimination half-life. This strategy is only
appropriate for drugs exhibiting a defined relationship between drug

mens are required to achieve
equivalent plasma drug concen-
trations and to avoid toxicity.

RATE OF INTRAVENOUS ADMINISTRATION — Although the simulations in Fig. 3-
2 use a single intravenous bolus, this is very rarely appropriate in
practice because side effects related to transiently very high concen-
trations can result. Rather, drugs are more usually administered orally
or as a slower intravenous infusion. Thus, administration of a full
loading dose of lidocaine (3 to 4 mg/kg) as a single bolus often results
transiently in very high concentrations, with a risk of adverse effects
such as seizures. Since the distribution half-life of the drug is 8 min,
a more appropriate loading regimen is the same dose, administered as
two to four divided boluses every 8 min, or a rapid infusion (e.g., 10
mg/min for 20 min).

Some drugs are so predictably lethal when infused too rapidly that
special precautions should be taken to prevent accidental boluses. For
example, solutions of potassium for intravenous administration >20
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FIGURE 3-5  Drug accumulation to steady state. In this simulation, drug was administered

(arrows) at intervals = 50% of the elimination half-life. Steady state is achieved during
initiation of therapy after ~5 elimination half-lives, or 10 doses. A loading dose did not
alter the eventual steady state achieved. A doubling of the dose resulted in a doubling of
the steady state but the same time course of accumulation. Once steady state is achieved,
a change in dose (increase, decrease, or drug discontinuation) results in a new steady state
in ~5 elimination half-lives. [Adapted by permission from DM Roden, in DP Zipes, J Jalife
(eds): Cardiac Electrophysiology: From Cell to Bedside, 4th ed. Philadelphia, Saunders, 2003.
Copyright 2003 with permission from Elsevier.]



meq/L should be avoided in all but the most exceptional and carefully
monitored circumstances. This minimizes the possibility of cardiac
arrest, which can occur as a result of accidental increases in infusion
rates of more concentrated solutions.

Procainamide, which is almost totally absorbed after oral admin-
istration, can be given orally as a single 1000-mg loading dose with
little risk of hypotension. However, administration by the intravenous
route is more safely accomplished by giving the dose in fractions of
about 100 mg at 5-min intervals or, more conveniently, as a 20-mg/
min infusion over 50 min to avoid hypotension during the distribution
phase.

As these examples illustrate, excessively rapid administration of
many drugs can lead to catastrophic consequences that result from high
concentrations in the blood during the distribution phase. In contrast,
for some centrally active drugs, the higher concentration of drug dur-
ing the distribution phase after intravenous administration is used to
advantage. The use of midazolam for intravenous sedation, for ex-
ample, depends upon its rapid uptake by the brain during the distri-
bution phase to produce sedation quickly, with subsequent egress from
the brain during the redistribution of the drug as equilibrium is
achieved.

Similarly, adenosine must be administered as a rapid bolus in the
treatment of reentrant supraventricular tachycardias (Chap. 214), to
prevent elimination by very rapid (¢, of seconds) uptake into eryth-
rocytes and endothelial cells before the drug can reach its clinical site
of action, the atrioventricular node.

PLASMA PROTEIN BINDING Many drugs circulate in the plasma partly
bound to plasma proteins. Since only unbound (free) drug can distrib-
ute to sites of pharmacologic action, drug response is related to the
free rather than the total circulating plasma drug concentration. In most
cases, the degree of binding is fairly constant across the therapeutic
concentration range; in this case, when plasma drug concentration is
used to adjust doses, total levels in plasma can be used without re-
sulting in significant error.

Clinical Implications of Altered Protein Binding For drugs that are normally
highly bound to plasma proteins (>90%), small changes in the extent
of binding (e.g., due to disease) produce a large change in the amount
of unbound drug, and hence drug effect. The acute-phase reactant -
acid glycoprotein binds to basic drugs, such as lidocaine or quinidine,
and is increased in a range of common conditions, including myocar-
dial infarction, surgery, neoplastic disease, theumatoid arthritis, and
burns. This increased binding can lead to reduced pharmacologic ef-
fects at therapeutic concentrations of total drug. Conversely, condi-
tions such as hypoalbuminemia, liver disease, and renal disease can
decrease the extent of drug binding, particularly of acidic and neutral
drugs, such as phenytoin. Here, plasma concentration of free drug is
increased, so drug efficacy and toxicity are enhanced if total (free +
bound) drug is used to monitor therapy.

CLEARANCE When drug is eliminated from the body, the amount of
drug in the body declines over time. An important concept in quanti-
fying this reduction is to consider that drug concentration at the be-
ginning and end of a time period are unchanged, and that a specific
volume of the body has been “cleared” of the drug during that time
period. This defines clearance as volume/time. Clearance is a measure
of the efficiency of drug removal that encompasses both drug metab-
olism as well as drug excretion.

Clinical Implications of Altered Clearance M ADJUSTING DRUG DOSAGES While
elimination half-life determines the time required to achieve steady-
state plasma concentrations (Cl,), the magnitude of that steady state is
determined by clearance (C/) and dose alone. For a drug administered
as an intravenous infusion, this relationship is

C,, = dosing rate/C! or dosing rate = CI X Cg

When drug is administered orally, the average plasma concentra-
tion within a dosing interval (C,,,,) replaces C, and bioavailability
(F) must be included:
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F X dosing rate = Cl X Cyyg

Genetic variants, drug interactions, or diseases that reduce the ac-
tivity of drug-metabolizing enzymes or excretory mechanisms may
lead to decreased clearance and hence a requirement for downward
dose adjustment to avoid toxicity. Genetic variants may reduce ex-
pression of CYPs (or other drug-metabolizing enzymes) or may result
in normal expression of enzymes that have reduced function; in either
case, dose requirements may need to be reduced. Conversely, some
drug interactions and genetic variants increase CYP expression, and
hence increased drug dosage may be necessary to maintain a thera-
peutic effect.

Clearance varies among drugs but is constant for most drugs over
the therapeutic range of concentrations. In some cases, elimination
becomes saturated at high doses, and the process then occurs at a fixed
amount per unit time (zero order). With such nonlinear elimination
kinetics, an increase in drug dosage is followed by a disproportionate
rise in drug concentration, which can carry a risk of toxicity. Drugs
that undergo zero-order elimination at therapeutic dosages include
phenytoin, theophylline, and ethanol. Monitoring plasma concentra-
tions of these agents is an indispensable guide to adjusting dose.

THE CONCEPT OF HIGH-RISK PHARMACOKINETICS Many drugs undergo elimi-
nation by multiple drug-metabolizing or excretory pathways. In this
case, absence of one pathway (due to a genetic variant or drug inter-
action) may not have a large impact on drug concentrations or drug
actions. However, other drugs utilize a single pathway exclusively for
drug elimination. Under this scenario, any condition that inhibits that
pathway (be it disease-related, genetic, or due to a drug interaction)
can lead to dramatic changes in drug concentrations and hence effect.
Examples of this phenomenon are discussed further below and include
digoxin toxicity when P-glycoprotein, the major route of digoxin elim-
ination, is inhibited and potentially fatal bone marrow aplasia due to
azathioprine or 6-mercaptopurine in patients with genetically deter-
mined absence of function of thiopurine S-methyltransferase (TPMT).
A dual-pathway example is the antiarrhythmic flecainide, which is
eliminated by both renal excretion and CYP2D6-mediated metabo-
lism. Rare patients with both renal dysfunction and absent CYP2D6
activity (on a genetic basis or because of drug interactions) may de-
velop severe adverse reactions related to high plasma concentrations.

ACTIVE DRUG METABOLITES A major role of drug metabolism is gener-
ation of more polar compounds that then readily undergo renal or
biliary excretion. From an evolutionary point of view, drug metabo-
lism probably developed as a defense against noxious xenobiotics (for-
eign substances, e.g., from plants) to which our ancestors inadvertently
exposed themselves. The organization of the drug uptake and efflux
pumps, and the location of drug metabolism in the intestine and liver
prior to drug entry to the systemic circulation (Fig. 3-4), support this
idea of a primitive protective function.

However, drug metabolites are not necessarily pharmacologically
inactive. Metabolites may produce effects similar to, overlapping with,
or distinct from those of the parent drug. For example, N-acetyl-
procainamide (NAPA) is a major metabolite of the antiarrhythmic
procainamide. While it exerts antiarrhythmic effects, its electrophys-
iologic properties differ from those of the parent drug. Indeed, NAPA
accumulation is the usual explanation for marked QT prolongation and
torsades de pointes ventricular tachycardia (Chap. 214) during therapy
with procainamide. Thus, the common laboratory practice of adding
procainamide to NAPA concentrations to estimate a total therapeutic
effect is inappropriate.

Some drugs are administered in an inactive form and require me-
tabolism to generate active metabolites that mediate the drug effects.
Examples include many angiotensin-converting enzyme (ACE) inhib-
itors and the analgesic codeine (whose active metabolite morphine
probably underlies the opioid effect during codeine administration).
Codeine and procainamide metabolism are also variable on a genetic
basis, further contributing to variability in drug effects. Drug metab-
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olism has also been implicated in bioactivation of procarcinogens and
in generation of reactive metabolites that mediate certain adverse drug
effects (e.g., acetaminophen hepatotoxicity, discussed below).

PRINCIPLES OF PHARMACODYNAMICS

Once a drug accesses a molecular site of action, it alters the function
of that molecular target, with the ultimate result of a drug effect that
the patient or physician can perceive. For drugs used in the urgent
treatment of acute symptoms, little or no delay is anticipated (or de-
sired) between the drug-target interaction and the development of a
clinical effect. Examples include vascular thrombosis, shock, malig-
nant hypertension, status epilepticus, or arrhythmias. For many con-
ditions, however, the indication for therapy is less urgent, and in fact
a delay between the interaction of a drug with its pharmacologic tar-
get(s) and a clinical effect is common. Pharmacokinetic mechanisms
that can contribute to such a delay include uptake into peripheral com-
partments or generation and accumulation of active metabolites. A
common pharmacodynamic mechanism is that the clinical effect de-
velops as a downstream consequence of the initial molecular effect the
drug produces. Thus, administration of a proton-pump inhibitor or an
H,-receptor blocker produces an immediate increase in gastric pH but
ulcer healing that is delayed. Cancer chemotherapy inevitably pro-
duces delayed therapeutic effects, often long after drug is undetectable
in plasma and tissue. Translation of a molecular drug action to a clin-
ical effect can thus be highly complex and dependent on the details of
the pathologic state being treated. These complexities have made phar-
macodynamics and its variability less amenable than pharmacokinetics
to rigorous mathematical analysis. Nevertheless, some clinically im-
portant principles can be elucidated.

A therapeutic drug effect assumes the presence of underlying path-
ophysiology. Thus, a drug may produce no action, or a different spec-
trum of actions, in unaffected individuals compared to patients.
Further, concomitant disease can complicate interpretation of response
to drug therapy, especially adverse effects. For example, increasing
dyspnea in a patient with chronic lung disease receiving amiodarone
therapy could be due to drug, underlying disease, or an intercurrent
cardiopulmonary problem. Thus the presence of chronic lung disease,
and interpretation of the symptom of increasing dyspnea, is one factor
that should be considered in selection of antiarrhythmic therapies. Sim-
ilarly, high doses of anticonvulsants such as phenytoin may cause
neurologic symptoms, which may be confused with the underlying
neurologic disease.

The concept that a drug interacts with a specific molecular receptor
does not imply that the drug effect will be constant over time, even if
stable drug and metabolite concentrations are maintained. The drug-
receptor interaction occurs in a complex biologic milieu that itself can
vary to modulate the drug effect. For example, ion channel blockade
by drugs, an important anticonvulsant and antiarrhythmic effect, is
often modulated by membrane potential, itself a function of factors
such as extracellular potassium or ischemia. Thus, the effects of these
drugs may vary depending on the external milieu. Receptors may be
up- or downregulated by disease or by the drug itself. For example,
B-adrenergic blockers upregulate B-receptor density during chronic
therapy. While this effect does not usually result in resistance to the
therapeutic effect of the drugs, it may produce severe 3 agonist—me-
diated effects (such as hypertension or tachycardia) if the blocking
drug is abruptly withdrawn.

PRINCIPLES OF DOSE SELECTION

The desired goal of therapy with any drug is to maximize the likeli-
hood of a beneficial effect while minimizing the risk of adverse effects.
Previous experience with the drug, in controlled clinical trials or in
postmarketing use, defines the relationships between dose (or plasma
concentration) and these dual effects and provides a starting point for
initiation of drug therapy.

Figure 3-1 illustrates the relationships among dose, plasma con-

centrations, efficacy, and adverse effects and carries with it several
important implications:

1. The target drug effect should be defined when drug treatment
is started. With some drugs, the desired effect may be difficult to
measure objectively, and the onset of efficacy can be delayed for weeks
or months; drugs used in the treatment of cancer and psychiatric dis-
ease are examples. Sometimes, a drug is used to treat a symptom, such
as pain or palpitations, and here it is the patient who will report
whether the selected dose is effective. In yet other settings, such as
anticoagulation or hypertension, the desired response is readily mea-
surable.

2. The nature of anticipated toxicity often dictates the starting
dose. If side effects are minor, it may be acceptable to start at a dose
highly likely to achieve efficacy and downtitrate if side effects occur.
However, this approach is rarely if ever justified if the anticipated
toxicity is serious or life-threatening; in this circumstance, it is more
appropriate to initiate therapy with the lowest dose that may produce
a desired effect.

3. The above considerations do not apply if these relationships
between dose and effects cannot be defined. This is especially relevant
to some adverse drug effects (discussed in further detail below) whose
development is not readily related to drug dose.

4. If a drug dose does not achieve its desired effect, a dosage
increase is justified only if toxicity is absent and the likelihood of
serious toxicity is small. For example, a small percentage of patients
with strong seizure foci require plasma levels of phenytoin >20 ug/
mL to control seizures. Dosages to achieve this effect may be appro-
priate, if tolerated. Conversely, clinical experience with flecainide
suggests that levels >1000 ng/mL, or dosages >400 mg/d, may be
associated with an increased risk of sudden death; thus dosage in-
creases beyond these limits are ordinarily not appropriate, even if the
higher dosage appears tolerated.

Other mechanisms that can lead to failure of drug effect should
also be considered; drug interactions and noncompliance are common
examples. This is one situation in which measurement of plasma drug
concentrations, if available, can be especially useful. Noncompliance
is an especially frequent problem in the long-term treatment of diseases
such as hypertension and epilepsy, occurring in =25% of patients in
therapeutic environments in which no special effort is made to involve
patients in the responsibility for their own health. Multidrug regimens
with multiple doses per day are especially prone to noncompliance.

Monitoring response to therapy, by physiologic measures or by
plasma concentration measurements, requires an understanding of the
relationships between plasma concentration and anticipated effects.
For example, measurement of QT interval is used during treatment
with sotalol or dofetilide to avoid marked QT prolongation that can
herald serious arrhythmias. In this setting, evaluating the electrocar-
diogram at the time of anticipated peak plasma concentration and ef-
fect (e.g., 1 to 2 h postdose at steady state) is most appropriate.
Maintained high aminoglycoside levels carry a risk of nephrotoxicity,
so dosages should be adjusted on the basis of plasma concentrations
measured at trough (predose). On the other hand, ensuring aminogly-
coside efficacy is accomplished by adjusting dosage so that peak drug
concentrations are above a minimal antibacterial concentration. For
dose adjustment of other drugs (e.g., anticonvulsants, antiarrhythmics),
concentration should be measured at its lowest during the dosing in-
terval, just prior to a dose at steady state (Fig. 3-5), to ensure a main-
tained therapeutic effect.

CONCENTRATION OF DRUGS IN PLASMA AS A GUIDE TO THERAPY Factors such
as interactions with other drugs, disease-induced alterations in elimi-
nation and distribution, and genetic variation in drug disposition com-
bine to yield a wide range of plasma levels in patients given the same
dose. Hence, if a predictable relationship can be established between
plasma drug concentration and beneficial or adverse drug effect, meas-
urement of plasma levels can provide a valuable tool to guide selection
of an optimal dose. This is particularly true when there is a narrow
range between the plasma levels yielding therapeutic and adverse ef-



fects, as with digoxin, theophylline, some antiarrhythmics, aminogly-
cosides, cyclosporine, and anticonvulsants. The common situation of
first-order elimination implies that average, maximum, and minimum
steady-state concentrations are related linearly to the dosing rate. Ac-
cordingly, the maintenance dose may be adjusted on the basis of the
ratio between the desired and measured concentrations at steady state;
for example if a doubling of the steady-state plasma concentration is
desired, the dose should be doubled.

For drugs that have zero-order kinetics (e.g., phenytoin and the-
ophylline), plasma concentrations change disproportionately more
than the alteration in the dosing rate. In this situation, changes in dose
should be small to minimize the degree of unpredictability, and plasma
concentration monitoring should be used to ensure that dose modifi-
cation achieves the desired level.

DETERMINATION OF MAINTENANCE DOSE  An increase in dosage is usually
best achieved by changing the drug dose but not the dosing interval,
e.g., by giving 200 mg every 8 h instead of 100 mg every 8 h. However,
this approach is acceptable only if the resulting maximum concentra-
tion is not toxic and the trough value does not fall below the minimum
effective concentration for an undesirable period of time. Alterna-
tively, the steady state may be changed by altering the frequency of
intermittent dosing but not the size of each dose. In this case, the
magnitude of the fluctuations around the average steady-state level will
change—the shorter the dosing interval, the smaller the difference
between peak and trough levels (Fig. 3-3).

Fluctuation within a dosing interval is determined by the relation-
ship between the dosing interval and the drug’s half-life. If the dosing
interval is equal to the drug’s half-life, fluctuation is about twofold,
which is usually acceptable. With drugs that have a low therapeutic
ratio, dosage changes should be conservative (<50% dose change) and
not more frequent than every three to four half-lives. Other drugs, such
as many antihypertensives, have little dose-related toxicity so the ther-
apeutic ratio is large. Even if drug is eliminated rapidly, it can be given
infrequently. Thus, 75 mg of captopril will result in reduced blood
pressure for up to 12 h, even though captopril elimination half-life is
about 2 h; this is because the dose raises the concentration of drug in
plasma many times higher than the threshold for its pharmacologic
effect.

EFFECTS OF DISEASE ON DRUG CONCENTRATION AND RESPONSE

RENAL DISEASE  Renal excretion of parent drug and metabolites is gen-
erally accomplished by glomerular filtration and by specific drug trans-
porters, only now being identified. If a drug or its metabolites are
primarily excreted through the kidneys and increased drug levels are
associated with adverse effects, drug dosages must be reduced in pa-
tients with renal dysfunction to avoid toxicity. The antiarrhythmics
dofetilide and sotalol undergo predominant renal excretion and carry
a risk of QT prolongation and arrhythmias if doses are not reduced in
renal disease. Thus, in end-stage renal disease, sotalol can be given as
40 mg after dialysis (every second day), compared to the usual daily
dose, 80 to 120 mg every 12 h. The narcotic analgesic meperidine
undergoes extensive hepatic metabolism, so that renal failure has little
effect on its plasma concentration. However, its metabolite, norme-
peridine, does undergo renal excretion, accumulates in renal failure,
and probably accounts for the signs of central nervous system exci-
tation, such as irritability, twitching, and seizures, that appear when
multiple doses of meperidine are administered to patients with renal
disease. Protein binding of some drugs (e.g., phenytoin) may be altered
in uremia, so measuring free drug concentration may be desirable.

In non-end-stage renal disease, changes in renal drug clearance are
generally proportional to those in creatinine clearance, which may be
measured directly or estimated from the serum creatinine (Chap. 259).
This estimate, coupled with the knowledge of how much drug is nor-
mally excreted renally vs nonrenally, allows an estimate of the dose
adjustment required. In practice, most decisions involving dosing ad-
justment in patients with renal failure use published recommended
adjustments in dosage or dosing interval based on the severity of renal
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dysfunction indicated by creatinine clearance. Any such modification
of dose is a first approximation and should be followed by plasma
concentration data (if available) and clinical observation to further
optimize therapy for the individual patient.

LIVER DISEASE In contrast to the predictable decline in renal clearance
of drugs in renal insufficiency, the effects of hepatitis or cirrhosis on
drug disposition range from impaired to increased drug clearance, in
an unpredictable fashion. Standard tests of liver function are not useful
in adjusting doses. First-pass metabolism may decrease, and thus oral
bioavailability increase, as a consequence of disrupted hepatocyte
function, altered liver architecture, and portacaval shunts. The oral
availability for high-first-pass drugs such as morphine, meperidine,
midazolam, and nifedipine is almost doubled in patients with cirrhosis,
compared to those with normal liver function. Therefore, the size of
the oral dose of such drugs should be reduced in this setting.

HEART FAILURE AND SHOCK Under conditions of decreased tissue per-
fusion, the cardiac output is redistributed to preserve blood flow to the
heart and brain at the expense of other tissues (Chap. 216). As a result,
drugs may be distributed into a smaller volume of distribution, higher
drug concentrations will be present in the plasma, and the tissues that
are best perfused (the brain and heart) will be exposed to these higher
concentrations. If either the brain or heart is sensitive to the drug, an
alteration in response will occur. As well, decreased perfusion of the
kidney and liver may impair drug clearance. Thus, in severe congestive
heart failure, in hemorrhagic shock, and in cardiogenic shock, response
to usual drug doses may be excessive, and dosage reduction may be
necessary. For example, the clearance of lidocaine is reduced by about
50% in heart failure, and therapeutic plasma levels are achieved at
infusion rates only about half those usually required. The volume of
distribution of lidocaine is also reduced, so loading regimens should
be reduced.

DRUG USE IN THE ELDERLY Aging results in changes in organ function,
especially of the organs involved in drug disposition. Therefore, phar-
macokinetics are often different in elderly individuals than in younger
adults. In the elderly, multiple pathologies and medications used to
treat them result in more drug interactions and adverse effects.

Even in the absence of kidney disease, renal clearance may be
reduced by 35 to 50% in elderly patients. Dosage adjustments are
therefore necessary for drugs that are eliminated mainly by the kid-
neys. Because muscle mass and therefore creatinine production are
reduced in older individuals, a normal serum creatinine concentration
can be present even though creatinine clearance is impaired; dosages
should be adjusted on the basis of creatinine clearance, as discussed
above. Aging also results in a decrease in the size of and blood flow
to the liver and possibly in the activity of hepatic drug-metabolizing
enzymes; accordingly, the hepatic clearance of some drugs is impaired
in the elderly. As with liver disease, these changes are not readily
predicted.

Elderly patients may display altered drug sensitivity. Examples in-
clude increased analgesic effects of opioids, increased sedation from
benzodiazepines and other CNS depressants, and increased risk of
bleeding while receiving anticoagulant therapy, even when clotting
parameters are well controlled. Exaggerated responses to cardiovas-
cular drugs are also common because of the impaired responsiveness
of normal homeostatic mechanisms. Conversely, the elderly display
decreased sensitivity to B-adrenergic receptor blockers.

Adverse drug reactions are especially common in the elderly,
because of altered pharmacokinetics and pharmacodynamics, the fre-
quent use of multidrug regimens, and concomitant disease. For ex-
ample, use of long half-life benzodiazepines is linked to the occurrence
of hip fractures in elderly patients, perhaps reflecting both a risk of
falls from these drugs (due to increased sedation) and the increased
incidence of osteoporosis in elderly patients. In population surveys of
the noninstitutionalized elderly, as many as 10% had at least one ad-
verse drug reaction in the previous year.
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Accordingly, optimization of drug therapy in the elderly, particu-
larly in frail patients, is often difficult, as these multiple factors ac-
centuate interindividual variability in drug response. Initial doses
should be less than the usual adult dosage and should be increased
slowly. The number of medications, and doses per day, should be kept
as low as possible.

GENETIC DETERMINANTS OF THE RESPONSE TO DRUGS

PRINCIPLES OF GENETIC VARIATION AND HUMAN TRAITS (See also Chap. 58)
Variants in the human genome resulting in variation in level of ex-
pression or function of molecules important for pharmacokinetics and
pharmacodynamics are increasingly recognized. These may be muta-
tions (very rare variants, often associated with disease) or polymor-
phisms, variants that are much more common in a population. Variants
may occur at a single nucleotide or involve insertion or deletion of
one or more nucleotides. They may be in the exons (coding regions)
or introns. Exonic polymorphisms may or may not alter the encoded
protein, and variant proteins may or may not display altered function.
Similarly, polymorphisms in intronic regions (including those that reg-
ulate gene expression) may or may not alter protein level.

As variation in the human genome is increasingly well docu-
mented, associations are being described between polymorphisms and
various traits (including response to drug therapy). Some of these rely
on well-developed chains of evidence, including in vitro studies dem-
onstrating variant protein function, familial aggregation of variant al-
lele with the trait, and association studies in large populations. In other
cases, the associations are less compelling. Identifying “real” associ-
ations is one challenge that must be overcome before genomics, and
in particular the concept of genotyping to identify optimal drugs (or
dosages) in individual patients prior to prescribing, can be considered
for widespread clinical practice. Nevertheless, the appeal of this ap-
proach is considerable.

Rates of drug efficacy and adverse effects often vary among ethnic
groups. Many explanations for such differences are plausible; genomic
approaches have now established that functionally important variants
determining differences in drug response often display differing dis-
tributions among ethnic groups. This finding may have importance for
drug use among ethnic groups, as well as in drug development.

GENETICALLY DETERMINED DRUG DISPOSITION AND VARIABLE EFFECTS The
concept that genetically determined variations in drug metabolism
might be associated with variant drug levels, and hence effect, was
advanced at the end of the nineteenth century, and the first examples
of familial clustering of unusual drug responses due to this mechanism
were noted in the mid-twentieth century. Clinically important genetic
variants have been described in multiple molecular pathways of drug
disposition (Table 3-1). These variants are identified either by directly
establishing DNA sequence (genotyping) or by phenotyping: exposing
a large group of otherwise healthy subjects to a specific probe substrate
for the metabolizing enzyme under study and observing the distribu-
tion of activity (Fig. 3-6). A distinct multimodal distribution argues
for a predominant effect of variants in a single gene in the metabolism
of that substrate. Individuals with two alleles (variants) encoding for
nonfunctional protein make up one group, often termed poor meta-
bolizers (PM phenotype); many variants can produce such a loss of
function, complicating the use of genotyping in clinical practice. In-
dividuals with one functional allele make up a second (intermediate
metabolizers), and those with two functional alleles a third (extensive
metabolizers, EMs). On the other hand, a unimodal distribution of
activity argues against the presence of important single loss-of-func-
tion alleles in the population under study.

Transferase Variants ~ Of the variants in genes encoding drug-metaboliz-
ing enzymes that have been described to date, one, in the TPMT gene,
has been adopted as routine clinical practice in some specialized cen-
ters. TPMT bioinactivates the antileukemic drug 6-mercaptopurine.
Further, 6-mercaptopurine is itself an active metabolite of the immu-
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FIGURE 3-6 CYP2D6 metaholic activity was assessed in 290 subjects by administra-

tion of a test dose of a probe substrate and measurement of urinary formation of the
CYP2D6-generated metabolite. The heavy arrow indicates a clear antimode, separating
poor metabolizer subjects (black), with two loss-of-function CYP2D6 alleles. Individuals
with one or two functional alleles are grouped together as extensive metabolizers
(blue). Also shown are ultrarapid metabolizers, with 2 to 11 functional copies of the
gene (red) and 12 functional copies (green), displaying the greatest enzyme activity.
(Adapted by permission from M-L Dahl et al: | Pharmacol Exp Ther 274:516, 1995.)

nosuppressive azathioprine. Homozygotes for alleles encoding the
inactive TPMT (1 in 300 individuals) predictably exhibit severe and
potentially fatal pancytopenia on standard doses of azathioprine or 6-
mercaptopurine. On the other hand, homozygotes for fully functional
alleles may display less anti-inflammatory or antileukemic effect with
the drugs. These data illustrate the potential power of a genomic ap-
proach to optimize therapy, especially in the setting of high-risk phar-
macokinetics.

N-acetylation is catalyzed by hepatic N-acetyl transferase (NAT),
which actually represents the activity of two genes, NAT-/ and NAT-
2. Both enzymes transfer an acetyl group from acetyl coenzyme A to
the drug; NAT-1 activity is generally constant, while polymorphisms
in NAT-2 result in individual differences in the rate at which drugs are
acetylated and thus define “rapid acetylators” and “slow acetylators.”
Slow acetylators make up ~50% of European- and African-derived
populations but are less common among Asians.

Slow acetylators have an increased incidence of the drug-induced
lupus syndrome during procainamide and hydralazine therapy and of
hepatitis with isoniazid. Induction of CYPs (e.g., by rifampin) also
increases the risk of isoniazid-related hepatitis, likely reflecting gen-
eration of reactive metabolites of acetylhydrazine, itself an isoniazid
metabolite.

Polymorphisms that reduce transcription of uridine diphosphate
glucuronosyltransferase (UGT1AI) cause benign hyperbilirubinemia
(Gilbert’s disease; Chap. 284). These have also been associated with
diarrhea and increased bone marrow depression with the antineoplastic
irinotecan, whose active metabolite is normally detoxified by this
pathway.

CYP Variants CYP3A4 is the most abundant hepatic and intestinal CYP
and is also the enzyme responsible for metabolism of the greatest
number of drugs in therapeutic use. CYP3A4 activity is highly variable
(up to an order of magnitude) among individuals, but the distribution
is unimodal, suggesting that the variability does not arise from variants
in the CYP3A4 gene. The mechanisms underlying this variability are
not yet well understood. A closely related gene, encoding CYP3AS
(which shares substrates with CYP3A4), does display loss-of-function
variants, especially in African-derived populations. CYP3A refers to
both enzymes.

CYP2D6 accounts for very little total hepatic CYP by weight but
is second to CYP3A4 in the number of commonly used drugs that it
metabolizes. CYP2D6 is polymorphically distributed, with about 7%
of European- and African-derived populations (but very few Asians)
displaying the PM phenotype (Fig. 3-6). Over 70 loss-of-function var-
iants in the CYP2D6 gene have been described; the PM phenotype
arises in individuals with two such alleles. In addition, individuals with
multiple functional copies of the CYP2D6 gene (ultrarapid metabol-
izers) have been identified, particularly among northern Africans.
CYP2D6 represents the main metabolic pathway for a number of drugs



(Table 3-1). Codeine is biotransformed by CYP2D6 to the potent ac-
tive metabolite morphine, so its effects are blunted in PMs and ex-
aggerated in ultrarapid metabolizers. With beta blockers metabolized
by CYP2D6 (including ophthalmic timolol and the antiarrhythmic pro-
pafenone), PM subjects display greater signs of beta blockade (includ-
ing bradycardia and bronchospasm) than EMs. Further, in EM
subjects, propafenone elimination becomes nonlinear at higher doses
so, for example, a tripling of the dose may lead to a tenfold increase
in drug concentration. The oral hypoglycemic agent phenformin was
withdrawn because it occasionally caused profound lactic acidosis; this
likely arose as a result of high concentrations in CYP2D6 PMs. Ul-
trarapid metabolizers may require very high dosages of tricyclic an-
tidepressants to achieve a therapeutic effect, and with codeine may
display transient euphoria and nausea due to very rapid generation of
morphine.

The PM phenotype for CYP2C19 is common (20%) among Asians,
and rarer (3 to 5%) in European-derived populations. The impact of
polymorphic CYP2C19-mediated metabolism has been demonstrated
with the proton pump inhibitor omeprazole, where ulcer cure rates with
“standard” dosages were markedly lower in EM patients (29%) than
in PMs (100%). Thus, understanding the importance of this polymor-
phism would have been important in developing the drug, and know-
ing a patient’s CYP2C19 genotype should improve therapy.

There are common allelic variants of CYP2C9 that encode proteins
with loss of catalytic function. These variant alleles are associated with
a requirement for lower maintenance dose of warfarin. In rarer (<2%)
individuals homozygous for these variant alleles, maintenance war-
farin dosages may be difficult to establish, and the risk of bleeding
complications appears increased. Similarly, patients with loss-of-func-
tion CYP2C9 alleles display increased rates of neurologic complica-
tions with phenytoin and of hypoglycemia with glipizide.

VARIABILITY IN THE MOLECULAR TARGETS WITH WHICH DRUGS INTERACT As
molecular approaches identify specific gene products as targets of drug
action, polymorphisms that alter the expression or function of these
drug targets—and thus modulate their actions in patients—are also
being recognized. For example, genome-wide searches in families with
premature Alzheimer’s disease have associated variants in the APOE
locus with the disease (Chap. 350). The E4 allele of the gene has been
associated with a worse prognosis, a finding that has been attributed
to reduced expression of choline acetyltransferase. Further, this poly-
morphism is also linked to response to the acetylcholinesterase inhib-
itor tacrine; a beneficial response appears to be more common in
patients with the prognostically more benign APOE?2 or APOE3 alleles
(in which the target molecule is expressed more abundantly).

Multiple polymorphisms identified in the 3,-adrenergic receptor
appear to be linked to specific phenotypes in asthma and congestive
heart failure, diseases in which ,-receptor function might be expected
to determine prognosis. Polymorphisms in the [,-receptor gene have
also been associated with response to inhaled [,-receptor agonists,
while those in the B,-adrenergic receptor gene have been associated
with variability in heart rate slowing and blood pressure lowering.
Similarly, response to the 5-lipoxygenase inhibitor zileuton in asthma
has been linked to polymorphisms that determine the expression level
of the 5-lipoxygenase gene. Herceptin, which potentiates anthracyc-
line-related cardiotoxicity, is ineffective in breast cancers that do not
express the herceptin receptor; thus, “genotyping” the tumor is a mech-
anism to avoid potentially toxic therapy in patients who would derive
no benefit.

Drugs may also interact with genetic pathways of disease, to elicit
or exacerbate symptoms of the underlying conditions. In the porphyr-
ias, CYP inducers are thought to increase the activity of enzymes prox-
imal to the deficient enzyme, exacerbating or triggering attacks (Chap.
337). Deficiency of glucose-6-phosphate dehydrogenase (G6PD), most
often in individuals of African or Mediterranean descent, increases risk
of hemolytic anemia in response to primaquine and a number of other
drugs that do not cause hemolysis in patients with adequate quantities
of this enzyme (Chap. 93). Patients with mutations in the ryanodine
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receptor that controls intracellular calcium in skeletal muscle and other
tissues may be asymptomatic until exposed to certain general anes-
thetics, which trigger the syndrome of malignant hyperthermia. Certain
antiarrhythmics and other drugs can produce marked QT prolongation
and torsades de pointes (Chap. 214), and in some patients this adverse
effect represents unmasking of previously subclinical congenital long
QT syndrome.

POLYMORPHISMS THAT MODULATE THE BIOLOGIC CONTEXT WITHIN WHICH THE
DRUG-TARGET INTERACTIONS OCCUR The interaction of a drug with its
molecular target is translated into a clinical action in a complex bio-
logic milieu that is itself often perturbed by disease. Thus, polymor-
phisms that determine variability in this biology may profoundly
influence drug response, although the genes involved are not them-
selves directly targets of drug action. The common insertion/deletion
(I/D) polymorphism in the ACE gene determines prognosis in many
types of heart disease, including heart failure. In patients with heart
failure treated with B-adrenergic blockers, the best response to therapy
has been associated with the DD genotype, the group with the worst
prognosis. The mechanism underlying this outcome is uncertain, but
a direct effect of beta blockers on ACE seems unlikely; rather the I/D
genotype likely affects the biology of heart failure to allow an im-
proved response to beta blockers. Similarly, polymorphisms in genes
important for lipid homeostasis (such as the ABCA1 transporter and
the cholesterol ester transport protein) modulate response to HMG-
CoA reductase inhibitors. In one large study, the combination of di-
uretic use combined with a variant in the adducin gene (encoding a
cytoskeletal protein important for renal tubular sodium absorption)
decreased stroke or myocardial infarction risk, while neither factor
alone has an effect. Common polymorphisms in ion channel genes that
are not themselves the target of QT-prolonging drugs may nevertheless
influence the extent to which those drugs affect the electrocardiogram
and produce arrhythmias.

PROSPECTS FOR INCORPORATING GENETIC INFORMATION INTO CLINICAL PRACTICE
These and many other examples of associations between specific geno-
types and drug responses raise the tantalizing prospect that patients
will undergo routine genotyping for loci known to modulate drug lev-
els or response prior to receiving a prescription. The twin goals are to
identify patients likely to exhibit adverse effects and those most likely
to respond well. Obstacles that must be overcome before this vision
becomes a reality include replication of even the most compelling
associations, demonstrations of cost-effectiveness, development of
readily useable genotyping technologies, and ethical issues involved
in genotyping. While these barriers seem daunting, the field is very
young and evolving rapidly. Indeed, one major result of understanding
of the role of genetics in drug action has been improved screening of
drugs during the development process to reduce the likelihood of
highly variable metabolism or unanticipated toxicity (such as torsades
de pointes).

INTERACTIONS BETWEEN DRUGS

Drug interactions can complicate therapy by adversely increasing or
decreasing the action of a drug; interactions may be based on changes
in drug disposition or in drug response in the absence of changes in
drug levels. Interactions must be considered in the differential diag-
nosis of any unusual response occurring during drug therapy. Pre-
scribers should recognize that patients often come to them with a
legacy of drugs acquired during previous medical experiences, often
with multiple physicians who may not be aware of all the patient’s
medications. A meticulous drug history should include examination of
the patient’s medications and, if necessary, calls to the pharmacist to
identify prescriptions. It should also address the use of agents not often
volunteered during questioning, such as over-the-counter (OTC)
drugs, health food supplements, and topical agents such as eye drops.
Lists of interactions are available from a number of electronic sources.
The practicing physician cannot be expected to memorize these. How-



TABLE 3-2 Drugs with a High Risk of Generating Pharmacokinetic Interactions

Drug

Mechanism

Examples

Antacids; bile acid sequestrants

Proton pump inhibitors; H,-
receptor blockers

Rifampin; carbamazepine;
barbiturates; phenytoin; St.
John’s wort; glutethimide

Tricyclic antidepressants;
fluoxetine; quinidine

Cimetidine

Ketoconazole, itraconazole;
erythromycin, clarithromycin;

calcium channel blockers;
ritonavir

Allopurinol

Amiodarone

Gemfibrazol (and other fibrates)

Quinidine; amiodarone;

Reduced absorption
Altered gastric pH

Induction of hepatic metabolism

Inhibitors of CYP2D6

Inhibitor of multiple
CYPs
Inhibitor of CYP3A

Xanthine oxidase
inhibitor

Inhibitor of many CYPs
and of P-glycoprotein

CYP3A inhibition

P-glycoprotein inhibition

Antacids/tetracyclines; cholestryamine/
digoxin
Ketoconazole absorption decreased

Decreased concentration and effects of:

warfarin; quinidine; cyclosporine;
losartan

Increased beta blockade; decreased
codeine effect

Increased concentration and effects of:
warfarin; theophylline; phenytoin

Increased concentration and toxicity of:

some HMG-CoA reductase inhibitors;

cyclosporine; cisapride, terfenadine
(now withdrawn)
Increased concentration and effects of:
indinavir (with ritonavir);
Decreased clearance and dose
requirement for:
cyclosporine (with calcium channel
blockers)
Azathioprine and 6-mercaptopurine
toxicity
Decreased clearance (risk of toxicity)
for:
warfarin; digoxin; quinidine
Rhabdomyolysis when co-prescribed
with some HMG-CoA reductase
inhibitors
Risk of digoxin toxicity

as warfarin and some antiarrhyth-
mics. Individuals vary in the ex-
tent to which drug metabolism
can be induced, likely through
genetic mechanisms.

Inhibition of Cellular Uptake or
Binding Tricyclic  antidepres-
sants, doxepin, and chlorproma-
zine are potent inhibitors of
norepinephrine uptake into adre-
nergic neurons and prevent the
uptake of the guanidinium anti-
hypertensive agents (such as gua-
nethidine and guanadrel), thereby
abolishing their antihypertensive
effects. Similarly, the antihyper-
tensive effect of clonidine is par-
tially antagonized by tricyclic
antidepressants.

PHARMACOKINETIC INTERACTIONS
CAUSING INCREASED DRUG DELIVERY
TO TARGET SITES M Inhibition of
Drug Metabolism Inhibition of
drug metabolism can lead to re-
duced clearance, prolonged half-
life, accumulation of drug during
maintenance therapy, and thus
adverse effects. In contrast to in-

verapamil; cyclosporine;
itraconazole; erythromycin

Phenylbutazone, probenecid;
salicylates

Inhibition of renal tubular
transport

Salicylates — increased risk of
methotrexate toxicity

duction, new protein synthesis is
not involved, and the effect de-
velops as drug and any inhibitor
metabolites accumulate (a func-

ever, certain drugs consistently run the risk of generating interactions,
through mechanisms that are well understood; examples (not an ex-
haustive listing) are presented below and in Table 3-2. When such
drugs are started or stopped, prescribers must be especially alert to the
possibility of interactions.

PHARMACOKINETIC INTERACTIONS CAUSING DIMINISHED DRUG DELIVERY TO
TARGET SITES m Impaired Gastrointestinal Absorption Aluminum ions,
present in antacids, can form insoluble chelates with the tetracyclines,
preventing their absorption. Kaolin-pectin suspensions bind digoxin,
and when the substances are administered together, digoxin absorption
is reduced by about one-half. Resins that sequester bile acids in the
gut can bind other drugs, such as digoxin. Ketoconazole is a weak base
that dissolves well only at acidic pH. Histamine H, receptor antago-
nists and proton pump inhibitors reduce gastric acidity and thus impair
the dissolution and absorption of ketoconazole.

Induction of CYP or Transporter Activity Expression of some genes re-
sponsible for drug elimination, notably CYP3A and MDRI, can be
markedly increased by “inducing” drugs, such as rifampin, carba-
mazepine, phenytoin, St. John’s wort, and glutethimide and by smok-
ing, exposure to chlorinated insecticides such as DDT (CYP1A2), and
chronic alcohol ingestion. One mechanism for this coordinate induc-
tion of multiple pathways is increased expression of common tran-
scription factors (e.g., hepatocyte nuclear factor 4«). Administration
of inducing agents lowers plasma levels over 2 to 3 weeks as gene
expression is increased. This alters the effects of many drugs, including
warfarin, quinidine, mexiletine, verapamil, ketoconazole, itraconazole,
cyclosporine, dexamethasone, methylprednisolone, prednisolone (the
active metabolite of prednisone), oral contraceptive steroids, metha-
done, and metronidazole. These interactions all have obvious clinical
significance. Further, if a drug dose is stabilized in the presence of an
inducer which is subsequently stopped, major toxicity can occur as
clearance returns to preinduction levels and drug concentrations rise.
This is a particular problem with narrow-therapeutic-ratio drugs such

tion of their elimination half-
lives). Since shared substrates of a single enzyme can compete for
access to the active site of the protein, many CYP substrates can also
be considered inhibitors. However, some drugs are especially potent
as inhibitors (and occasionally may not even be substrates); it is in the
use of agents of the latter type that clinicians must be most alert to the
potential for interactions.

Cimetidine (but not other H,-receptor blockers) is a potent inhibitor
of the oxidative metabolism of many drugs, including warfarin, quin-
idine, nifedipine, lidocaine, theophylline, and phenytoin. Severe ad-
verse reactions can develop as a consequence.

The antifungal agents ketoconazole and itraconazole are potent in-
hibitors of enzymes in the CYP3A family. When fluconazole levels
are elevated as a result of higher doses and/or renal insufficiency, this
drug can also inhibit CYP3A. The macrolide antibiotics erythromycin
and clarithromycin inhibit CYP3A4 to a clinically significant extent,
but azithromycin does not. Some of the calcium channel blockers,
including diltiazem, nicardipine, and verapamil can also inhibit
CYP3A, as can some of the enzyme’s substrates, such as cyclosporine.
Examples of CYP3A substrates also include quinidine, lovastatin, sim-
vastatin, atorvastatin, nifedipine, lidocaine, erythromycin, methylpred-
nisolone, carbamazepine, midazolam, and triazolam.

Phenytoin, an inducer of many systems including CYP3A, inhibits
CYP2C9. CYP2C9 metabolism of losartan to its active metabolite is
inhibited by phenytoin, with potential loss of antihypertensive effect.

Accumulation of the prokinetic drug cisapride and the antihista-
mine terfenadine due to CYP3A inhibition led to QT prolongation and
torsades de pointes. Measures to prevent co-prescription of these
agents with CYP3A inhibitors were unsuccessful, and alternative safer
agents were developed, so these drugs were eventually withdrawn.

Cyclosporine can cause serious toxicity when its metabolism via
CYP3A4 is inhibited by erythromycin, ketoconazole, diltiazem, ni-
cardipine, or verapamil. The risk of myopathy with some HMG-CoA
reductase inhibitors (lovastatin, simvastatin, atorvastatin) is thought to
be increased by CYP3A4 inhibition. One agent in this class, cerivas-



tatin, was withdrawn because of an especially high incidence of this
adverse effect, although cellular studies suggest inhibition of other
pathways may have also contributed in this case. The antiviral ritonavir
is a very potent CYP3A4 inhibitor that is often added to anti-HIV
regimens not because of its antiviral effects but because it decreases
clearance, and hence increases efficacy, of other anti-HIV agents.
Grapefruit (but not orange) juice inhibits CYP3A, especially at high
doses; patients receiving drugs where even modest CYP3A inhibition
may increase the risk of adverse effects (e.g., cyclosporine, some
HMG-CoA reductase inhibitors) should therefore avoid grapefruit
juice.

CYP2D6 is markedly inhibited by quinidine and is also blocked
by a number of neuroleptic drugs, such as chlorpromazine and halo-
peridol, and by fluoxetine. The analgesic effect of codeine depends on
its metabolism to morphine via CYP2D6. Thus, quinidine reduces the
analgesic efficacy of codeine in EMs. Since desipramine is cleared
largely by metabolism via CYP2D6 in EMs, its levels are increased
substantially by concurrent administration of quinidine, fluoxetine, or
the neuroleptic drugs that inhibit CYP2D6. Clinical consequences of
fluoxetine’s interaction with CYP2D6 substrates may not be apparent
for weeks after the drug is started, because of its very long half-life
and slow generation of a CYP2D6-inhibiting metabolite.

6-Mercaptopurine, the active metabolite of azathioprine, is metab-
olized not only by TPMT but also by xanthine oxidase. When allo-
purinol, a potent inhibitor of xanthine oxidase, is administered with
standard doses of azathioprine or 6-mercaptopurine, life-threatening
toxicity (bone marrow suppression) can result.

Inhibition of Drug Transport The best studied example is P-glycoprotein
(Fig. 3-4). Quinidine inhibits P-glycoprotein function in vitro, and it
now appears that the long-recognized doubling of plasma digoxin
when quinidine is coadministered reflects this action in vivo, partic-
ularly since the effects of quinidine (increased digoxin bioavailability
and reduced renal and hepatic secretion) occur at the sites of P-gly-
coprotein expression. Many other drugs also elevate digoxin concen-
trations (e.g., amiodarone, verapamil, cyclosporine, itraconazole, and
erythromcyin), and a similar mechanism seems likely. Reduced CNS
penetration of multiple HIV protease inhibitors (with the attendant risk
of facilitating viral replication in a sanctuary site) appears attributable
to P-glycoprotein-mediated exclusion of the drug from the CNS; thus
inhibition of P-glycoprotein has been proposed as a therapeutic ap-
proach to enhance drug entry to the CNS.

A number of drugs are secreted by the renal tubular transport sys-
tems for organic anions. Inhibition of these systems can cause exces-
sive drug accumulation. Salicylate, for example, reduces the renal
clearance of methotrexate, an interaction that may lead to methotrexate
toxicity. Renal tubular secretion contributes substantially to the elim-
ination of penicillin, which can be inhibited (to increase its therapeutic
effect) by probenecid.

Inhibition of the tubular cation transport system by cimetidine de-
creases the renal clearance of dofetilide and of procainamide and its
active metabolite NAPA.

DRUG INTERACTIONS NOT MEDIATED BY CHANGES IN DRUG DISPOSITION Drugs
may act on separate components of a common process to generate
effects greater than either has alone. For example, although small doses
of aspirin (<1 g daily) do not alter the prothrombin time appreciably
in patients who are receiving warfarin therapy, aspirin nevertheless
increases the risk of bleeding in these patients because it inhibits plate-
let aggregation. Thus the combination of impaired functions of plate-
lets and of the clotting system, while useful in some patients, also
increases the potential for hemorrhagic complications. Similarly, the
use of other anticlotting agents (heparin, glycoprotein IIb/IIla inhibi-
tors, clopidogrel) with aspirin improves outcomes in acute coronary
syndromes, while exacerbating this bleeding tendency.

Nonsteroidal anti-inflammatory drugs (NSAIDs) cause gastric ul-
cers, and, in patients treated with warfarin, the risk of bleeding from a
peptic ulcer is increased almost threefold by concomitant use of a NSAID.

Indomethacin, piroxicam, and probably other NSAIDs antagonize
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the antihypertensive effects of B-adrenergic receptor blockers, diuret-
ics, ACE inhibitors, and other drugs. The resulting elevation in blood
pressure ranges from trivial to severe. This effect is not seen with
aspirin and sulindac but has been found with cyclooxygenase-2 inhib-
itors (celecoxib, rofecoxib).

Torsades de pointes during administration of QT-prolonging anti-
arrhythmics (quinidine, sotalol, dofetilide) occur much more fre-
quently in those patients receiving diuretics, probably reflecting
hypokalemia. In vitro, hypokalemia not only prolongs the QT interval
in the absence of drug but also potentiates drug block of ion channels
that results in QT prolongation. Also, some diuretics have direct elec-
trophysiologic actions that prolong QT.

The administration of supplemental potassium leads to more fre-
quent and more severe hyperkalemia when potassium elimination is
reduced by concurrent treatment with ACE inhibitors, spironolactone,
amiloride, or triamterene.

The pharmacologic effects of sildenafil result from inhibition of the
phosphodiesterase type 5 isoform that inactivates cyclic GMP in the
vasculature. Nitroglycerin and related nitrates used to treat angina pro-
duce vasodilation by elevating cyclic GMP. Thus, coadministration of
these nitrates with sildenafil can cause profound hypotension, which
can be catastrophic in patients with coronary disease.

Sometimes, combining drugs can increase overall efficacy and/or
reduce drug-specific toxicity. Such therapeutically useful interactions
are described in chapters dealing with specific disease entities, else-
where in this text.

ADVERSE REACTIONS TO DRUGS

The beneficial effects of drugs are coupled with the inescapable risk
of untoward effects. The morbidity and mortality from these untoward
effects often present diagnostic problems because they can involve
every organ and system of the body and are frequently mistaken for
signs of underlying disease. Major advances in the investigation, de-
velopment, and regulation of drugs ensure in most instances that drugs
are uniform, effective, and relatively safe and that their recognized
hazards are publicized. However, prior to regulatory approval and mar-
keting, new drugs are tested in relatively few patients who tend to be
less sick and to have fewer concomitant diseases than those patients
who subsequently receive the drug therapeutically. Because of the rel-
atively small number of patients studied in clinical trials, and the se-
lected nature of these patients, rare adverse effects may not be detected
prior to a drug’s approval, and physicians therefore need to be cautious
in the prescription of new drugs and alert for the appearance of pre-
viously unrecognized adverse events. Often, these adverse reactions
are rare, such as hematologic abnormalities, arrhythmias, hepatitis, or
renal dysfunction. In these cases, often (but inappropriately) labeled
“idiosyncratic,” elucidating underlying mechanisms can assist devel-
opment of safer compounds or allow a patient subset at especially high
risk to be excluded from drug exposure. National adverse reaction
reporting systems, such as those operated by the U.S. Food and Drug
Administration (suspected adverse reactions can be reported online at
http:/lwww fda.govimedwatch/report/hcp.htm) and the Committee on
Safety of Medicines in Great Britain, can prove useful. The publication
or reporting of a newly recognized adverse reaction can in a short time
stimulate many similar such reports of reactions that previously had
gone unrecognized.

Occasionally, “adverse” effects may be exploited to develop an
entirely new indication for a drug. Unwanted hair growth during mi-
noxidil treatment of severely hypertensive patients led to development
of the drug for hair growth. Sildenafil was initially developed as an
antianginal, but its effects to alleviate erectile dysfunction not only led
to a new drug indication but also to increased understanding of the
role of type 5 phosphodiesterase in erectile tissue. These examples
further reinforce the concept that prescribers must remain vigilant to
the possibility that unusual symptoms may reflect unappreciated drug
effects.
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The large number and variety of drugs and herbal remedies avail-
able OTC as well as by prescription make it impossible for patient or
physician to obtain or retain the knowledge necessary to use all drugs
well. It is understandable, therefore, that many OTC drugs are used
unwisely by the public and that restricted drugs may be prescribed
incorrectly by physicians.

Some 25 to 50% of patients make errors in self-administration of
prescribed medicines, and these errors can be responsible for adverse
drug effects. Elderly patients are the group most likely to commit such
errors, perhaps in part because they consume more medicines. One-
third or more of patients also may not take their prescribed medica-
tions. Similarly, patients commit errors in taking OTC drugs by not
reading or following the directions on the containers. Physicians must
recognize that providing directions with prescriptions does not always
guarantee compliance.

In hospital, drugs are administered in a controlled setting, and pa-
tient compliance is, in general, ensured. Errors may occur neverthe-
less—the wrong drug or dose may be given or the drug may be given
to the wrong patient—and improved drug distribution and adminis-
tration systems are addressing this problem. On the other hand, there
are no easy means for controlling how ambulatory patients take pre-
scription or OTC drugs.

EPIDEMIOLOGY Patients receive, on average, 10 different drugs during
each hospitalization. The sicker the patient, the more drugs are given,
and there is a corresponding increase in the likelihood of adverse drug
reactions. When <<6 different drugs are given to hospitalized patients
the probability of an adverse reaction is ~5%, but if >15 drugs are
given, the probability is >40%. Retrospective analyses of ambulatory
patients have revealed adverse drug effects in 20%. Serious adverse
reactions are also well recognized with “herbal” remedies and OTC
compounds: examples include kava-associated hepatotoxicity, L-tryp-
tophan-associated eosinophilia-myalgia, and phenylpropanolamine-
associated stroke, each of which has caused fatalities.

A 2000 Institute of Medicine report indicated that 7000 Americans
die annually because of medication errors, that 2 to 3% of hospital
admissions are for illnesses attributed to drugs, that the in-hospital cost
was >$2 billion, and that this represents a tiny fraction of the overall
problem of medication errors and its costs. A small group of widely
used drugs accounts for a disproportionate number of reactions. As-
pirin and other NSAIDs, analgesics, digoxin, anticoagulants, diuretics,
antimicrobials, glucocorticoids, antineoplastics, and hypoglycemic
agents account for 90% of reactions, although the drugs involved differ
between ambulatory and hospitalized patients.

ETIOLOGY Most adverse drug reactions are preventable, and recent
studies using a systems analysis approach suggest that the most com-
mon system failure associated with an adverse drug reaction is the
failure to disseminate knowledge about drugs to individuals who pre-
scribe and administer them. Most adverse reactions may be classified
in two groups. The most frequent ones result from exaggeration of an
intended pharmacologic action of the drug, and the underlying mech-
anisms have been discussed above. Other adverse reactions ensue from
toxic effects unrelated to the intended pharmacologic actions. The lat-
ter effects are often unpredictable and frequently severe, and result
from recognized as well as undiscovered mechanisms.

TOXICITY UNRELATED TO A DRUG'S PRIMARY PHARMACOLOGIC ACTIVITY m Cy-
totoxic Reactions Drug or more commonly reactive metabolites gen-
erated by CYPs can covalently bind to tissue macromolecules (such
as proteins or DNA) to cause tissue toxicity. Because of the reactive
nature of these metabolites covalent binding often occurs close to the
site of production; this is typically the liver, although CYPs are found
in other tissues as well.

The most common cause of drug-induced hepatotoxicity is aceta-
minophen overdosage. Normally, reactive metabolites are detoxified
by combining with hepatic glutathione. When glutathione becomes
exhausted, the metabolites bind instead to hepatic protein, with re-

sultant hepatocyte damage. The hepatic necrosis produced by the in-
gestion of acetaminophen can be prevented, or at least attenuated, by
the administration of substances such as N-acetylcysteine that reduce
the binding of electrophilic metabolites to hepatic proteins. The risk
of hepatic necrosis is increased in patients receiving drugs such as
phenobarbital or phenytoin that increase the rate of drug metabolism
or ethanol that exhaust glutathione stores. Such toxicity has even oc-
curred with therapeutic dosages, so patients at risk through these mech-
anisms should be warned.

Immunologic Mechanisms Most pharmacologic agents are small mole-
cules with low molecular weights (<2000) and thus are poor immu-
nogens. Generation of an immune response to a drug therefore usually
requires in vivo activation and covalent linkage to protein, carbohy-
drate, or nucleic acid.

Drug stimulation of antibody production may mediate tissue injury
by several mechanisms. The antibody may attack the drug when the
drug is covalently attached to a cell, and thereby destroy the cell. This
occurs in penicillin-induced hemolytic anemia. Antibody-drug-antigen
complexes may be passively adsorbed by a bystander cell, which is
then destroyed by activation of complement; this occurs in quinine-
and quinidine-induced thrombocytopenia. Heparin-induced thrombo-
cytopenia arises when antibodies against complexes of platelet factor
4 peptide and heparin generate immune complexes that activate plate-
lets; thus the thrombocytopenia is accompanied by “paradoxical”
thrombosis and is treated with thrombin inhibitors. Drugs or their re-
active metabolites may alter a host tissue, rendering it antigenic and
eliciting autoantibodies. For example, hydralazine and procainamide
(or their reactive metabolites) can chemically alter nuclear material,
stimulating the formation of antinuclear antibodies and occasionally
causing lupus erythematosus. Autoantibodies can be elicited by drugs
that neither interact with the host antigen nor have any chemical sim-
ilarity to the host tissue; for example, the antihypertensive o-methyl-
dopa frequently stimulates the formation of antibodies to host
erythrocytes, yet the drug neither attaches to the erythrocyte nor shares
any chemical similarities with the antigenic determinants on the eryth-
rocyte. Drug-induced pure red cell aplasia (Chap. 94) is due to an
immune-based drug reaction. Red cell formation in bone marrow cul-
tures can be inhibited by phenytoin and purified IgG obtained from a
patient with pure red cell aplasia associated with phenytoin.

Serum sickness (Chap. 298) results from the deposition of circu-
lating drug-antibody complexes on endothelial surfaces. Complement
activation occurs, chemotactic factors are generated locally, and an
inflammatory response develops at the site of complex entrapment.
Arthralgias, urticaria, lymphadenopathy, glomerulonephritis, or cere-
britis may result. Foreign proteins (vaccines, streptokinase, therapeutic
antibodies) and antibiotics are common causes. Many drugs, particu-
larly antimicrobial agents, ACE inhibitors, and aspirin, can elicit an-
aphylaxis, with production of IgE, which binds to mast cell
membranes. Contact with a drug antigen initiates a series of biochem-
ical events in the mast cell and results in the release of mediators that
can produce the characteristic urticaria, wheezing, flushing, rhinorrhea,
and (occasionally) hypotension.

Drugs may also elicit cell-mediated immune responses. Topically
administered substances may interact with sulthydryl or amino groups
in the skin and react with sensitized lymphocytes to produce the rash
characteristic of contact dermatitis. Other types of rashes may also
result from the interaction of serum factors, drugs, and sensitized lym-
phocytes.

DIAGNOSIS AND TREATMENT OF ADVERSE DRUG REACTIONS The manifesta-
tions of drug-induced diseases frequently resemble those of other dis-
eases, and a given set of manifestations may be produced by different
and dissimilar drugs. Recognition of the role of a drug or drugs in an
illness depends on appreciation of the possible adverse reactions to
drugs in any disease, on identification of the temporal relationship
between drug administration and development of the illness, and on
familiarity with the common manifestations of the drugs. Many as-
sociations between particular drugs and specific reactions have been



described, but there is always a “first time” for a novel association,
and any drug should be suspected of causing an adverse effect if the
clinical setting is appropriate.

Illness related to a drug’s intended pharmacologic action is often
more easily recognized than illness attributable to immune or other
mechanisms. For example, side effects such as cardiac arrhythmias in
patients receiving digitalis, hypoglycemia in patients given insulin,
and bleeding in patients receiving anticoagulants are more readily re-
lated to a specific drug than are symptoms such as fever or rash, which
may be caused by many drugs or by other factors.

Electronic sources of adverse drug reactions can be useful (e.g.,
http:/lwww.hc-sc.gc.calhpb-dgpsitherapeut/htmleng/cadrnwsletter.html).
However, exhaustive compilations often provide little sense of per-
spective in terms of frequency and seriousness, which can vary con-
siderably among patients.

Eliciting a drug history from patients is important for diagnosis.
Attention must be directed to OTC drugs and herbal preparations as
well as to prescription drugs. Each type can be responsible for adverse
drug effects, and adverse interactions may occur between OTC drugs
and prescribed drugs. Loss of efficacy of oral contraceptives or cyclo-
sporine by concurrent use of St. John’s wort are examples. In addition,
it is common for patients to be cared for by several physicians, and
duplicative, additive, counteractive, or synergistic drug combinations
may therefore be administered if the physicians are not aware of the
patients’ drug histories. Every physician should determine what drugs
a patient has been taking, at least during the preceding 30 days, before
prescribing any medications. A frequently overlooked source of ad-
ditional drug exposure is topical therapy; for example, a patient com-
plaining of bronchospasm may not mention that an ophthalmic beta
blocker is being used unless specifically asked. A history of previous
adverse drug effects in patients is common. Since these patients have
shown a predisposition to drug-induced illnesses, such a history should
dictate added caution in prescribing drugs.

Laboratory studies may include demonstration of serum antibody
in some persons with drug allergies involving cellular blood elements,
as in agranulocytosis, hemolytic anemia, and thrombocytopenia. For
example, both quinine and quinidine can produce platelet agglutination
in vitro in the presence of complement and the serum from a patient
who has developed thrombocytopenia following use of this drug. Bio-
chemical abnormalities such as G6PD deficiency, serum pseudochol-
inesterase level, or genotyping may also be useful in diagnosis,
often after an adverse effect has occurred in the patient or a family
member.

Once an adverse reaction is suspected, discontinuation of the sus-
pected drug followed by disappearance of the reaction is presumptive
evidence of a drug-induced illness. Confirming evidence may be
sought by cautiously reintroducing the drug and seeing if the reaction
reappears. However, that should be done only if confirmation would
be useful in the future management of the patient and if the attempt
would not entail undue risk. With concentration-dependent adverse
reactions, lowering the dosage may cause the reaction to disappear,
and raising it may cause the reaction to reappear. When the reaction
is thought to be allergic, however, readministration of the drug may
be hazardous, since anaphylaxis may develop. Readministration is un-
wise under these conditions unless no alternative drugs are available
and treatment is necessary.

If the patient is receiving many drugs when an adverse reaction is
suspected, the drugs likeliest to be responsible can usually be identi-
fied. All drugs may be discontinued at once or, if this is not practical,
they should be discontinued one at a time, starting with the one that
is most suspect, and the patient observed for signs of improvement.

3 Principles of Clinical Pharmacology 25

The time needed for a concentration-dependent adverse effect to dis-
appear depends on the time required for the concentration to fall below
the range associated with the adverse effect; that, in turn, depends on
the initial blood level and on the rate of elimination or metabolism of
the drug. Adverse effects of drugs with long half-lives take a consid-
erable time to disappear.

SUMMARY

Modern clinical pharmacology aims to replace empiricism in the use
of drugs with therapy based on in-depth understanding of factor(s) that
determine an individual’s response to drug treatment. Molecular phar-
macology, pharmacokinetics, genetics, clinical trials, and the educated
prescriber all contribute to this process. No drug response should ever
be termed “idiosyncratic”; all responses have a mechanism whose un-
derstanding will help guide further therapy with that drug or succes-
sors. This rapidly expanding understanding of variability in drug
actions makes the process of prescribing drugs increasingly daunting
for the practitioner. However, fundamental principles should guide this
process:

¢ The benefits of drug therapy, however defined, should always out-
weigh the risk.

The smallest dosage necessary to produce the desired effect should
be used.

* The number of medications and doses per day should be mini-
mized.

Although the literature is rapidly expanding, accessing it is becom-
ing easier; tools such as computers and hand-held devices to search
databases of literature and unbiased opinion will become increas-
ingly commonplace.

Genetics play a role in determining variability in drug response and
may become a part of clinical practice

Prescribers should be particularly wary when adding or stopping
specific drugs that are especially liable to provoke interactions and
adverse reactions.

Prescribers should use only a limited number of drugs, with which
they are thoroughly familiar.
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‘I SCREENING AND PREVENTION OF DISEASE

Gary J. Martin

A primary goal of health care is to prevent disease or to detect it early
enough that interventions will be more effective. Strategies for disease
screening and prevention are driven by evidence that testing and in-
terventions are practical and effective. Most screening tests are cur-
rently based on readily available and inexpensive biochemical (e.g.,
cholesterol), physiologic (e.g., blood pressure), radiologic (e.g., mam-
mogram), or tissue specimens (e.g., Pap smear). In the future, it is
anticipated that genetic testing will play an increasingly important role
for predicting disease risk (Chap. 58). However, such tests are not
widely used except for individuals at risk for high-penetrance genes
based on family or ethnic history (e.g., BRCAI, BRCA2). The identi-
fication of low-penetrance but high-frequency genes that cause com-
mon disorders such as diabetes or hypertension offers the possibility
of new genetic tests. However, any new screening test, whether based
on genetic or other methods, must be subjected to rigorous evaluation
of its sensitivity, specificity, impact on disease, and cost-effectiveness.
Physicians and patients are continuously introduced to new screening
tests, often in advance of complete evaluation. For example, the use
of whole-body computed tomography imaging has been advocated as
a means to screen for a variety of disorders. Though appealing in
concept, there is currently no evidence to justify this approach, which
is associated with high cost and a substantial risk of false-positive
results.

This chapter will review the basic principles of screening and strat-
egies for measuring the impact of screening and prevention and will
provide a summary of recommendations for screening and prevention
in the primary care setting. Recommendations for specific disorders,
such as cardiovascular disease, diabetes, or cancer, are provided in the
chapters dedicated to these topics.

BASIC PRINCIPLES OF SCREENING In general, screening is most effective
when applied to relatively common disorders that carry a large disease
burden (Table 4-1). The five leading causes of mortality in the United
States are heart diseases, malignant neoplasms, accidents, cerebrovas-
cular diseases, and chronic obstructive pulmonary disease. Thus, many
prevention strategies are targeted at these conditions.

A primary goal of screening is the early detection of a risk factor
or disease at a stage when it can be corrected or cured. For example,
most cancers have a better prognosis when identified as premalignant
lesions or when they are still resectable. Similarly, early identification
of hypertension or hyperlipidemia allows therapeutic interventions that
reduce the risk of cardiovascular or cerebrovascular events. However,
early detection does not necessarily influence survival. For example,
in some studies of lung cancer screening, tumors are identified at an
earlier stage, but overall mortality does not differ between screened
and unscreened populations. The apparent improvement in 5-year sur-
vival rates can be attributed to the detection of smaller tumors rather
than a real change in clinical course after diagnosis. Similarly, the
detection of prostate cancer may not lead to a mortality difference
because the disease is often indolent and competing morbidities, such
as coronary artery disease, may ultimately cause mortality (Chap. 67).

Disorders with a long latency period increase the potential gains
associated with detection. For example, cancer of the cervix has a long
latency between dysplasia and invasive carcinoma, providing an op-
portunity for detection by routine screening. Similarly, an adenoma-

TABLE 4-1 lifetime Cumulative Risk

Breast cancer for women 10%
Colon cancer 6%
Cancer of the cervix for women® 2%
Domestic violence for women Up to 15%
Hip fracture for Caucasian women 16%

tous polyp progresses to invasive colon cancer over 4 to 12 years,
allowing an opportunity to detect early lesions by fecal occult blood
testing or endoscopy. On the other hand, breast cancer screening in
premenopausal women is more challenging because of the relatively
short interval between development of a localized breast cancer and
metastasis to regional nodes (estimated to be ~12 months).

METHODS OF MEASURING HEALTH BENEFITS It is not practical to perform
all possible screening procedures. For example, screening for laryngeal
cancer in smokers is not currently recommended. It is necessary to
examine the strength of evidence in favor of screening measures rel-
ative to the cost and risk of false-positive tests. For example, should
ultrasound be used to screen for ovarian cancer in average-risk
women? It is currently estimated that the unnecessary laparotomies
triggered by finding benign ovarian masses would actually cause more
harm than the benefit derived from detecting the occasional curable
ovarian cancer.

A variety of end points are used to assess the potential gain from
screening and prevention interventions:

1. The number of subjects screened to alter the outcome in one
individual. It is estimated, for example, that 731 women aged 65 to
69 would need to be screened by dual-energy x-ray absorptiometry
(DEXA) and then treated appropriately to prevent one hip fracture
from osteoporosis.

2. The absolute and relative impact of screening on disease out-
come. A meta-analysis of Swedish mammography trials (ages 40 to
70) found that ~1.2 fewer women per thousand would die from breast
cancer if they were screened over a 12-year period. By comparison,
~3 lives per 1000 might be saved from colon cancer in a population
(ages 50 to 75) screened with annual fecal occult blood testing (FOBT)
over a 13-year period. Based on this analysis, colon cancer screening
may actually save more women’s lives than mammography. The im-
pact of FOBT (8.8/1000 versus 5.9/1000) might be stated as either 3
lives per 1000, or as a 30% reduction in colon cancer death; thus, it
is important to consider both the relative and absolute impact on num-
bers of lives saved.

3. The cost per year of life saved. This is used to assess the ef-
fectiveness of many screening and prevention strategies. Typically,
strategies that cost <$30,000 to $50,000 per year of life saved are
considered “cost effective” (Chap. 2). For example, using alendronate
to treat 65-year-old women with osteoporosis approaches this thresh-
old of approximately $30,000 per year of life saved.

4. Increase in average life expectancy for a population.

Predicted increases in life expectancy for various screening pro-
cedures are listed in Table 4-2. It should be noted, however, that the
life expectancy increase is an average that applies to a population and
not to an individual. In reality, the vast majority of the screened pop-
ulation does not derive any benefit and possibly incurs a slight risk

TABLE 4-2 Estimated Average Increase in Life Expectancy for a Population

Screening Procedure Average Increase

Mammography:
‘Women, 40—50 years 0-5 days
Women, 50—70 years 1 month
Pap smears, age 18—65 2-3 months
Screening treadmill for a 50-year-old 8 days

(asymptomatic) man

PSA and digital rectal exam for a man >50
years

Getting a 35-year-old smoker to quit

Beginning regular exercise for a 40-year-old
man (30 min 3 times a week)

Up to 2 weeks

3-5 years
9 months to 2 years

¢ Assuming an unscreened population.
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Note: PSA, prostate-specific antigen.



from false-positive results. A small

TABLE 4-3 Clinical Preventive Services for Normal-Risk Adults Recommended by the U.S. Preventive Services Task Force

subset of patients, however, will

. Chapter
benefit greatly from being screened. Test or Disorder Population,® Years Frequency Reference
For example, Pap smears do not
benefit the 98% of women who Blood pressure, height and weight >18 Periodically 64
never develop cancer of the cer- Cholesterol Men > 35 Every 5 years 225
vix. However, for the 2% who ) Women > 45 y Every 5 years
would develop localized cervical Diabetes >§Zk0£aecz?;lrl:r, if there are additional Every 3 years 323
cancer, Pap smears may_ ad_d as Pap smear Within 3 years of onset of sexual Every 1-3 years 67
much as 25 years to their lives. activity or 21-65
Some studies suggest that a 1- Chlamydia Women 18-25 Every 1-2 years 160
month gain of life expectancy is Mammography“ Women > 40 Every 1-2 years 67,76
a reasonable goal for a popula- Colorectal cancer® >50 67,77
tion-based preventive strategy. ! GESTlS D sl R EE

. . sigmoidoscopy or Every 5 years

The U.S. Preyentlve Services colonoscopy Every 10 years
Task Force provides recommen- Osteoporosis Women > 65; >60 at risk Periodically 333
dations for evidence-based screen- Alcohol use >18 Periodically 372
ing (Table 4-3). In addition to Vision, hearing >65 Periodically 25,26
these population-based guide- Adult immunization 107, 108
lines, it is reasonable to consider Tet".‘"us'dlpthena ey =l . Loy LD yrears

K . . . Varicella (VZV) Susceptibles only, >18 Two doses
family and social history to iden- Measles, mumps, rubella (MMR) Women, childbearing age One dose
tify individuals with special risk Pneumococcal >65 One dose
(www.ahrq.goviclinicluspstfix.htm). Influenza >50 Yearly

For example, when there is a sig-
nificant family history of breast,
colon, or prostate cancer, it is pru-
dent to initiate screening about 10
years before the age when the
youngest family member devel-
oped cancer. Screening should also
be considered for many other com-
mon disorders pending the development of further evidence. Three
examples are screening for diabetes (using fasting blood glucose), do-
mestic violence, and features of depression.

clinicluspstfix.htm)

Cost-Effectiveness  Screening techniques must be cost effective, if they
are to be applied to large populations. Costs include not only the ex-
pense of testing but also time away from work and potential risks.
When the risk-to-benefit ratio is less favorable, it is useful to provide
information to patients and factor their perspectives into the decision-
making process. For example, many expert groups, including the U.S.
Preventive Services Task Force, recommend an individualized discus-
sion about prostate cancer screening, as the decision-making process
is complex and relies heavily on personal issues. Although the early
detection of prostate cancer may intuitively seem desirable, risks in-
clude false-positive results that can lead to anxiety and unnecessary
surgery. Potential complications from surgery and radiation treatment
include erectile dysfunction, urinary incontinence, and bowel dys-
function. Some men may decline screening, while others may be more
willing to accept the risks of an early detection strategy. Another ex-
ample of shared decision-making is the choice of colon cancer screen-
ing techniques (Chap. 67). In controlled studies, the use of annual
FOBT reduces colon cancer deaths by 15 to 30%. Flexible sigmoid-
oscopy reduces colon cancer deaths by ~60%. Colonoscopy offers the
same, or greater, benefit than flexible sigmoidoscopy, but its use incurs
additional costs and risks. These screening procedures have not been
directly compared in the same population, but the estimated cost to
society is similar—$10,000 to $25,000 per year of life saved. Thus,
while one patient may prefer the ease of preparation, less time disrup-
tion, and the lower risk of flexible sigmoidoscopy, others may prefer
the sedation and thoroughness of colonscopy.

When considering the impact of screening tests, it is important to
recognize that tobacco and alcohol use, diet, and exercise represent
the vast majority of factors that influence preventable deaths. Perhaps
the single greatest preventive health care measure is to help patients
quit smoking (Chap. 375).

COMMONLY ENCOUNTERED ISSUES Despite compelling evidence that pre-
vention strategies can have major health care benefits, implementation

¢ Screening is performed earlier and more frequently when there is a strong family history. Randomized, controlled trials have documented
that fecal occult blood testing (FOBT) confers a 15 to 30% reduction in colon cancer mortality. Although randomized trials have not been
performed for sigmoidoscopy or colonoscopy, well-designed case-control studies suggest similar or greater efficacy relative to FOBT.

Note: Prostate-specific antigen (PSA) testing is capable of enhancing the detection of early-stage prostate cancer, but evidence is incon-

clusive that it improves health outcomes. PSA testing is reccommended by several professional organizations and is widely used in clinical

practice, but it is not currently recommended by the U.S. Preventive Services Task Force (Chap. 81).

Source: Adapted from the U.S. Preventive Services Task Force, 1996. Guide to Clinical Prevention Services, 3d ed (www.ahrq.gov/

of these services is challenging because of competing demands on
physician and patient time and because of gaps in health care reim-
bursement. Moreover, efforts to reduce disease risk frequently involve
behavior changes (e.g., weight loss, exercise, seatbelts) or managing
addictive conditions (e.g., tobacco and alcohol use) that are often re-
calcitrant to intervention. Public education and economic incentives
are often useful, in addition to counseling by health care providers
(Table 4-4).

A number of techniques can assist the physician with the growing
number of recommended screening tests. An appropriately configured
electronic medical record can provide reminder systems that make it
easier for physicians to track and meet guidelines. Some systems pro-

TABLE 4-4 Counseling to Prevent Disease

Topic Chapter Reference
Tobacco cessation 375
Drug and alcohol use 372, 373
Nutrition to maintain caloric balance and vitamin 60
intake
Calcium intake in women > 18 years 333
Folic acid: Women of childbearing age 61
Oral health 28
Aspirin use to prevent cardiovascular disease in 225
selected men >40 years and women >50 years
Chemoprevention of breast cancer in women at high 76
risk
STDs and HIV prevention 115, 173

Physical activity
Sun exposure 51
Injury prevention (loaded handgun, seat belts,
bicycle helmet)
Issues in the elderly 8
Polypharmacy
Fall prevention
Hot water heater <120°
Vision, hearing, dental evaluations
Immunizations (pneumococcal, influenza)

Note: STDs, sexually transmitted diseases.
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vide patients with secure access to their medical records, providing an
additional means to ensure compliance with routine screening. Sys-
tems that provide nurses and other staff with standing orders are ef-
fective for smoking prevention and immunizations. The Agency for
Healthcare Research and Quality and the Centers for Disease Control
and Prevention have developed flow sheets as part of their “Put Preven-
tion into Practice” program (hetp://www.ahcpr.goviclinic/ppipix.htm).

A routine health care examination should be performed every 1 to
3 years before age 50 and every year thereafter. History should include
medication use (prescription and nonprescription), allergies, dietary
history, use of alcohol and tobacco, sexual practices, and a thorough
family history, if not obtained previously. Routine measurements
should include assessments of height, weight (body mass index, BMI),
and blood pressure, in addition to the relevant physical examination.
The increasing incidence of skin cancer underscores the importance of
screening for suspicious skin lesions. Hearing and vision should be
tested after age 65, or earlier if the patient describes difficulties. Other
gender- and age-specific examinations are listed in Table 4-3. Coun-
seling and instruction about self-examination (e.g., skin, breast) can
be provided during the routine examination.

Many patients see a physician for ongoing care of chronic illnesses,
and this visit provides an opportunity to include a “measure of pre-
vention” for other health problems. For example, the patient seen for
management of hypertension or diabetes can have breast cancer
screening incorporated into one visit and a discussion about colon
cancer screening at the next visit. Other patients may respond more

favorably to a clearly defined visit that addresses all relevant screening
and prevention interventions. In some patients, because of age or co-
morbidities, it may be appropriate to abandon certain screening and
prevention activities, although there are fewer data about when to
“sunset” these services. The risk of certain cancers, like cancer of the
cervix, ultimately declines, and it is reasonable to cease Pap smears
after about age 65, if previous recent Pap smears have been negative.
For breast, colon, and prostate cancer, it is reasonable to reevaluate
the need for screening after about age 75. For some older patients with
advanced diseases such as severe chronic obstructive pulmonary dis-
ease or congestive heart failure or who are immobile, the benefit of
some screening procedures is low, and other priorities emerge when
life expectancy is <10 years. This shift in focus needs to be done
tactfully and allows greater focus on the conditions likely to impact
quality and length of life.
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5 WOMEN'S HEALTH

Andrea Dunaif

The study of biologic differences between sexes has emerged as a
distinct scientific discipline in the United States. A report from the
Institute of Medicine (IOM) found that sex has a broad impact on
biologic and disease processes and succinctly concluded—sex mat-
ters. The National Institutes of Health established the Office of Re-
search on Women’s Health in 1990 to develop an agenda for future
research in the field. In parallel, women’s health is developing as a
new clinical discipline with a focus on disorders that are dispropor-
tionately represented in women. The integration of women’s health
into internal medicine and other specialties has been accompanied by
novel approaches to health care delivery, including greater attention
to patient education and involvement in disease prevention and med-
ical decision-making.

The IOM report recommended the terms sex difference to describe
biologic processes that differ between males and females and gender
difference for features related to social influences. This chapter high-
lights representative examples of sex differences in selected medical
areas. Disorders discussed in this section are reviewed in detail in other
chapters.

DISEASE RISK: REALITY AND PERCEPTION The leading causes of death are
the same in women and men: (1) heart disease, (2) cancer, and (3)
cerebrovascular disease (Table 5-1; Fig. 5-1). The leading cause of
cancer death, lung cancer, is the same in both sexes. Breast cancer is
the second leading cause of cancer death in women but with rates that
are 35% lower than those for lung cancer. Men are substantially more
likely to die from suicide, homicide, and accidents than women.
Women'’s risk for many diseases increases at menopause, which
occurs at a median age of 51.4 years. In the industrialized world,
women spend one-third of their lives in the postmenopausal period.
Estrogen levels fall abruptly at menopause, inducing a variety of phys-
iologic and metabolic responses. Rates of cardiovascular disease in-

crease and bone density begins to decrease after menopause. Never-
theless, in the United States women live on average 5.7 years longer
than men, with a life expectancy of 79.5 years compared to 73.8 years
in men. Elderly women outnumber elderly men, so that age-related
conditions, such as hypertension, have a female preponderance.
Women’s perception of disease risk is often inaccurate; <10%
know that cardiovascular disease is the leading cause of death in
women. The condition that they fear most is breast cancer, despite the
fact that death rates from breast cancer have been falling since the
1990s. In any given decade of life, a woman’s risk for breast cancer
never exceeds 1 in 34. Although a woman’s lifetime risk of developing
breast cancer if she lives past 85 years is about 1 in 9, it is much more
likely that she will die from cardiovascular disease than from breast
cancer. In other words, many elderly women have breast cancer but
die from other causes. Similarly, only 26% of women are aware that
lung cancer is the leading cause of cancer death in women. These
misconceptions are unfortunate as they perpetuate inadequate attention
to modifiable risk factors, such as dyslipidemia, hypertension, and cig-
arette smoking. Physicians are also less likely to recognize women’s
risk for cardiovascular disease. When presented with actors portraying
patients with chest pain, physicians’ estimates for probability of cor-
onary heart disease (CHD) were significantly lower for women than
for men and were lower for black women than for white women. These
perceptions on the part of both the patient and her physician lead to
important differences in cardiac care that are discussed below.

SEX DIFFERENCES IN HEALTH AND DISEASE M Alzheimer's Disease (See also
Chap. 350) Alzheimer’s disease (AD) affects approximately twice
as many women as men. Because the risk for AD increases with age,
part of this sex difference is accounted for by the fact that women live
longer than men. However, additional factors likely contribute to the
increased risk for AD in women. There are sex differences in brain
size, structure, and functional organization. There is emerging evi-
dence for sex-specific differences in gene expression, not only for
genes on the X and Y chromosomes but also for some autosomal
genes. Estrogens have pleiotropic genomic and nongenomic effects on



the central nervous system, including

TABLE 5-1 Deaths and Percent of Total Deaths for the Ten Leading Causes of Death by Sex in the United States, 2000

neurotrophic actions in key areas in-
volved in cognition and memory.
Women with AD have lower endoge-
nous estrogen levels compared to

women without AD. These observations
have led to the hypothesis that estrogen
is neuroprotective.

Some studies have suggested that es-
trogen administration improves cogni-
tive function in nondemented postmen-
opausal women as well as in women
with AD, and several observational
studies have suggested that postmeno-
pausal hormone therapy (PHT) may de-
crease the risk of AD. However, recent

Women Men

Percent of Percent of
Cause of Death Rank  Deaths  Total Deaths Rank  Deaths  Total Deaths
Diseases of heart 1 365,953 29.9 1 344,807 29.3
Malignant neoplasms 2 267,009 21.8 2 286,082 24.3
Cerebrovascular diseases 3 102,892 8.4 3 64,769 5.5
Chronic lower respiratory diseases 4 62,005 5.1 5 60,004 5.1
Diabetes mellitus 5 37,699 3.1 6 31,602 2.7
Influenza and pneumonia 6 36,655 3.0 7 28,658 2.4
Alzheimer’s disease 7 35,120 2.9 — 14,438 1.2
Accidents 8 34,083 2.8 4 63,817 54
Nephritis, nephrotic syndrome, and nephrosis 9 19,440 1.6 9 17,811 1.5
Septicemia 10 17,687 1.4 — 13,537 1.1
Intentional self-harm — 5732 0.5 8 23,618 2.0
Chronic liver disease and cirrhosis — 9338 0.8 10 17,214 1.5

placebo-controlled trials have found no
improvement in disease progression or
cognitive function after up to 15 months
of PHT in women with AD. The findings in these observational studies
may be confounded by the fact that PHT users are better educated and
have higher socioeconomic status, both of which are associated with
a decreased risk of AD. An ancillary study of the Women’s Health
Initiative (WHI) randomized clinical trial, the WHI Memory Study, is
prospectively evaluating the impact of PHT on cognitive function and
the development of AD in women 65 to 79 years of age at the time of
enrollment. The results of this study should be available in 2007.

nvsr50-16.pdf

Coronary Heart Disease (See also Chap. 226) There are major sex dif-
ferences in CHD, the leading cause of death in men and women in the
United States. CHD death rates have been falling in men over the past
30 years but they have been increasing in women.

CHD presents differently in women, who are usually 10 to 15 years
older than their male counterparts and are more likely to have co-
morbidities, such as hypertension, congestive heart failure, and dia-
betes. In the Framingham study, angina was the most frequent initial
symptom of CHD in women, whereas myocardial infarction was the
most frequent initial presentation in men. Women more often have
atypical symptoms, such as nausea, vomiting, indigestion, and upper
back pain.

Source: Data from National Vital Statistics Report, Vol. 50, No. 16, September 16, 2002, www.cdc.gov/nchs/datalnvsr/nvsr50/

erative mortality rate, less relief of angina, and less graft patency;
however, 5- and 10-year survival rates are similar. Women undergoing
percutaneous transluminal coronary angioplasty have lower rates of
initial angiographic and clinical success than men, but they also have
a lower rate of restenosis and a better long-term outcome. Women may
benefit less and have more frequent serious bleeding complications
from thrombolytic therapy than do men. Factors such as older age,
more comorbid conditions, and more severe CHD in women at the
time of events or procedures appear to account in part for the observed
sex differences.

Elevated cholesterol levels, hypertension, smoking, obesity, low
high-density lipoprotein (HDL) cholesterol levels, diabetes, and lack
of physical activity are important risk factors for CHD in both men
and women. Total triglyceride levels are an independent risk factor for
CHD in women but not in men. Low HDL-cholesterol and diabetes
are more important risk factors for CHD in women than in men. Smok-
ing is an important risk factor for CHD in women—it accelerates
atherosclerosis, exerts direct negative effects on cardiac function, and
is associated with an earlier age of menopause. Cholesterol-lowering
drugs are equally effective in men and women for primary and sec-

Women with myocardial infarction are 50 5000
more likely to present with cardiac arrest or 45 4500
cardiogenic shock, whereas men are more } »
likely to present with ventricular tachycardia. 40 / 4000 /
Further, younger women with myocardial in- o 35 o 3500
farction are more likely to die than men of sim- & // F =] /
. . . . o 30 o 3000
ilar age, with women under <50 experiencing S / / / 5] /
twice the mortality rate of men, even after ad- & 25 5 2500
justment for differences in disease severity and ; 20 / / / g 2000 /
management. Indeed, the younger the woman, g ¢ o—9 L/ g 1 A
the greater the risk of death from myocardial B0 1500
infarction compared to men (Fig. 5-2). 10 f 1000 / /
Physicians are less likely to suspect heart 5 500

disease in women with chest pain and are less

likely to perform diagnostic and therapeutic 0+
cardiac procedures in women. In addition,
there are sex differences in the accuracy of cer-
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tain diagnostic procedures. The exercise elec-
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trocardiogram has substantial false-positive as

well as false-negative rates in women com-  FIGURE 5-1

Death rates per 100,000 population for 1999 by 5-year age groups in U.S. women; note that the

pared to men. Women are less likely to receive
therapies such as angioplasty, thrombolytic
therapy, coronary artery bypass grafts, beta-
blockers, or aspirin. There are also sex differ-
ences in outcomes when women with CHD do
receive therapeutic interventions. Women un-
dergoing coronary artery bypass graft surgery
have more advanced disease, a higher periop-

scale of the y-axis is increased by tenfold in the graph on the right compared to that on the left. Accidents and
HIV/AIDS are the leading causes of death in young women 20 to 34 years of age. Accidents, breast cancer, and
ischemic heart disease (IHD) are the leading causes of death in women 35 to 44 years of age. Breast cancer is the
leading cause of death in women 45 to 49 years of age, and IHD becomes the leading cause of death in women
beginning at 50 years of age. In older women, IHD remains the leading cause of death, cerebrovascular disease
becomes the second leading cause of death, and lung cancer is the leading cause of cancer-related deaths. AD,
Alzheimer's disease; Ca, cancer; CLRD, chronic Tower respiratory disease; DM, diabetes mellitus; IHD, ischemic heart
disease. (Data adapted from www.cdc.gov/nchs/data/sttab/vs00199 -tablz1or.pdf.) (Writing Group for the Women's
Health Initiative Investigation, JAMA 288:321, 2002. Copyright © 2002, American Medical Association.)
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FIGURE 5-2 Rates of death during hospitalization for myocardial infarction among

women and men according to age. The overall mortality rate during hospitalization was
16.7% among women and 11.5% among men but was twice the rate in women <50
years compared to men in the same age range. The interaction between sex and age
was significant (p < .001). (From V Vaccarino et al: N Engl J Med 341:217, 1999; with
permission.)

ondary prevention of CHD. However, because of perceptions that
women are at lower risk for CHD, they receive fewer interventions for
modifiable risk factors than do men. Secondary prevention in women
with known CHD is also suboptimal. At baseline, only about 30% of
women enrolled in the Heart and Estrogen/progestin Replacement
Study (HERS), a secondary prevention trial in women with established
CHD, were taking beta blockers, and only 45% received lipid-lowering
medications.

Effect of Hormone Replacement Therapy on Cardiovascular Disease (See also
Chap. 327) Until recently, it was widely believed that the sex-spe-
cific effects of gonadal steroids on the cardiovascular system and lipid
metabolism accounted for the different rates of CHD in women com-
pared to men. Estrogen increases HDL and lowers low-density lipo-
protein (LDL), whereas androgens have the opposite effect. Estrogen
has direct vasodilatory effects on the vascular endothelium, enhances
insulin sensitivity, and has antioxidant properties. The striking in-
crease in CHD after both natural and surgical menopause supported
the hypothesis that estrogens are cardioprotective. These findings led
to the widespread use of PHT for primary and secondary prevention
of CHD. However, two recent landmark clinical trials, HERS and the
WHI, have radically altered the approach to PHT.

HERS was a secondary prevention trial that studied 2763 post-
menopausal women with known CHD randomized to PHT (combined

continuous conjugated equine estrogen, 0.625 mg qd, and medroxy-
progesterone acetate, 2.5 mg qd) or to placebo for an average of 4.1
years. Unexpectedly, there was a 50% increase in CHD events in the
first year of the trial in the PHT group. The lack of a beneficial effect
on CHD events occurred in the face of a significant increase in HDL-
cholesterol and fall in LDL-cholesterol levels in the PHT group. The
HERS II data show no difference in CHD events after an additional
2.7 years of follow-up.

The WHI trial randomized 16,608 women 50 to 79 years of age:
8506 to estrogen plus progestin and 8102 to placebo. It was halted in
May 2002 after an average follow-up of 5.2 years because women
receiving PHT had an increased risk of invasive breast cancer, and an
overall assessment of outcomes showed more risk than benefit. Com-
pared to women in the placebo group, women in the PHT group had
a 26% higher rate of breast cancer, a 29% higher rate of CHD, a 41%
higher rate of stroke, and a greater than twofold increase in pulmonary
embolism (Table 5-2). There was no difference in the rate of endo-
metrial cancer in the PHT group compared to the placebo group. There
was a 33% reduction in the rate of hip fractures and a 37% reduction
in the rate of colon cancer in the PHT group. Despite these beneficial
effects, the global index of outcomes showed that the PHT group had
a 15% higher rate of adverse events compared to the placebo group.
Nevertheless, the absolute risk of PHT is relatively small. In 10,000
women receiving PHT compared to those receiving placebo, one
would predict that over 1 year there might be eight more invasive
breast cancers, seven more CHD events, eight more strokes, eight more
pulmonary embolic events, but six fewer colon cancers and five fewer
hip fractures. An estrogen-only arm of this study is ongoing.

Why did the results of these randomized clinical trials differ so
markedly from those of observational studies of PHT? Women placed
on PHT tend to have higher socioeconomic status, more education,
lower body weight and blood pressure, and more favorable lipid pro-
files than nonusers—all factors that independently decrease the risk
of CHD. This phenomenon has been called the healthy user effect.
Physicians may also choose to prescribe PHT to women they deem to
be healthier. Women at risk for certain conditions, such as breast can-
cer, may not be placed on PHT, which could decrease the number of
PHT-associated cases of breast cancer in observational studies. In ad-
dition, individuals who continue to take medication, including placebo,
have decreased overall mortality. This phenomenon is known as com-
pliance bias and could contribute to the better outcomes for PHT users
in observational studies. It is also possible that the type of PHT was
a factor in the paradoxical results of the randomized clinical trials.
Combined continuous estrogen plus progestin was used in both trials,
because it was the most widely prescribed preparation and it does not
induce menstrual bleeding (although many women do experience ir-
regular bleeding early in therapy), permitting blinding of the trial. The
progestin used was medroxyprogester-

TABLE 5-2 Hormone Replacement Therapy Use in 10,000 Women: Benefits and Harms per Year

one acetate, which has been shown to

Relative Risk [95%
Confidence Interval (CI)] from
Review and Meta-analysis

have a number of adverse metabolic ef-
fects, such as antagonizing the benefi-
cial effects of estrogen on lipids and in-

Hazard Ratio (95% CI) from
WHI

Benefits (prevention)

Hip fractures

Wrist fractures

Vertebral fractures

Cases of colon cancer
Uncertain benefits

Cases of dementia prevented
Harms (caused)

Coronary heart disease

Strokes

Thromboembolic events

Thromboembolic events during first year

0.76 (0.56—1.01)
0.4 (0.23-0.84)
0.60 (0.36-0.99)
0.80 (0.74—0.86)

0.66 (0.53-0.82)

0.91 (0.67-1.33)
1.12 (1.01-1.23)
2.14 (1.64-2.81)
3.49 (2.33-5.59)

Breast cancer cases (<5 years’ use) 1.0 to 1.14

Breast cancer cases (5 years’ use) 1.23 to 1.35
Cholecystitis cases (<5 years’ use) 1.8 (1.6-2.0)
Cholecystitis cases (5 years’ use) 2.5 (2.0-2.9)

sulin sensitivity. Progestins may also
abolish the beneficial direct vascular
actions of estrogen and increase the
risk for breast cancer. The estrogen-
alone component of the WHI will
determine whether the progestin ac-
counted for the increased risk of PHT.
The oral route of administration results
in first-pass hepatic metabolism that in-
duces the production of several clotting

0.66 (0.33—1.33)
NA

0.66 (0.32—1.34)

0.63 (0.32—-1.24)

NA
1.29 (1.02-1.63)

1.41 (0.86-2.31)
2.11 (1.26-3.55)

NA factors. It remains possible that more
NA physiologic PHT, such as transdermal
1.26 (1.00-1.59) estradiol, may not have the adverse ef-
E: fects of other forms of PHT. This hy-

Note: WHI, Women’s Health Initiative; NA, not applicable.

Source: From Nelson, with permission.

pothesis needs to be tested in random-
ized clinical trials.



Diabetes Mellitus (See also Chap. 323) Women are more sensitive to
insulin than men. Despite this, the prevalence of type 2 diabetes mel-
litus (DM) is higher in women, in part related to the higher prevalence
of obesity among women. Polycystic ovary syndrome and gestational
diabetes mellitus—common conditions in premenopausal women—
are associated with a significantly increased risk for type 2 DM. Pre-
menopausal women with DM lose the cardioprotective effect of female
sex and have identical rates of CHD to those in males. This finding is
partially explained by the coexistence of several CHD risk factors:
obesity, hypertension, and dyslipidemia. Premenopausal women with
DM also have impaired endothelial function and reduced coronary
vasodilatory responses, which may predispose to cardiovascular com-
plications.

Hypertension (See also Chap. 230) After age 60 years, hypertension
is more common in U.S. women than in men, largely because of the
high prevalence of hypertension in older age groups and the longer
survival of women. Isolated systolic hypertension is present in 30%
of women >60 years. Sex hormones affect blood pressure. Both nor-
motensive and hypertensive women have higher blood pressure levels
during the follicular than during the luteal phase. In the Nurses Health
Study, the relative risk of hypertension was 1.8 in current users of oral
contraceptives, but this risk is lower with the newer low-dose contra-
ceptive preparations. PHT is not associated with hypertension. Among
secondary causes of hypertension, there is a female preponderance of
renal artery fibromuscular dysplasia.

The benefits of treatment for hypertension have been dramatic in
both women and men. In a meta-analysis of the effects of hypertension
treatment, the Individual Data Analysis of Antihypertensive Interven-
tion Trial found a reduction of risk for stroke and for major cardio-
vascular events in women. The effectiveness of various antihyperten-
sive drugs appears to be comparable in women and men; however,
women may experience more side effects. For example, women are
more likely to develop cough with angiotensin-converting enzyme in-
hibitors.

Autoimmune Disorders (See also Chap. 299) Most autoimmune disor-
ders occur more commonly in women than in men; these include au-
toimmune thyroid and liver diseases, lupus, rheumatoid arthritis, scle-
roderma, multiple sclerosis, and idiopathic thrombocytopenic purpura.
However, there is no sex difference in the incidence of type 1 DM,
and ankylosing spondylitis occurs more commonly in men. There are
relatively few differences in bacterial disease infection rates in men
and women. In general, sex differences in viral diseases can be ac-
counted for by differences in behaviors, such as exposures or rates of
immunization. There are, however, sex differences in HIV infection
(see below). Sex differences in both immune responses and adverse
reactions to vaccines have been reported. For example, there is a fe-
male preponderance of postvaccination arthritis.

The mechanisms for these sex differences remain obscure. Adap-
tive immune responses are more robust in women than in men, which
may be explained by the stimulatory actions of estrogens and the in-
hibitory actions of androgens on the cellular mediators of immunity.
Consistent with an important role for gonadal hormones, there is vari-
ation in immune responses during the menstrual cycle, and the activity
of certain autoimmune disorders is altered by castration or pregnancy
(e.g., rheumatoid arthritis and multiple sclerosis may remit during
pregnancy). Nevertheless, the majority of studies show that exogenous
estrogens and progestins in the form of PHT or oral contraceptives do
not alter autoimmune disease incidence or activity. Exposure to fetal
antigens, including circulating fetal cells that persist in certain tissues,
has been speculated to increase the risk of autoimmune responses.
There is clearly an important genetic component to autoimmunity, as
indicated by the familial clustering and HLA association of many such
disorders. However, HLA types are not sexually dimorphic.

HIV Infection (See also Chap. 173) AIDS is an important cause of
death in younger women (Fig. 5-1). Heterosexual contact with an at-
risk partner is the fastest-growing transmission category, and women
are twice as likely as men to be infected by a partner. Women are also
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more likely to be infected by multiple variants of the virus than men.
Women with HIV have more rapid decreases in their CD4 cell counts
than men. Compared with men, HIV-infected women more frequently
develop candidiasis, but Kaposi’s sarcoma is less common than in men.

Other sexually transmitted diseases, such as chlamydial infection
and gonorrhea, are important causes of infertility in women, and pap-
illoma virus infection predisposes to cervical cancer.

Osteoporosis (See also Chap. 333) Osteoporosis is much more prev-
alent in postmenopausal women than in age-matched men, and osteo-
porotic hip fractures are a major cause of morbidity in elderly women.
Men accumulate more bone mass, and lose bone more slowly, than
women. Sex differences in bone mass are found as early as infancy.
Calcium intake, vitamin D, and estrogen all play important roles in
bone formation and bone loss. Particularly during adolescence, cal-
cium intake is an important determinant of peak bone mass. Vitamin
D deficiency is surprisingly common in elderly women, occurring in
>40% of women living in northern latitudes. Receptors for estrogens
and androgens have been identified in bone. Estrogen deficiency is
associated with increased osteoclast activity and a decreased number
of bone-forming units, leading to net bone loss. The aromatase en-
zyme, which converts androgens to estrogens, is also present in bone.
Recent studies show that estrogen is an important determinant of bone
mass in men (derived from the aromatization of androgens) as well as
in women.

Pharmacology On average, women have lower body weights, smaller
organs, higher percent body fat, and lower total body water than men.
There are also important sex differences in drug action and metabolism
that are not accounted for by these differences in body size and com-
position. Gonadal steroids alter the binding and metabolism of a num-
ber of drugs. Further, menstrual cycle phase and pregnancy can alter
drug action. Women require lower doses of neuroleptics to control
schizophrenia. Women awaken from anesthesia faster than men given
the same doses of anesthetics. Women also take more medications than
men, including over-the-counter formulations and supplements. The
greater use of medications combined with these biologic differences
may account for the reported higher frequency of adverse drug reac-
tions in women than in men.

Psychological Disorders (See also Chap. 371) Depression, anxiety, and
affective and eating disorders (bulimia and anorexia nervosa) are more
common in women than in men. Epidemiologic studies from both
developed and developing nations consistently find major depression
to be twice as common in women as in men, with the sex difference
becoming evident in early adolescence. Depression occurs in 10% of
women during pregnancy and in 10 to 15% of women during the
postpartum period. There is a high likelihood of recurrence of post-
partum depression with subsequent pregnancies. The incidence of ma-
jor depression diminishes after age 45 years and does not increase with
the onset of menopause. Depression in women appears to have a worse
prognosis than in men; episodes last longer and there is a lower rate
of spontaneous remission. Schizophrenia and bipolar disorders occur
at equal rates in men and women, although there may be sex differ-
ences in symptoms.

Both biologic and social factors account for the greater prevalence
depressive disorders in women. Men have higher levels of the neu-
rotransmitter serotonin. Gonadal steroids also affect mood, and fluc-
tuations during the menstrual cycle have been linked to symptoms of
premenstrual syndrome.

Substance Abuse and Tobacco (See also Chaps. 372 and 375) Substance
abuse is more common in men than women. However, one-third of
Americans who suffer from alcoholism are women. Women alcoholics
are less likely to be diagnosed than men. A greater proportion of men
than women seek help for alcohol and drug abuse. Men are more likely
to go to an alcohol or drug treatment facility, while women tend to
approach a primary care physician or mental health professional for
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help under the guise of a psychosocial problem. Late-life alcoholism
is more common in women than men. On average, alcoholic women
drink less than alcoholic men but exhibit the same degree of impair-
ment. Blood alcohol levels are higher in women than in men after
drinking equivalent amounts of alcohol, adjusted for body weight. This
greater bioavailability of alcohol in women is due both to the smaller
volume of distribution and the slower gastric metabolism of alcohol
secondary to lower activity of gastric alcohol dehydrogenase than in
men. In addition, alcoholic women are more likely to abuse tranquil-
izers, sedatives, and amphetamines. Women alcoholics have a higher
mortality rate than do nonalcoholic women and alcoholic men. Women
also appear to develop alcoholic liver disease and other alcohol-related
diseases with shorter drinking histories and lower levels of alcohol
consumption. Alcohol abuse also poses special risks to a woman, ad-
versely affecting fertility and the health of the baby (fetal alcohol syn-
drome). Even moderate alcohol use increases the risk of breast cancer,
hypertension, and stroke in women.

More men than women smoke tobacco, but the prevalence of smok-
ing is declining faster in men than women. Smoking markedly in-
creases the risk of cardiovascular disease in premenopausal women
and is also associated with a decrease in the age of menopause. Women
who smoke are more likely to develop chronic obstructive pulmonary
disease and lung cancer than men and at lower levels of tobacco ex-
posure.

Violence Against Women (See also Chap. 371) Domestic violence is the
most common cause of physical injury in women, exceeding the com-
bined incidence of all other types of injury (such as from rape, mug-
ging, and auto accidents). Sexual assault is one of the most common
crimes against women. One in five adult women in the United States
reports having experienced sexual assault during her lifetime. Adult
women are much more likely to be raped by a spouse, ex-spouse, or
acquaintance than by a stranger. Domestic violence may be an unrec-
ognized feature of certain clinical presentations such as chronic ab-

dominal pain, headaches, substance abuse, and eating disorders, in
addition to more obvious manifestations such as trauma.

SUMMARY Women’s health has become a mature discipline over the
past decade. The importance of sex differences in biologic processes
is now recognized. It is clear that understanding the mechanisms of
these differences will have an impact not only on women’s but also
on men’s health. For example, estrogen is now recognized as an im-
portant regulator of bone density in men as well as in women. Eluci-
dating the biology of sex hormone action has resulted in the design of
drugs with tissue-specific hormone agonist and antagonist effects.
These discoveries will make it feasible to selectively modulate the
actions of sex hormones in both women and men to prevent and treat
disease.
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s MEDICAL DISORDERS DURING PREGNANCY

Robert L. Barbieri, John T. Repke

Approximately 4 million births occur in the United States each year.
A significant proportion of these are complicated by one or more med-
ical disorders. Two decades ago, many medical disorders were con-
traindications to pregnancy. Advances in obstetrics, neonatology, ob-
stetric anesthesiology, and medicine have increased the expectation
that pregnancy will result in an excellent outcome for both mother and
fetus despite most of these conditions. Successful pregnancy requires
important physiologic adaptations, such as a marked increase in car-
diac output. Medical problems that interfere with the physiologic ad-
aptations of pregnancy increase the risk for poor pregnancy outcome;
conversely, in some instances pregnancy may adversely impact an
underlying medical disorder.

HYPERTENSION (See also Chap. 230) In pregnancy, cardiac output in-
creases by 40%, most of which is due to an increase in stroke volume.
Heart rate increases by approximately 10 beats per minute during the
third trimester. In the second trimester of pregnancy, systemic vascular
resistance decreases and this is associated with a fall in blood pressure.
During pregnancy, a blood pressure of 140/90 mmHg is considered to
be abnormally elevated and is associated with a marked increase in
perinatal morbidity and mortality. In all pregnant women, the meas-
urement of blood pressure should be performed in the sitting position,
because for many the lateral recumbent position is associated with a
blood pressure lower than that recorded in the sitting position. The
diagnosis of hypertension requires the measurement of two elevated
blood pressures, at least 6 h apart. Hypertension during pregnancy is

usually caused by preeclampsia, chronic hypertension, gestational hy-
pertension, or renal disease.

Preeclampsia Approximately 5 to 7% of all pregnant women develop
preeclampsia, the new onset of hypertension (blood pressure > 140/
90 mmHg), proteinuria (>300 mg/24 h), and pathologic edema during
gestation. Although the precise placental factors that cause pre-
eclampsia are unknown, the end result is vasospasm and endothelial
injury in multiple organs. Excessive placental secretion of an fms-like
tyrosine kinase 1 may contribute to the endothelial dysfunction, hy-
pertension, and proteinuria observed in preeclampsia. Glomerular en-
dothelial cells demonstrate swelling and encroach on the vascular
lumen. Preeclampsia is associated with abnormalities of cerebral
circulatory autoregulation, which increase the risk of stroke at near-
normal blood pressures. Risk factors for the development of preec-
lampsia include nulliparity, diabetes mellitus, a history of renal disease
or chronic hypertension, a prior history of preeclampsia, extremes of
maternal age (>35 years or <15 years), obesity, factor V Leiden mu-
tation, angiotensinogen gene T235, antiphospholipid antibody syn-
drome, and multiple gestation.

There are no well-established strategies for the prevention of pre-
eclampsia. Clinical trials have demonstrated that low-dose aspirin
treatment does not prevent preeclampsia in either low- or high-risk
women. Two meta-analyses reported that dietary calcium supplemen-
tation appeared to be effective in reducing the risk of developing pre-
eclampsia. Subsequently, however, a large randomized clinical trial in



low-risk women did not demonstrate a protective effect of calcium
supplementation. Therefore, calcium supplementation may be consid-
ered in women at high risk for preeclampsia (see above). The obser-
vation that dietary intervention may reduce the risk of hypertension in
men and nonpregnant women raises the possibility that dietary manip-
ulations will be discovered that reduce the risk of preeclampsia.

Severe preeclampsia is the presence of new-onset hypertension and
proteinuria accompanied by central nervous system dysfunction (head-
aches, blurred vision, seizures, coma), marked elevations of blood
pressure (>160/110 mmHg), severe proteinuria (>5 g/24 h), oliguria
or renal failure, pulmonary edema, hepatocellular injury (ALT > 2 X
the upper limits of normal), thrombocytopenia (platelet count <
100,000/uL), or disseminated intravascular coagulation. Women with
mild preeclampsia are those with the diagnosis of new-onset hyper-
tension, proteinuria, and edema without evidence of severe preec-
lampsia. The HELLP (hemolysis, elevated /iver enzymes, low plate-
lets) syndrome is a special subgroup of severe preeclampsia and is a
major cause of morbidity and mortality in this disease. The presence
of platelet dysfunction and coagulation disorders further increases the
risk of stroke.

TREATMENT

Preeclampsia resolves within a few weeks after delivery. For pregnant
women with preeclampsia prior to 37 weeks’ gestation, delivery re-
duces the mother’s morbidity but exposes the fetus to the risk of pre-
mature delivery. The management of preeclampsia is challenging be-
cause it requires the clinician to balance the health of both mother and
fetus simultaneously and to make management decisions that afford
both the best opportunities for infant survival. In general, prior to term,
women with mild preeclampsia can be managed conservatively with
bed rest, close monitoring of blood pressure and renal function, and
careful fetal surveillance. For women with severe preeclampsia, deliv-
ery is recommended after 32 weeks’ gestation. This reduces maternal
morbidity and slightly increases the risks associated with prematurity
for the newborn. Prior to 32 weeks’ gestation, the risks of prematurity
for the fetus are great, and some authorities recommend conservative
management to allow for continued fetal maturation. Expectant man-
agement of severe preeclampsia remote from term affords some ben-
efits for the fetus with significant risks for the mother. Such manage-
ment should be restricted to tertiary care centers where maternal-fetal
medicine, neonatal medicine, and critical care medicine expertise are
available.

The definitive treatment of preeclampsia is delivery of the fetus
and placenta. For women with severe preeclampsia, aggressive man-
agement of blood pressures > 160/110 mmHg reduces the risk of
cerebrovascular accidents.

Intravenous labetalol or hydralazine are the drugs most commonly
used to manage preeclampsia. Alternative agents such as calcium
channel blockers may be used. Elevated arterial pressure should be
reduced slowly to avoid hypotension and a decrease in blood flow to
the fetus. Angiotensin-converting enzyme (ACE) inhibitors as well as
angiotensin-receptor blockers should be avoided in the second and
third trimesters of pregnancy because of their adverse effects on fetal
development. Pregnant women treated with ACE inhibitors often de-
velop oligohydramnios, which may be caused by decreased fetal renal
function.

Magnesium sulfate is the treatment of choice for the prevention
and treatment of eclamptic seizures. Two large randomized clinical
trials have demonstrated the superiority of magnesium sulfate over
phenytoin and diazepam, and a recent large randomized clinical trial
has demonstrated the efficacy of magnesium sulphate in reducing the
risk of seizure and possible reducing the risk of maternal death. Mag-
nesium may prevent seizures by interacting with N-methyl-D-aspartate
(NMDA) receptors in the central nervous system. Given the difficulty
of predicting eclamptic seizures on the basis of disease severity, it is
recommended that once the decision to proceed with delivery is made,
all patients carrying a diagnosis of preeclampsia be treated with mag-
nesium sulfate (see Guideline).
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REGIMENS FOR THE ADMINISTRATION OF MAGNESIUM SULFATE FOR
SEIZURE PROPHYLAXIS IN WOMEN IN LABOR WITH PREECLAMPSIA

Intramuscular

10 g (5 g IM deep in each
buttock)®

5 g IM deep g4h,
alternating sides

Intravenous

6-g bolus over 15 min

1-3 g/h by continuous infusion
pump

May be mixed in 100 mL
crystalloid; if given by
intravenous push, make up as
20% solution; push at
maximum rate of 1g/min

40-g MgSO,7H,0 in 1000 mL
Ringers lactate; run at 25-75
mL/h (1-3 g/h)

¢ Made up as 50% solution

Chronic Essential Hypertension Pregnancy complicated by chronic es-
sential hypertension is associated with intrauterine growth restriction
and increased perinatal mortality. Pregnant women with chronic hy-
pertension are at increased risk for superimposed preeclampsia and
abruptio placenta. Women with chronic hypertension should have a
thorough prepregnancy evaluation, both to identify remediable causes
of hypertension and to ensure that the prescribed antihypertensive
agents are not associated with an adverse outcome of pregnancy (e.g.,
ACE inhibitors, angiotensin-receptor blockers). a-Methyldopa and la-
betalol are the most commonly used medications for the treatment of
chronic hypertension in pregnancy. Baseline evaluation of renal func-
tion is necessary to help differentiate the effects of chronic hyperten-
sion versus superimposed preeclampsia should the hypertension
worsen during pregnancy. There are no convincing data that demon-
strate that treatment of mild chronic hypertension improves perinatal
outcome.

Gestational Hypertension This is the development of elevated blood
pressure during pregnancy or in the first 24 h post partum in the ab-
sence of preexisting chronic hypertension and other signs of preec-
lampsia. Uncomplicated gestational hypertension that does not pro-
gress to preeclampsia has not been associated with adverse pregnancy
outcome or adverse long-term prognosis.

RENAL DISEASE (See also Chaps. 259 and 267) Normal pregnancy is
characterized by an increase in glomerular filtration rate and creatinine
clearance. This occurs secondary to a rise in renal plasma flow and
increased glomerular filtration pressures. Patients with underlying re-
nal disease and hypertension may expect a worsening of hypertension
during pregnancy. If superimposed preeclampsia develops, the addi-
tional endothelial injury results in a capillary leak syndrome that may
make the management of these patients challenging. In general, pa-
tients with underlying renal disease and hypertension benefit from
more aggressive management of blood pressure than do those with
gestational hypertension. Preconception counseling is also essential for
these patients so that accurate risk assessment can occur prior to the
establishment of pregnancy and important medication changes and ad-
justments can be made. In general, a prepregnancy serum creatinine
level <133 umol/L (<1.5 mg/dL) is associated with a favorable prog-
nosis. When renal disease worsens during pregnancy, close collabo-
ration between the nephrologist and the maternal-fetal medicine spe-
cialist is essential so that decisions regarding delivery can be weighed
in the context of sequelae of prematurity for the neonate versus long-
term sequelae for the mother with respect to future renal function.

Post-Renal Transplant Successful pregnancy after renal transplantation
has been reported increasingly. Predictors for success include a nor-
mally functioning transplanted kidney, absence of rejection for at least
2 years prior to the pregnancy, absence of hypertension, and preferably
minimal doses of immunosuppressant medications. Pregnancies in
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women using cyclosporine are more likely to be complicated by renal
insufficiency and/or the development of hypertension. Such patients
require very careful maternal and fetal surveillance. Nearly half of
these pregnancies deliver preterm, and 20% of neonates are small for
their gestational age. Rejection occurs in ~10% of pregnancies, and
~15% of patients will have deterioration in their renal function that
persists after delivery. While pregnancy is generally well tolerated in
renal transplant recipients, controversy remains as to whether or not
deterioration of graft function is accelerated by pregnancy. More ag-
gressive management of blood pressure has been suggested in this
group of patients in an effort to protect the grafted kidney.

Systemic Lupus Erythematosus (SLE) Another subset of patients with
chronic renal disease and hypertension are those patients whose preg-
nancies are complicated by SLE (Chap. 300). In the past, SLE was
considered to be a contraindication to pregnancy. With improved un-
derstanding of the effects of SLE on pregnancy, and vice versa, and
with improved pharmacologic methods for managing SLE, successful
pregnancy outcome is likely. Good prognostic factors for establish-
ment of pregnancy in the presence of SLE are as follows:

1. Disease quiescence > 6 months

Normal blood pressure (with or without medication)

Normal renal function [creatinine < 133 wmol/L (< 1.5 mg/dL)]
Absence of antiphospholipid antibodies

Minimal or no need for immunosuppressive drugs

Absence of prior adverse reproductive outcome

SANAIF I e

Previously a point of controversy, there is now increasing consen-
sus that pregnancy and the postpartum period are times of increased
lupus activity. In severe flares early in gestation, pregnancy termina-
tion is often recommended. If pregnancy termination is not an option,
then medical therapy to manage the lupus flare should not be influ-
enced by the pregnancy, provided informed consent for treatment is
obtained from the patient. Pulsed glucocorticoid therapy, azathioprine,
hydroxychloroquine, and cyclophosphamide have all been used suc-
cessfully in pregnancy.

CARDIAC DISEASE m Valvular Heart Disease (See also Chap. 219) This is
the most common cardiac problem complicating pregnancy.

MITRAL STENOSIS ~ This is the valvular disease most likely to cause death
during pregnancy. The pregnancy-induced increase in blood volume,
cardiac output, and tachycardia can cause pulmonary edema in women
with mitral stenosis. Pregnancy associated with long-standing mitral
stenosis may result in pulmonary hypertension. Sudden death has been
reported when hypovolemia has been allowed to occur in this condi-
tion. Careful control of heart rate, especially during labor and delivery,
minimizes the impact of tachycardia and reduced ventricular filling
times on cardiac function. Pregnant women with mitral stenosis are at
increased risk for the development of atrial fibrillation and other tach-
yarrythmias. Medical management of severe mitral stenosis and atrial
fibrillation with digoxin and beta blockers is recommended. Balloon
valvulotomy can be carried out during pregnancy.

MITRAL REGURGITATION AND AORTIC REGURGITATION These are both generally
well tolerated during pregnancy. The pregnancy-induced decrease in
systemic vascular resistance reduces the risk of cardiac failure with
these conditions. As a rule, mitral valve prolapse does not present
problems for the pregnant patient, and aortic stenosis, unless very se-
vere, is well tolerated. In the most severe cases of aortic stenosis,
limitation of activity or balloon valvuloplasty may be indicated.

For women with artificial valves contemplating pregnancy, it is
important that warfarin be stopped and heparin initiated prior to con-
ception. Warfarin therapy during the first trimester of pregnancy has
been associated with fetal chondrodysplasia punctata. In the second
and third trimester of pregnancy, warfarin may cause fetal optic atro-
phy and mental retardation. For women with prosthetic heart valves,
prophylaxis against thrombosis with low-molecular-weight heparin
(LMWH) is not recommended due to reports of valvular thrombosis

despite adequate anticoagulation. Prophylaxis with unfractionated
heparin is recommended for this group of women.

Congenital Heart Disease (See also Chap. 218) The presence of a con-
genital cardiac lesion in the mother increases the risk of congenital
cardiac disease in the newborn. Prenatal screening of the fetus for
congenital cardiac disease with ultrasound is recommended. Atrial or
ventricular septal defect is usually well tolerated during pregnancy in
the absence of pulmonary hypertension, provided that the woman’s
prepregnancy cardiac status is favorable. Use of air filters on intrave-
nous sets during labor and delivery in patients with intracardiac shunts
is generally recommended.

Other Cardiac Disorders Supraventricular tachycardia (Chap. 214) is a
common cardiac complication of pregnancy. Treatment is the same as
in the nonpregnant patient, and fetal tolerance of medications such as
adenosine and calcium channel blockers is acceptable. When neces-
sary, electrocardioversion may be performed and is generally well tol-
erated by mother and fetus.

Peripartum cardiomyopathy (Chap. 221) is a rare disorder of preg-
nancy associated with myocarditis, and its etiology remains unknown.
Treatment is directed toward symptomatic relief and improvement of
cardiac function. Many patients recover completely; others are left
with a progressive dilated cardiomyopathy. Recurrence in a subse-
quent pregnancy has been reported, and women should be counseled
to avoid pregnancy after a diagnosis of peripartum cardiomyopathy.

Specific High-Risk Cardiac Lesions B MARFAN SYNDROME (See also Chap. 342)
This is an autosomal dominant disease, associated with a high risk of
maternal morbidity. Approximately 15% of pregnant women with
Marfan syndrome develop a major cardiovascular manifestation during
pregnancy, with almost all women surviving. An aortic root diameter
<40 mm is considered to be associated with a favorable outcome of
pregnancy. Prophylactic therapy with beta blockers has been advo-
cated, although large-scale clinical trials in pregnancy have not been
performed.

PULMONARY HYPERTENSION (See also Chap. 220) Maternal mortality in the
setting of severe pulmonary hypertension is high, and primary pul-
monary hypertension is a contraindication to pregnancy. Termination
of pregnancy may be advisable in these circumstances to preserve the
life of the mother. In the Eisenmenger syndrome, i.e., the combination
of pulmonary hypertension with right-to-left shunting due to congen-
ital abnormalities (Chap. 218), maternal and fetal death occur fre-
quently. Systemic hypotension may occur after blood loss, prolonged
Valsalva maneuver, or regional anesthesia; sudden death secondary to
hypotension is a dreaded complication. Management of these patients
is challenging, and invasive hemodynamic monitoring during labor
and delivery is generally recommended.

In patients with pulmonary hypertension, vaginal delivery is less
stressful hemodynamically than Cesarean section, which should be
reserved for accepted obstetric indications.

DEEP VENOUS THROMBOSIS AND PULMONARY EMBOLISM (See also Chaps.
232 and 244) A hypercoagulable state is characteristic of pregnancy,
and deep venous thrombosis (DVT) is a common complication. In-
deed, pulmonary embolism is the most common cause of maternal
death in the United States. In pregnant women, DVT occurs much
more commonly in the left leg than in the right leg, due to the com-
pression of the left iliac vein by the right iliac artery and the uterus.
Activated protein C resistance caused by the factor V Leiden mutation
increases the risk for DVT and pulmonary embolism during preg-
nancy. Approximately 25% of women with DVT during pregnancy
carry the factor V Leiden allele. The presence of the factor V Leiden
mutation also increases the risk for severe preeclampsia. If the fetus
carries a factor V Leiden mutation, the risk of extensive placental
infarction is very high. Additional genetic mutations associated with
DVT during pregnancy include the prothrombin G20210A mutation
(heterozygotes and homozygotes) and the methylenetetrahydrofolate
reductase C677T mutation (homozygotes).



TREATMENT

Aggressive diagnosis and management of DVT and suspected pul-
monary embolism optimize the outcome for mother and fetus. In gen-
eral, all diagnostic and therapeutic modalities afforded the nonpregnant
patient should be utilized in pregnancy. Anticoagulant therapy with
LMWH or unfractionated heparin is indicated in pregnant women with
DVT. LMWH may be associated with an increased risk of epidural
hematoma in women receiving an epidural anesthetic in labor. One
approach to this problem is to switch from LMWH heparin to unfrac-
tionated heparin about 2 weeks before the anticipated delivery date.
Warfarin therapy is contraindicated in the first trimester due to its
association with fetal chondrodysplasia punctata. In the second and
third trimesters, warfarin may cause fetal optic atrophy and mental
retardation. When DVT occurs in the postpartum period, LMWH ther-
apy for 7 to 10 days may be followed by warfarin therapy for 3 to 6
months. Warfarin is not contraindicated in breast-feeding women.

ENDOCRINE DISORDERS M Diabetes Mellitus (See also Chap. 323) In
pregnancy, the fetoplacental unit induces major metabolic changes, the
purpose of which is to shunt glucose and amino acids to the fetus
while the mother uses ketones and triglycerides to fuel her metabolic
needs. These metabolic changes are accompanied by maternal insulin
resistance, caused in part by placental production of steroids, a growth
hormone variant, and placental lactogen. Although pregnancy has been
referred to as a state of accelerated starvation, it is better characterized
as accelerated ketosis. In pregnancy, after an overnight fast, plasma
glucose is lower by 0.8 to 1.1 mmol/L (15 to 20 mg/dL) than in the
nonpregnant state. This is due to the use of glucose by the fetus. In
early pregnancy, fasting may result in circulating glucose concentra-
tions in the range of 2.2 mmol/L (40 mg/dL) and may be associated
with symptoms of hypoglycemia. In contrast to the decrease in ma-
ternal glucose concentration, plasma hydroxybutyrate and acetoacetate
levels rise to two to four times normal after a fast.

TREATMENT

Pregnancy complicated by diabetes mellitus is associated with higher
maternal and perinatal morbidity and mortality rates. Preconception
counseling and treatment are important for the diabetic patient con-
templating pregnancy. Optimizing preconception glucose control and
attention to other dietary needs such as appropriate levels of folate can
significantly reduce the risk of congenital fetal malformations. Folate
supplementation reduces the incidence of fetal neural tube defects,
which occur with greater frequency in fetuses of diabetic mothers. In
addition, optimizing glucose control during key periods of organogen-
esis reduces other congenital anomalies including sacral agenesis, cau-
dal dysplasia, renal agenesis, and ventricular septal defect.

Once pregnancy is established, glucose control should be managed
more aggressively than in the nonpregnant state. In addition to dietary
changes, this requires more frequent blood glucose monitoring and
often involves additional injections of insulin or conversion to an in-
sulin pump. Fasting blood glucose levels should be maintained at <5.8
mmol/L (<105 mg/dL) with no values exceeding 7.8 mmol/L (140
mg/dL). Commencing in the third trimester, regular surveillance of
maternal glucose control as well as assessment of fetal growth (ob-
stetric sonography) and fetoplacental oxygenation (fetal heart rate
monitoring or biophysical profile) optimize pregnancy outcome. Preg-
nant diabetic patients without vascular disease are at greater risk for
delivering a macrosomic fetus, and attention to fetal growth via clinical
and ultrasound examinations is important. Fetal macrosomia is asso-
ciated with an increased risk of maternal and fetal birth trauma. Preg-
nant women with diabetes have an increased risk of developing pre-
eclampsia, and those with vascular disease are at greater risk for
developing intrauterine growth restriction, which is associated with an
increased risk of fetal and neonatal death. Excellent pregnancy out-
comes in patients with diabetic nephropathy and proliferative retinop-
athy have been reported with aggressive glucose control and intensive
maternal and fetal surveillance.
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Glycemic control may become more difficult to achieve as preg-
nancy progresses. Because of delayed pulmonary maturation of the
fetuses of diabetic mothers, early delivery should be avoided unless
there is biochemical evidence of fetal lung maturity. In general, efforts
to control glucose and maintain the pregnancy until the estimated date
of delivery result in the best overall outcome for both mother and
newborn.

Gestational Diabetes All pregnant women should be screened for ges-
tational diabetes unless they are in a low-risk group. Women at low
risk for gestational diabetes are those <25 years of age; those with a
body mass index <25 kg/m?, no maternal history of macrosomia or
gestational diabetes, and no diabetes in a first-degree relative; and
those not members of a high-risk ethnic group (African American,
Hispanic, Native American). A typical two-step strategy for establish-
ing the diagnosis of gestational diabetes involves administration of a
50-g oral glucose challenge with a single serum glucose measurement
at 60 min. If the plasma glucose is < 7.8 mmol/L (<140 mg/dL), the
test is considered normal. Serum glucose > 7.8 mmol/L (>140 mg/
dL) warrants administration of a 100-g oral glucose challenge with
serum glucose measurements obtained in the fasting state, and at 1, 2,
and 3 h. Normal values are plasma glucose concentrations <5.8 mmol/
L (<105 mg/dL), 10.5 mmol/L (190 mg/dL), 9.1 mmol/L (165 mg/
dL), and 8.0 mmol/L (145 mg/dL), respectively.

Pregnant women with gestational diabetes are at increased risk of
preeclampsia, delivering infants who are large for their gestational age,
and birth lacerations. Their fetuses are at risk of hypoglycemia and
birth trauma (brachial plexus) injury.

TREATMENT

Gestational diabetes is first treated with dietary measures. Inability to
maintain fasting glucose concentrations <5.8 mmol/L (<105 mg/dL)
or 2-h postprandial glucose concentrations <6.7 mmol/L (<120 mg/
dL) should prompt initiation of insulin therapy. Patients with a diag-
nosis of gestational diabetes will benefit from postpartum follow-up
as they are at increased risk for developing type 2 diabetes.

Thyroid Disease (See also Chap. 320) In pregnancy, the estrogen-
induced increase in thyroxine-binding globulin causes an increase in
circulating levels of total T; and total T,. The normal range of circu-
lating levels of free T, free T5, and thyroid stimulating hormone (TSH)
remain unaltered by pregnancy.

The thyroid gland normally enlarges during pregnancy. Maternal
hyperthyroidism occurs at a rate of approximately 2 per 1000 preg-
nancies and is generally well tolerated by pregnant women. Clinical
signs and symptoms should alert the physician to the occurrence of
this disease. Many of the physiologic adaptations to pregnancy may
mimic subtle signs of hyperthyroidism. Although pregnant women are
able to tolerate mild hyperthyroidism without adverse sequelae, more
severe hyperthyroidism can cause spontaneous abortion or premature
labor, and thyroid storm is associated with a significant risk of mater-
nal mortality.

TREATMENT

Hyperthyroidism in pregnancy should be aggressively evaluated and
treated. The treatment of choice is propylthiouracil. Because it crosses
the placenta, the minimum effective dose should be used to maintain
free T, in the upper normal range. Methimazole crosses the placenta
to a greater degree than propylthiouracil and has been associated with
fetal aplasia cutis. Radioiodine should not be used during pregnancy,
either for scanning or treatment, because of effects on the fetal thyroid.
In emergent circumstances, additional treatment with beta blockers and
a saturated solution of potassium iodide may be necessary. Hyperthy-
roidism is most difficult to control in the first trimester of pregnancy
and easiest to control in the third trimester.

The goal of therapy for hypothyroidism is to maintain the serum
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TSH in the normal range, and thyroxine is the drug of choice. Children
born to women with an elevated serum TSH (and a normal total thy-
roxine) during pregnancy have impaired performance on neuropsy-
chologic tests. During pregnancy, the dose of thyroxine required to
keep the TSH in the normal range rises. In one study, the mean re-
placement dose of thyroxine required to maintain the TSH in the nor-
mal range was 0.1 mg daily before pregnancy, and it increased to
0.15 mg daily during pregnancy.

HEMATOLOGIC DISORDERS Pregnancy has been described as a state of
physiologic anemia. Part of the reduction in hemoglobin concentration
is dilutional, but iron and folate deficiencies are the major causes of
correctable anemia during pregnancy. Folic acid food supplementation
implemented in 1998 has reduced the risk of fetal neural tube defects.

In populations at high risk for hemoglobinopathies (Chap. 91), he-
moglobin electrophoresis should be performed as part of the prenatal
screen. Hemoglobinopathies can be associated with increased maternal
and fetal morbidity and mortality. Management is tailored to the spe-
cific hemoglobinopathy and is generally the same for both pregnant
and nonpregnant women. Prenatal diagnosis of hemoglobinopathies in
the fetus is readily available and should be discussed with prospective
parents either prior to or early in pregnancy.

Thrombocytopenia occurs commonly during pregnancy. The ma-
jority of cases are benign gestational thrombocytopenias, but the dif-
ferential diagnosis should include immune thrombocytopenia (Chap.
101) and preeclampsia. Maternal thrombocytopenia may also be
caused by catastrophic obstetric events such as retention of a dead
fetus, sepsis, abruptio placenta, and amniotic fluid embolism.

NEUROLOGIC DISORDERS Headache appearing during pregnancy is usu-
ally due to migraine (Chap. 14), a condition that may worsen, improve,
or be unaffected by pregnancy. A new or worsening headache, partic-
ularly if associated with visual blurring, may signal eclampsia (above)
or pseudotumor cerebri (benign intracranial hypertension; Chap. 25);
diplopia due to a sixth nerve palsy suggests pseudotumor cerebri. The
risk of seizures in patients with epilepsy increases in the postpartum
period but not consistently during pregnancy; management is dis-
cussed in Chap. 348. The risk of stroke is generally thought to increase
during pregnancy because of a hypercoagulable state; however, studies
suggest that the period of risk occurs primarily in the postpartum pe-
riod and that both ischemic and hemorrhagic strokes may occur at this
time. Guidelines for use of heparin therapy are summarized above (see
“Deep Venous Thrombosis and Pulmonary Embolism”); warfarin is
teratogenic and should be avoided. The onset of a new movement
disorder during pregnancy suggests chorea gravidarum, a variant of
Sydenham’s chorea associated with rheumatic fever and streptococcal
infection (Chap. 121); the chorea may recur with subsequent pregnan-
cies. Patients with preexisting multiple sclerosis (Chap. 359) experi-
ence a gradual decrease in the risk of relapses as pregnancy progresses
and, conversely, an increase in attack risk during the postpartum pe-
riod. Beta interferons should not be administered to pregnant MS pa-
tients, but moderate or severe relapses can be safely treated with pulse
glucocorticoid therapy. Finally, certain tumors, particularly pituitary
adenoma and meningioma (Chap. 358), may manifest during preg-
nancy because of accelerated growth, possibly driven by hormonal
factors.

Peripheral nerve disorders associated with pregnancy include Bell’s
palsy (idiopathic facial paralysis, Chap. 363), which is approximately
threefold more likely to occur during the third trimester and immediate
postpartum period than in the general population. Therapy with glu-
cocorticoids should follow the guidelines established for nonpregnant
patients; however, acyclovir should probably be avoided, particularly
during the first two trimesters. Entrapment neuropathies (Chap. 363)
are common in the later stages of pregnancy, presumably as a result
of fluid retention. Carpal tunnel syndrome (median nerve) presents as
pain and paresthesia in the hand, often worse at night, and later with
weakness in the thenar muscles. Treatment is generally conservative;

wrist splints may be helpful, and glucocorticoid injections or surgical
section of the carpal tunnel can usually be postponed. Meralgia pa-
resthetica (lateral femoral cutaneous nerve) consists of pain and numb-
ness in the lateral aspect of the thigh without weakness. Patients are
usually reassured to learn that these symptoms are benign and can be
expected to remit spontaneously after the pregnancy has been com-
pleted.

Judicious use of neuroimaging procedures is reasonable during
pregnancy. Some centers require that formal consent be obtained from
pregnant patients before magnetic resonance imaging (MRI) scans are
administered. Experimental data indicate that high-field-strength MRI
may be teratogenic to rodents; however, studies in pregnant MRI tech-
nicians have failed to show any risk to the fetus, even with chronic
exposure. The paramagnetic MRI contrast agent gadolinium is usually
not administered, particularly during the first trimester, because it
crosses the blood-brain barrier. Computed tomography scanning of the
brain is also considered safe, particularly as the procedure is fast, little
radioactive scatter is produced, and pelvic contents are easily shielded;
iodinated contrast media should be avoided whenever possible.

GASTROINTESTINAL AND LIVER DISEASE Up to 90% of pregnant women
experience nausea and vomiting during the first trimester of pregnancy.
Occasionally, hyperemesis gravidarum requires hospitalization to pre-
vent dehydration, and sometimes parenteral nutrition is required.

Crohn’s disease may be associated with exacerbations in the second
and third trimesters. Ulcerative colitis is associated with disease ex-
acerbations in the first trimester and during the early postpartum pe-
riod. Medical management of these diseases during pregnancy is iden-
tical to the management in the nonpregnant state (Chap. 276).

Exacerbation of gall bladder disease is commonly observed during
pregnancy. In part this may be due to pregnancy-induced alteration in
the metabolism of bile and fatty acids. Intrahepatic cholestasis of preg-
nancy is generally a third-trimester event. Profound pruritus may ac-
company this condition, and it may be associated with increased fetal
mortality. It has been suggested that placental bile salt deposition may
contribute to progressive uteroplacental insufficiency. Therefore, reg-
ular fetal surveillance should be undertaken once the diagnosis of in-
trahepatic cholestasis is made. Favorable results with ursodiol have
been reported.

Acute fatty liver is a rare complication of pregnancy. Frequently
confused with the HELLP syndrome (see “Preeclampsia,” above) and
severe preeclampsia, the diagnosis of acute fatty liver of pregnancy
may be facilitated by imaging studies and laboratory evaluation. Acute
fatty liver of pregnancy is generally characterized by markedly in-
creased levels of bilirubin and ammonia and by hypoglycemia. Man-
agement of acute fatty liver of pregnancy is supportive; recurrence in
subsequent pregnancies has been reported.

All pregnant women should be screened for hepatitis B. This in-
formation is important for pediatricians after delivery of the infant.
All infants receive hepatitis B vaccine. Infants born to mothers who
are carriers of hepatitis B surface antigen should also receive hepatitis
B immune globulin as soon after birth as possible and preferably
within the first 72 h.

INFECTIONS m Bacterial Infections Other than bacterial vaginosis, the
most common bacterial infections during pregnancy involve the uri-
nary tract (Chap. 269). Many pregnant women have asymptomatic
bacteriuria, most likely due to stasis caused by progestational effects
on ureteral and bladder smooth muscle and to compression effects of
the enlarging uterus. In itself, this condition is not associated with an
adverse outcome of pregnancy. However, if asymptomatic bacteriuria
is left untreated, symptomatic pyelonephritis may occur. Indeed,
~75% of cases of pregnancy-associated pyelonephritis are the result
of untreated asymptomatic bacteriuria. All pregnant women should be
screened with a urine culture for asymptomatic bacteriuria at the first
prenatal visit. Subsequent screening with nitrite/leukocyte esterase
strips is indicated for high-risk women, such as those with sickle cell
trait or a history of urinary tract infections. All women with positive
screens should be treated.



Because of the association between bacterial vaginosis and preterm
delivery, screening for bacterial vaginosis has been used in an effort
to reduce risk. However, standard treatment for bacterial vaginosis
does not reduce the risk of preterm delivery.

Abdominal pain and fever during pregnancy create a clinical di-
lemma. The diagnosis of greatest concern is intrauterine amniotic in-
fection. While amniotic infection most commonly follows rupture of
the membranes, this is not always the case. In general, antibiotic ther-
apy is not recommended as a temporizing measure in these circum-
stances. If intrauterine infection is suspected, induced delivery with
concomitant antibiotic therapy is generally indicated. Intrauterine am-
niotic infection is most often caused by pathogens such as Escherichia
coli and group B streptococcus. In high-risk patients at term or in
preterm patients, routine intrapartum prophylaxis of group B strepto-
coccal (GBS) disease is recommended. Penicillin G and ampicillin are
the drugs of choice. In penicillin-allergic patients, clindamycin is rec-
ommended. Recently, it has been reported that universal screening of
pregnant women for GBS disease may be superior to treatment based
on presence of risk factors alone.

Postpartum infection is a significant cause of maternal morbidity
and mortality. While rare after vaginal delivery, postpartum endo-
myometritis develops in 5% of patients having elective repeat cesarean
section and in 25% of patients after emergency cesarean section fol-
lowing prolonged labor. Prophylactic antibiotics should be given to all
patients undergoing cesarean section. As most cases of postpartum
endomyometritis are polymicrobial, broad-spectrum antibiotic cover-
age with a penicillin, aminoglycoside, and metronidazole is recom-
mended (Chap. 148). Most cases resolve within 72 h. Women who do
not respond to antibiotic treatment for postpartum endomyometritis
should be evaluated for septic pelvic thrombophlebitis. Imaging stud-
ies may be helpful in establishing the diagnosis, which is primarily a
clinical diagnosis of exclusion. Patients with septic pelvic thrombo-
phlebitis generally have tachycardia out of proportion to their fever
and respond rapidly to intravenous administration of heparin.

All patients are screened prenatally for gonorrhea and chlamydial
infections, and the detection of either should result in prompt treat-
ment. Ceftriaxone and azithromycin are the agents of choice (Chaps.
128 and 160).

Viral Infections W CYTOMEGALOVIRUS INFECTION ~ Viral infection in pregnancy
presents a significant challenge. The most common cause of congenital
viral infection in the United States is cytomegalovirus (CMV) (Chap.
166). As many as 50 to 90% of women of childbearing age have
antibodies to CMV, but only rarely does CMV reactivation result in
neonatal infection. More commonly, primary CMV infection during
pregnancy creates a risk of congenital CMV. No currently accepted
treatment of CMV during pregnancy has been demonstrated to protect
the fetus effectively. Moreover, it is impossible to predict which fetus
will sustain life-threatening CMV infection. Severe CMV disease in
the newborn is characterized most often by petechiae, hepatospleno-
megaly, and jaundice. Chorioretinitis, microcephaly, intracranial cal-
cifications, hepatitis, hemolytic anemia, and purpura may also develop.
Central nervous system involvement, resulting in the development of
psychomotor, ocular, auditory, and dental abnormalities over time, has
been described.

RUBELLA (See also Chap. 177) Rubella virus is a known teratogen; first-
trimester rubella carries a high risk of fetal anomalies, though the risk
decreases significantly later in pregnancy. Congenital rubella may be
diagnosed by percutaneous umbilical blood sampling with the detec-
tion of IgM antibodies in fetal blood. All pregnant women should be
screened for their immune status to rubella. Indeed, all women of
childbearing age, regardless of pregnancy status, should have their
immune status for rubella verified and be immunized if necessary. The
incidence of congenital rubella in the United States is extremely low.

HERPESVIRUS (See also Chap. 163) The acquisition of genital herpes
during pregnancy is associated with spontaneous abortion, prematu-
rity, and congenital and neonatal herpes. A recent cohort study of
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pregnant women without evidence of previous herpes infection dem-
onstrated that ~2% of the women acquired a new herpes infection
during the pregnancy. Approximately 60% of the newly infected
women had no clinical symptoms. Infection occurred equally in all
three trimesters. If herpes seroconversion occurred early in pregnancy,
the risk of transmission to the newborn was very low. In women who
acquired genital herpes shortly before delivery, the risk of transmission
was high. The risk of active genital herpes lesions at term can be
reduced by prescribing acyclovir for the last 4 weeks of pregnancy to
women who have had their first episode of genital herpes during the
pregnancy. However, whether or not this strategy results in less viral
shedding or enhanced fetal protection at delivery remains to be deter-
mined.

Herpesvirus infection in the newborn can be devastating. Dissem-
inated neonatal herpes carries with it high mortality and morbidity
rates from central nervous system involvement. It is recommended that
pregnant women with active genital herpes lesions at the time of pre-
sentation in labor be delivered by cesarean section.

PARVOVIRUS (See also Chap. 168) Parvovirus infection (human par-
vovirus B19) may occur during pregnancy. It rarely causes sequelae,
but susceptible women infected during pregnancy may be at risk for
fetal hydrops secondary to erythroid aplasia and profound anemia.

TOXOPLASMOSIS (See also Chap. 198) In the United States, approxi-
mately 70% of women of childbearing age are susceptible to Toxo-
plasma. Most primary infections of toxoplasmosis in the United States
come from eating undercooked meat. The diagnosis of congenital tox-
oplasmosis is possible through sampling of fetal umbilical blood. If
there is no evidence of placental/fetal infection, single-drug treatment
with spiramycin is recommended. Triple-drug therapy with spiramy-
cin, pyrimethamine, and sulfa is recommended if there is evidence of
fetal infection and the woman does not wish to terminate the pregnancy
or cannot terminate it because of advanced gestational age. Prenatal
treatment has been shown to reduce the number of infants with severe
infection.

HUMAN IMMUNODEFICIENCY VIRUS (HIV) (See also Chap. 173) The predom-
inant cause of HIV infection in children is transmission of the virus
from the mother to the newborn during the perinatal period. Exposures,
which increase the risk of mother-to-child transmission, include vagi-
nal delivery, preterm delivery, trauma to the fetal skin, and maternal
bleeding. Additionally, recent infection with high maternal viral load,
low maternal CD4+T cell count, prolonged labor, prolonged length
of membrane rupture, and the presence of other genital tract infections,
such as syphilis or herpes, increase the risk of transmission. Breast
feeding may also transmit HIV to the newborn and is therefore con-
traindicated in most developed countries for HIV-infected mothers.
There is no clear evidence to suggest that the course of HIV disease
is altered by pregnancy. There is also no clear evidence to suggest that
uncomplicated HIV disease adversely impacts pregnancy other than
by its inherent infection risk.

TREATMENT

The majority of cases of mother-to-child (vertical) transmission of
HIV-1 occur during the intrapartum period. Mechanisms of vertical
transmission include infection after rupture of the membranes and di-
rect contact of the fetus with infected secretions or blood from the
maternal genital tract. In women with HIV infection who are not re-
ceiving antiretroviral therapy, the rate of vertical transmission is ap-
proximately 25%. Cesarean section and treatment with zidovudine,
administered both before and during delivery, decrease the rate of ver-
tical transmission. In a meta-analysis, zidovudine treatment of both the
mother during the prenatal and intrapartum periods and the neonate at
birth reduced the risk of vertical transmission to 7.3%. The combi-
nation of elective cesarean section plus zidovudine treatment reduced
the risk of vertical transmission to 2%. The role of multiple drug ther-
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apy during pregnancy has not yet been established, pending safety data
for the neonate.

SUMMARY Maternal mortality has decreased steadily during the past
60 years. The maternal death rate has decreased from nearly 600/
100,000 live births in 1935 to 8.5/100,000 live births in 1996. The
most common causes of maternal death in the United States today are,
in decreasing order of frequency, thromboembolic disease, hyperten-
sion, ectopic pregnancy, and hemorrhage. With improved diagnostic
and therapeutic modalities as well as with advances in the treatment
of infertility, more patients with medical complications will be seek-
ing, and be in need of, complex obstetric care. Improving outcome of
pregnancy in these women will be best obtained by assembling a team
of internists and specialists in maternal-fetal medicine (high-risk ob-
stetrics) to counsel these patients about the risks of pregnancy and to
plan their treatment prior to conception. The importance of precon-
ception counseling cannot be overstated. It is the responsibility of all
physicians caring for women in the reproductive age group to assess
their patient’s reproductive plans as part of their overall health eval-
uation.
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7 MEDICAL EVALUATION OF THE SURGICAL PATIENT

Gerald W. Smetana

Most individuals will require surgery at some point in their lifetimes.
In the United States, surgeons performed 18 million inpatient opera-
tions in 2000; ambulatory surgery accounted for a substantial number
of additional procedures. Preoperative medical consultation is, there-
fore, a common activity for practicing internists. However, many in-
ternists may be uncomfortable in this role as the process of
preoperative risk stratification is not intuitive and relies heavily on a
highly specialized literature that is not common knowledge among
practicing clinicians.

The role of the medical consultant is to determine the presence of
known or unrecognized comorbid disease or other factors that may
increase risk of morbidity or mortality from baseline and to recom-
mend strategies to reduce the risk and optimize the patient’s condition
before operation. This knowledge informs the discussion of risks and
benefits for the patient and surgeon. Such consultations may range
from the routine evaluation of a healthy patient before minor surgery
to confirmation of high risk in a moribund patient undergoing emer-
gency surgery for a life-threatening illness. Overall morbidity and mor-
tality from surgery is low. Studies have demonstrated surgical
mortality rates of 1% across all procedures for unselected patients.
Mortality for the subset of patients undergoing ambulatory surgery is
substantially lower. Surgeons select patients for ambulatory surgery
when the combination of a lower risk procedure and few patient-re-
lated comorbidities suggests a low risk of adverse outcomes. Mortality
in this group of patients is approximately 0.01%.

The most important contributions to postoperative morbidity and
mortality are cardiac and pulmonary complications; each occurs in
approximately 5% of all patients undergoing an operation. This chapter
will review preoperative risk assessment and risk-reduction strategies
for healthy patients and for the major categories of adverse outcomes
and medical comorbidities—cardiac complications, pulmonary com-
plications, and diabetes mellitus. Two other important perioperative
considerations, venous thromboembolism prophylaxis (Chaps. 232
and 244) and endocarditis prophylaxis (Chap. 109), are discussed else-
where in this text.

ANESTHETIC PHYSIOLOGY Modern anesthesia is extremely safe. Mortality
among healthy patients undergoing surgery is low; estimates range
from 0.01 to 0.03%. Patient- and procedure-related factors are more
important contributors to perioperative morbidity than is anesthesia

itself. Inhalational anesthetic agents have predictable physiologic ef-
fects. All inhalational anesthetic agents are myocardial depressants.
While not clinically significant in healthy patients, this effect leads to
a dependence on cardiac preload that may cause an accentuated re-
sponse to the induction of anesthesia in patients who are volume-
depleted due to illness or overdiuresis or who have left ventricular
dysfunction. Anesthesia leads to a decrease in lung volumes. Both vital
capacity and functional residual capacity decrease by one-third in ab-
dominal surgery. This results from diaphragmatic dysfunction, de-
creased mucociliary clearance, loss of sighing breaths, and depression
of the ventilatory response to hypoxemia and hypercarbia. This de-
crease in lung volumes may lead to atelectasis and is a principal factor
leading to the development of postoperative pulmonary complications.
Controversy has long existed regarding the relative safety of gen-
eral versus spinal or epidural anesthesia in patients at risk for post-
operative cardiac or pulmonary complications. In a recent large
meta-analysis of randomized controlled trials of anesthetic technique,
patients who were randomized to spinal or epidural anesthesia as a
component of their anesthesia had significantly lower rates of venous
thromboembolism, pneumonia, respiratory depression, myocardial in-
farction, or death than patients receiving general anesthesia exclu-
sively; relative risk reductions ranged from 30 to 55%. Clinicians
should recommend spinal or epidural anesthesia, when possible, for
patients at high risk for postoperative medical complications.

EVALUATION OF THE HEALTHY PATIENT Given the very low risk of com-
plications among healthy patients undergoing surgery, additional clin-
ical evaluation only rarely identifies patients at higher than average
risk. Furthermore, due to the low prior probability of adverse events,
most abnormal results from potential preoperative tests are false-pos-
itive tests. These results often contribute little to the estimation of risk,
may increase patient and physician anxiety, lead to additional invasive
tests that carry risk, and may increase medicolegal liability due to the
possibility of abnormal test results that are ignored. A careful screen-
ing history and physical examination are the most important parts of
the preoperative assessment of patients who report that they are
healthy.

The history should focus on symptoms that suggest the possibility
of occult cardiac or pulmonary disease. Many institutions have devel-
oped simple preoperative screening questionnaires for this purpose;



several of these instruments have
been validated and shown to cor-

TABLE 7-1 Suggested Preoperative Screening Questionnaire®

rectly identify most patients at 1. Have you ever had a heart attack? 19. Do you have a history of thyroid problems?
higher than average risk. For ex- 2. Have you ever had heart trquble? 20. Do you have diabetes?
ample, in one study of a screening 3. Have you ever had heq.rt Vfallure? 21. Do you have a kidney problem?
. . e . 4. Have you ever had fluid in your lungs? 22. Do you have numbness or weakness of your arms
questionnaire, clinical evaluation -
by an aneStheSiOIOg.iSt determined 5. Do you have a heart murmur? 23. Do you have epilepsy, blackouts, or seizures?
that only 2% of patients had neg- 6. Did you have rheumatic fever as a child? 24. Have you had problems with blood clots, or
ative responses to the questionnaire excessive bleeding?
yet would have benefited from a 7. Do you ever have chest pain, angina, or chest 25. Do you have any other important medical
more detailed clinical evaluation. tightness? . problems? Please list. )
. . 8. Have you ever been treated for an irregular 26. Have you ever had an anesthetic? If yes, when was
Table 7-1 lists the questions on heartbeat? your last one?
this V‘?hdatefi questhnnalre. 9. Do you have high blood pressure? 27. Have you or any member of your family had a
It is particularly important to reaction to an anesthetic?
query the patient about exercise 10. Do you ever have difficulty with your breathing? 28. Do you have arthritis or pain in your neck or jaw?
capacity and to determine the rea- 11. Do you have asthma, bronchitis, or emphysema? 29. Do you have dentures, capped or loose teeth?
son for exercise intolerance, if 12. Do yOu.COu.gh frequeptly? . 30. Do you think you may be pregnal}t? o
present. For example, one report 13. Does cllmbmgr’one flight of stairs make you 31. Hav§ you t.akcn predplsonc, steroid ;nedlcanons, or
firmed that a patient’s self-re- short of breath? cortisone-like drugs in the past year?

con ¢ p 14. Does walking one city block make you short of 32. Please list any food or medications allergies that
port of the inability to walk at breath? you have.
least four blocks on level ground 15. Do you now or have you recently smoked 33. Please list any medications you are currently
or to climb at least two flights of cigarettes? If yes, how many packs per day? For taking.
stairs predicts a twofold increase how many years?
in cardiac and all serious post- 16. Do you have liver disease, or a history of 34. Please list any operations you have had in the past.
operative complications. One jaundice or hepatitis?

P . . P . ) 17. Do you drink more than three drinks of alcohol 35. If this is the day of your surgery, when did you last
should 1pqu1re specifically about per day? If yes, how many per week? eat or drink?
chest pain or shortness of breath 18. Do you have indigestion, heartburn, or a hiatus 36. Age: Weight: Height:

with activity and about chronic hernia?

cough. The history should also
include a review of medications
(both prescription and over the
counter), any previous operations
or important medical problems, alcohol use, the possibility of preg-
nancy in reproductive-age women, previous adverse responses to an-
esthesia or surgery, and a family history of anesthetic reactions (that
might suggest malignant hyperthermia).

Age appears to be a minor risk factor for both pulmonary and
cardiac complications. Most of the risk attributed to age can be ex-
plained by medical comorbidities that are more common with advanc-
ing age. In the few studies that have looked at this question, younger
and older patients with a similar burden of medical comorbidities ap-
pear to have a similar risk of postoperative complications. While coun-
terintuitive, obesity does not appear to be a risk factor for cardiac or
pulmonary complications or perioperative mortality.

Clinicians should not routinely obtain laboratory testing before sur-
gery. Rather, tests should be requested selectively based on patient- or
procedure-related factors that predict a higher likelihood of an abnormal
result that may potentially influence perioperative management. Many
studies have shown the very limited value of preoperative testing (lab-
oratory testing, urinalysis, electrocardiogram, and chest radiograph) of
healthy patients. In most reports, <<1% of all routine preoperative tests
are abnormal and could potentially influence management; most of these
can be predicted by clinical evaluation. Among patients undergoing low-
risk surgery, such as cataract surgery, there is no difference in morbidity
or mortality between patients who undergo routine preoperative testing
and those who do not undergo such testing. When clinicians do choose
to obtain preoperative tests, tests obtained within the previous 4
months may be safely used as preoperative tests, assuming there has
been no change in the patient’s clinical condition. Table 7-2 lists rec-
ommendations for specific tests in healthy patients based on the inci-
dence of abnormalities that influence management and the predictive
value of an abnormal test. The positive and negative likelihood ratios
refer to the change in the odds of an adverse postoperative event if the
test result is abnormal or normal, respectively.

as part of the preoperative evaluation.

CARDIAC RISK ASSESSMENT

Cardiac complications are the most important source of perioperative
morbidity and may occur even in patients previously unknown to have

« Patients who answer yes to any of questions #1-8, 10— 14, 16, 19-25, or 30 should receive a complete history and physical examination

Source: From NH Badner et al: Can J Anaesth 45:87, 1998, with permission.

heart disease. Therefore, an assessment of cardiac risk must be part of
every preoperative medical evaluation. In general, low-risk patients
may proceed without further evaluation; high-risk patients will require
treatment to reduce the risk of complications regardless of the results
of preoperative cardiac testing; and intermediate-risk patients will ben-
efit most from additional testing to stratify risk before surgery.

CARDIAC RISK INDICES In most cases, one can confidently estimate risk
through a careful history and physical examination and application of
a cardiac risk index. The science of cardiac risk stratification began
with the landmark study of Goldman and colleagues in 1977 that iden-
tified risk factors among the history, physical examination, electro-
cardiogram, general medical status, and type of surgical procedure.
More recently, the revised cardiac risk index of Lee and colleagues
has been shown to outperform the original index and other available
risk-stratification tools and is now the preferred tool for initial risk
stratification before noncardiac surgery (Table 7-3). This index re-
sulted from a multivariate analysis of patients undergoing elective non-
cardiac surgery and includes six independent factors that predict risk
of postoperative cardiac complications. As all of these factors were
associated with a similar odds ratio for complications (range, 1.9 to
3.2), each factor is assigned one point in the revised cardiac risk index.
Predictive factors include high-risk surgery (intraperitoneal, intratho-
racic, or suprainguinal vascular procedures), ischemic heart disease, a
history of congestive heart failure, a history of symptomatic cerebro-
vascular disease, insulin therapy for diabetes mellitus, or a preopera-
tive serum creatinine >177 umol/L (>2.0 mg/dL). Risk classes result
from the total number of points (of six possible points). Risk increases
substantially when two points exist; the greatest risk is for patients
with three or more points.

Several factors that increase the likelihood of coronary artery dis-
ease (CAD) nonetheless do not increase the risk of postoperative car-
diac complications. Factors that do not appear to increase risk include
obesity, stable hypertension with a diastolic blood pressure of <110
mmHg, elevated cholesterol, bundle branch block, and cigarette
smoking.

After application of the revised cardiac risk index (Table 7-3) to



TABLE 7-2 Recommendations for Preoperative Laboratory Testing for Healthy Patients

Incidence of

Abnormalities  Likelihood Likelihood
That Influence Ratio Ratio

Test Management, % [+] [-] Indications

Hemoglobin 0.1 33 0.9 Anticipated major blood loss or
symptoms of anemia

White blood cell count 0.0 0 1 Symptoms suggest infection,
myeloproliferative disorder, or
myelotoxic medications

Platelet count 0.0 0 1 History of bleeding diathesis,
myeloproliferative disorder, or
myelotoxic medications

Prothrombin time (PT) 0.0 0 1.01 History of bleeding diathesis,
chronic liver disease,
malnutrition, recent or long-term
antibiotic use

Partial thromboplastin 0.1 1.7 0.86 History of bleeding diathesis

time (PTT)

Electrolytes 1.8 43 0.8 Known renal insufficiency,
congestive heart failure,
medications that affect
electrolytes

Renal function 2.6 33 0.81 Age > 50 years, hypertension,
cardiac disease, major surgery,
medications that may affect renal
function

Glucose 0.5 1.6 0.85 Obesity or known diabetes

Liver function tests 0.1 No indication; consider albumin
measurement for major surgery
or chronic illness

Urinalysis 1.4 1.7 0.97 No indication

Electrocardiogram 2.6 1.6 0.96 Men > 40 years, women > 50
years, known CAD, diabetes, or
hypertension

Chest radiograph 3.0 2.5 0.72 Age > 50 years, known cardiac or

pulmonary disease, symptoms or
exam suggest cardiac or

release (Fig. 7-1). One can use elements of the
ACP guideline along with more recent data to
suggest that the first step would be to apply the
revised cardiac risk index. Low-risk patients
(class I) undergoing nonvascular surgery may
proceed without additional evaluation. Addi-
tional noninvasive cardiac testing is appropri-
ate for intermediate-risk patients (class II)
undergoing vascular surgery. All high-risk pa-
tients (classes III and IV) should receive treat-
ment to reduce risk (discussed below).

The AHA/ACC guideline is more compli-
cated and relies on three separate factors: (1)
clinical predictors (such as those in the revised
cardiac risk index; Table 7-3), (2) functional
capacity, and (3) procedure-specific risks. Ex-
amples of major clinical predictors include un-
stable coronary syndromes, recent myocardial
infarction with evidence of ischemic risk, and
decompensated congestive heart failure. Func-
tional capacity is considered poor if patients
are unable to perform activities requiring ex-
penditure of at least four metabolic equivalents
(METs). Examples in daily life include climb-
ing one flight of stairs, doing light housework,
or walking at least two blocks on level ground.
Procedure-specific risks go beyond the high-
risk categories defined in the revised cardiac
risk index to identify low- and intermediate-
risk procedures. This guideline recommends
noninvasive cardiac testing for any patient with
at least two of the following: (1) intermediate
clinical predictors, (2) poor functional capac-
ity, and (3) high-risk surgery.

pulmonary disease

Note: CAD, coronary artery disease.

Source: Reprinted from Smetana and Macpherson, with permission from Elsevier Science.

stratify risk, clinicians should apply one of the established cardiac risk
guidelines to determine the optimal strategy for additional testing and
risk reduction strategies. Both the American College of Physicians
(ACP) and the American Heart Association/American College of Car-
diology (AHA/ACC) have published guidelines that suggest criteria
for additional cardiac testing for selected patients before surgery and
treatment strategies to reduce risk in high-risk patients. The ACP
guideline is more clinically based and easier to use but does not in-
corporate the revised cardiac risk index, which was published after its

TABLE 7-3 The Revised Cardiac Risk Index

Adjusted 0dds Ratio (OR)
for Cardiac Complications

Factor in Derivation Cohort
1. High-risk surgery 2.8
2. Ischemic heart disease 24
3. History of congestive heart failure 1.9
4. History of cerebrovascular disease 32
5. Insulin therapy for diabetes mellitus 3.0
6. Preoperative serum creatinine > 2.0 mg/dL 3.0
Cardiac Complication Rates, %
Class Number of Factors Derivation Cohort Validation Cohort
I 0 0.5 0.4
I 1 1.3 0.9
11 2 3.6 6.6
v 3-6 9.1 11.0

Source: Adapted from Lee et al, with permission.
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EVALUATION BEFORE VASCULAR SURGERY Cardiac
risk indices are unable to identify a subset of
patients at low risk for cardiac complications
after vascular surgery. This is due to the ob-
servation that the risk factors for peripheral vascular disease and CAD
are the same. Therefore, patients undergoing arterial surgery are much
more likely to have CAD than are patients undergoing general surgical
procedures such as cholecystectomy, for example. As the prior prob-
ability of CAD is higher among such patients (92% in one angio-
graphic study), even patients with low scores on cardiac risk indices
have substantial risk for postoperative cardiac complications. Addi-
tional testing is necessary to estimate risk in these patients. Pharma-
cologic stress tests have been used widely to estimate cardiac risk
before vascular surgery. Dipyridamole-thallium testing and dobuta-
mine stress echocardiography have been studied most extensively. The
test characteristics of the two tests are similar. Each has a negative
predictive value of 95 to 100% but a positive predictive value for
postoperative cardiac complications of only 10 to 20% for patients
undergoing major vascular operations. As the predictive performances
of these two tests are similar, clinicians may consider them to be in-
terchangeable, and the selection of one test over the other depends on
local availability and expertise.

Given the low predictive value when used in unselected patients
before vascular surgery, clinicians may incorporate clinical factors to
identify an intermediate probability group that will benefit most from
noninvasive testing. Several strategies exist; the most widely used are
the “Eagle” criteria that include Q waves on the electrocardiogram,
age > 70 years, angina, ventricular ectopy requiring treatment, and
diabetes requiring treatment. Patients who have none of these factors
have a low risk of adverse events and can proceed without further
evaluation. Those with three to five factors are at high risk and need
no risk refinement by further study. Those with one to two factors
benefit the most from noninvasive testing.
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FIGURE 7-1  American College of Physicians' guidelines for cardiac evaluation before
noncardiac surgery. A. Guidelines for all adults facing surgery. B. Guidelines for high-
risk patients. *Clinicians may use the revised cardiac risk index (Table 7-3) in place
of the modified cardiac risk index for this guideline, which has been shown since the
1997 publication of the ACP guideline to be a superior tool for risk stratification. In

STRATEGIES TO REDUCE CARDIAC RISK After identifying patients whose
risk of postoperative cardiac complications is above average, one must
identify interventions and strategies to reduce risk, assuming that the
risk is not so high that one would consider cancelation of surgery. As
a recent myocardial infarction increases the risk of adverse events, one
should delay elective surgery until at least 6 months after myocardial
infarction. If an operation is necessary during this interval, a functional
test such as an exercise test may stratify risk and identify a subset of
patients with good exercise capacity and no inducible ischemia who
may consider proceeding to surgery. Active congestive heart failure
increases risk, and appropriate treatment of pulmonary congestion, in-
cluding diuretic therapy, will reduce this risk. One should not diurese
to the point of orthostatic hypotension as this may increase the risk of
hypotension with anesthetic induction.

The risk attributed to aortic stenosis is controversial. While this
was an important factor in the original Goldman cardiac risk index,
recent retrospective uncontrolled studies suggest that even patients
with critical aortic stenosis may undergo noncardiac surgery with an
acceptable degree of risk. One should evaluate the severity of aortic
stenosis in all patients suspected of having symptoms caused by their
valvular disease. The indication for surgical treatment of aortic ste-

B.

addition, broader use of perioperative beta blockers is supported by recent studies, as
described in the text. ACP, American College of Physicians; CHF, congestive heart fail-
ure; DSE, dobutamine stress echocardiography; DTI, dipyridamole-thallium imaging.
(Reprinted with permission from American College of Physicians: Ann Intern Med 127:
309, 1997.)

nosis is the same as for patients who are not contemplating noncardiac
surgery.

When risk is due to a high-risk operation, and few opportunities
exist to otherwise reduce risk, clinicians may consider the possibility
of an alternate lower risk procedure, if such a procedure exists.

Perioperative Beta Blockers The most important recent observation in
the field of perioperative cardiac risk is that perioperative beta blockers
markedly reduce the risk of cardiac complications in selected patients.
Four separate large-scale randomized trials have now addressed the
benefit of this intervention. In two of the trials, all patients had either
known CAD or at least two of the following risk factors: age = 65
years, hypertension, current cigarettes use, total cholesterol = 6.2
mmol/L (=240 mg/dL), and diabetes mellitus. Many patients in clin-
ical practice would meet these broad inclusion criteria. The other trials
evaluated patients undergoing vascular surgery with at least one ad-
ditional risk factor or preoperative ischemia demonstrated by Holter
monitoring. The results of these trials show reductions in the rate of
postoperative myocardial infarction and cardiac death from 55 to 93%.
The number of such patients needed to treat to prevent one event range
from 2.5 to 8.3, indicating a strong effect on reducing risk.

41
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Patient selection for perioperative beta-blocker use remains the
subject of study. At this point, it is wise to use perioperative beta
blockers for any patient at increased risk for postoperative cardiac
complications, which includes any patient who meets the above criteria
or has at least one risk factor according to the revised cardiac risk
index (Table 7-3).

Coronary Revascularization Before Noncardiac Surgery While the data show-
ing benefit of perioperative beta blockers are compelling, evidence for
clear benefit of coronary revascularization to reduce the risk of sub-
sequent noncardiac surgery is mostly lacking. No prospective trials
address this question. Retrospective data exist among patients who
were recruited and studied for another reason and in whom compli-
cations for incidental noncardiac surgery were determined. For ex-
ample, among patients with stable CAD who had been randomly
allocated to either coronary bypass surgery or medical therapy, and
who subsequently underwent noncardiac surgery, the relative reduc-
tion in risk attributed to the coronary bypass surgery was similar to
the risk of the coronary bypass surgery itself (2 to 3% mortality). The
cardiac risk of sequential coronary bypass followed by noncardiac sur-
gery is therefore similar to that of proceeding directly to the noncardiac
surgery.

Percutaneous revascularization fares no better. While risk of treat-
able cardiac complications such as congestive heart failure appears to
be reduced among patients with CAD who undergo percutaneous cor-
onary angioplasty before noncardiac surgery, no difference exists in
the rates of cardiac death or myocardial infarction between such pa-
tients and medically treated patients with CAD who undergo subse-
quent noncardiac surgery. Furthermore, patients treated with potent
antiplatelet agents in the period after intracoronary stenting have an
increased risk of cardiac or bleeding complications in the month after
stenting and should not undergo elective noncardiac surgery during
this interval.

Since the benefit of coronary revascularization to reduce the risk
of noncardiac surgery is small and is inferior to that of perioperative
beta blockers, clinicians may reserve this strategy for patients who
have an independent indication for revascularization separate from
their need for noncardiac surgery.

PREOPERATIVE PULMONARY EVALUATION

While estimation of cardiac risk is rightfully a major focus of the
preoperative evaluation, clinicians may be surprised to learn that post-
operative pulmonary complications are as prevalent as cardiac com-
plications and contribute equally to morbidity, mortality, and length
of hospital stay. Therefore, estimation of the risk of pulmonary com-
plications is a necessary part of the preoperative evaluation. Important
postoperative pulmonary complications include pneumonia, respira-
tory failure with prolonged mechanical ventilation, atelectasis, bron-

TABLE 7-4 Risk Factors for Postoperative Pulmonary Complications
Patient-Related Risk Factors

Procedure-Related Risk Factors

Chronic obstructive pulmonary Surgical site:

disease Thoracic surgery
Cigarette use < 8 weeks before Abdominal aortic aneurysm
surgery surgery
ASA class > 2 Upper abdominal surgery
Goldman class 2—4¢ Neurosurgery

Age > 60

Dependent functional status
Albumin < 3.0 g/dL

Blood urea nitrogen > 30 mg/dL
Abnormal chest radiograph

Peripheral vascular surgery
General anesthesia
Pancuronium use
Emergency surgery
Surgery lasting > 3 hours

@ Goldman cardiac risk index. Of four classes possible; class 4 represents the highest risk.
Note: ASA, American Society of Anesthesiologists.

Source: Reprinted from GW Smetana: Clin Geriatr Med 19:35, 2003, with permission
from Elsevier Science.

chospasm, and exacerbation of underlying chronic obstructive
pulmonary disease.

PATIENT-RELATED RISK FACTORS One may group risk factors for pulmo-
nary complications into patient- and procedure-related (Table 7-4).
The most important patient-related factor is chronic obstructive pul-
monary disease, which increases the risk of pulmonary complications
fourfold. The risk varies according to the severity of the underlying
lung disease. On physical examination, decreased breath sounds, pro-
longed expiration, rales, wheezes, and rhonchi each predict a sixfold
increase in the risk of postoperative pulmonary complications. In con-
trast, well-controlled asthma does not appear to increase the risk of
pulmonary complications. Smoking is a risk factor even for patients
with no resulting chronic lung disease; the reported relative risks for
complications range from 1.5 to 4. However, patients who have re-
duced their cigarette use or stopped completely in the 2 months before
surgery have a higher risk than current smokers. This may relate to an
increase in cough and sputum production that is common in the first
weeks to months after cigarette cessation.

The risk of viral respiratory infections is unknown but probably
small. Bacterial lower respiratory infections, including bronchitis and
pneumonia, do increase the risk of pulmonary complications. In these
settings, clinicians should delay elective surgery and treat the under-
lying infection.

Metabolic factors shown to increase risk include renal insufficiency
[BUN > 10.7 mmol/L (>30 mg/dL)] and albumin < 30 g/L (<3.0
g/dL). Poor functional capacity, known to increase risk for cardiac
complications, is also a risk factor for postoperative pulmonary
complications. Advanced age is a modest risk factor of approximately
twofold; other patient- and procedure-related risk factors are more im-
portant than age. Surprisingly, obesity, even morbid obesity, does not
increase the risk for pulmonary complications. However, obstructive
sleep apnea, which is more common among obese patients, does in-
crease the risk for airway management problems in the immediate
postoperative period (such as hypoxemia and reintubation) and may
increase the risk of pulmonary complications, though this latter ob-
servation is not well established.

PROCEDURE-RELATED RISK FACTORS In contrast to cardiac complications,
procedure-related factors are more important than patient-related fac-
tors in predicting the risk of pulmonary complications. The most im-
portant factor is the surgical site. Risk increases as the incision
approaches the diaphragm. The highest risk is for upper abdominal,
thoracic, and abdominal aortic aneurysm surgery. Depending on the
series, studies have shown complication of rates of 20 to 40% for these
procedures. There is lower risk for lower abdominal surgery and pe-
ripheral vascular surgery. Laparoscopic abdominal surgeries carry a
much lower risk of pulmonary complications (1%). Pulmonary com-
plications are rare for surgeries outside of the chest and abdomen.
Other procedure-related factors include prolonged surgical duration
(>3 h), general anesthesia, emergency surgery, and the use of
long-acting neuromuscular blockers such as pancuronium during an-
esthesia.

PREOPERATIVE PULMONARY FUNCTION TESTING (See also Chap. 234) The
role of preoperative pulmonary function testing is debated. While such
testing is necessary before planned lung resection (this is not the sub-
ject of this chapter), its value before other high-risk surgeries is less
clear. The most commonly performed tests in this setting are simple
spirometry including forced expiratory capacity in 1 s (FEV,) and
forced vital capacity (FVC). Advocates of testing suggest that clinical
decision-making and patient selection for surgery may be influenced
by such test results. However, most reports demonstrate that clinical
factors (as described above in patient- and procedure-related risk factor
sections) are as or more helpful in the estimation of risk than spirom-
etry. Preoperative spirometry could be potentially useful were it to
identify either high-risk patients who would escape clinical detection
or those patients whose risk of proceeding to surgery would be pro-
hibitive. Neither of these criteria is met.

Several reports have shown that clinical factors correctly identify



patients at high risk for postoperative pulmonary complications and
that there is no substantial incremental value of preoperative spirom-
etry as a risk-stratification tool. While abnormal spirometry, in some
studies, does predict risk, these patients would have been identified
based on clinical criteria alone. As to prohibitive risk, it is now clear
that even patients with spirometric values previously thought to rep-
resent an absolute contraindication to surgery (e.g., FEV, < 1 L or
50% predicted) can proceed to surgery with an acceptable degree of
risk if the indication for surgery is compelling and if every effort is
made to reduce postoperative pulmonary complications (see below).
Evidence for the benefit of preoperative arterial blood gas analysis is
even weaker and is based on small case series. No reports have shown
that such studies are superior to clinical evaluation before high-risk
nonpulmonary surgery. There is, therefore, no role for routine preop-
erative arterial blood gas analysis in high-risk patients.

STRATEGIES TO REDUCE POSTOPERATIVE PULMONARY COMPLICATIONS Most
risk-reduction strategies follow logically from the above risk factors.
One should recommend cigarette cessation for at least 8 weeks before
elective surgery. Cessation for briefer periods may increase risk. Cli-
nicians should treat patients with chronic obstructive pulmonary dis-
ease or asthma in the usual fashion so as to maximally reduce airflow
obstruction. The treatment strategies are identical to those used in pa-
tients who are not preparing for surgery. Patients with asthma should
be free of wheezes and have a peak flow of at least 80% of the pre-
dicted value or of personal best. Antibiotics should be reserved for
patients with bacterial lower respiratory tract infection, as their indis-
criminate use does not reduce risk. Intraoperative strategies include
epidural or spinal anesthesia when feasible, the avoidance of pancu-
ronium as a neuromuscular blocker in high-risk patients, and the use
of shorter duration or laparoscopic procedures.

Postoperative strategies include lung expansion maneuvers and
pain control. Lung expansion maneuvers reduce risk by minimizing
the expected fall in lung volumes (particularly for thoracic and upper
abdominal surgery) that contribute importantly to the risk of compli-
cations. These strategies include deep breathing exercises (a compo-
nent of chest physical therapy) and incentive spirometry and
effort-independent strategies such as continuous positive airway pres-
sure (CPAP) (Chap. 252). Deep breathing exercises and incentive spi-
rometry are equally effective; each reduces risk by one half. CPAP
should be reserved for patients who cannot cooperate with the other
maneuvers as it is more costly and carries some risk of barotrauma.

Pain control strategies decrease splinting and improve the ability
to take deep breaths; they reduce pulmonary complications by these
mechanisms. Epidural analgesia with local anesthetics reduces com-
plication rates in patients undergoing abdominal, thoracic, and aortic
surgery. Intercostal nerve blocks may also be beneficial, but the effect
did not reach statistical significance in a large well-designed meta-
analysis.

DIABETES MELLITUS (See also Chap. 323)

The most important perioperative risk attributable to diabetes mellitus
is that of cardiac complications. This is due to the higher prevalence
of CAD, both known and clinically inapparent, among patients with
diabetes than among the general population. Therefore, the principal
goal of the preparation of patients with diabetes before surgery is a
careful assessment of cardiac risk, as described above. Diabetes also
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increases the risk of surgical wound infections. For the subset of pa-
tients with diabetic neuropathy, there is additional risk for aspiration
of gastric contents during anesthesia if gastroparesis is present, and
for blood pressure lability during surgery if autonomic neuropathy
exists.

Strategies to control blood sugar in the perioperative period must
balance the risk of hyperglycemia due to the stress of surgery and
anesthesia and the need for patients to fast before surgery that may
increase the risk of hypoglycemia. One achieves this balance through
frequent monitoring and the use of short-acting insulin as needed to
achieve blood sugar goals. Optimal perioperative blood sugars are be-
tween 120 and 200 mg/dL. Patients who are diet-controlled may pro-
ceed to surgery without additional treatment of blood sugar other than
careful perioperative monitoring of blood sugar by fingerstick. Those
who receive oral hypoglycemic agents should hold their medication
on the morning of surgery (with the exception of metformin, which
should be stopped the day before to minimize the risk of lactic aci-
dosis). One treats these patients as needed with short-acting insulin on
a sliding scale based on frequent monitoring. Intravenous fluids for
oral agent— and insulin-treated patients should include glucose to de-
crease the risk for lipolysis and ketone production.

Controversy exists as to whether patients with insulin-requiring
diabetes should be treated with a continuous insulin infusion in the
perioperative period versus the conventional use of one-half of the
patient’s usual morning long-acting insulin dose on the morning of
surgery followed by a sliding scale of regular insulin based on frequent
monitoring. Patients undergoing coronary bypass grafting have a lower
incidence of sternal wound infections when managed with continuous
infusion insulin to achieve tight perioperative blood sugar control.
Among seriously ill patients who require prolonged mechanical ven-
tilation after surgery, intensive continuous infusion insulin to achieve
near-normal blood sugars reduces overall mortality when compared to
a less intensive continuous infusion insulin strategy. Until further data
are available, it is reasonable to recommend continuous infusion in-
sulin in the perioperative period for patients undergoing prolonged
major surgery, cardiac surgery, or emergent surgery with metabolic
abnormalities or who will require prolonged mechanical ventilation
after surgery.
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8 GERIATRIC MEDICINE
Neil M. Resnick, David Dosa

Of all the people who have ever lived to age 65, more than half are
now alive. This statistic has important demographic and economic
implications, and its impact on medical care is also substantial.

BIOLOGY OF AGING

Numerous molecular concomitants of aging have been described. For
instance, there is an increase in chromosome structural abnormalities,
DNA cross-linking, and frequency of single-strand breaks; a decline
in DNA methylation; and loss of DNA telomeric sequences. The pri-
mary structure of proteins is unaltered, but there is an increase in
posttranslational changes, deamidation, oxidation, cross-linking, and
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nonenzymatic glycation. Mitochondrial structure deteriorates, albeit
not universally.

However, the biologic changes are clearer than the mechanisms
that mediate them. In fact, although the senescent phenotype appears
to be ubiquitous, biologists disagree about whether senescence even
exists beyond zoos and civilized societies and whether it occurs at all
in many species. There is little evolutionary rationale for a process
that happens after reproduction is complete, particularly one associated
with such a long and complex course. In nature, senescence is most
notable for its absence; nearly all animals die of predation, disease, or
environmental hazards rather than aging. The argument that different
species have different maximum life spans can be explained without
invoking a specific aging process: while growth and development are
based on a genetic template, aging may reflect merely the accumula-
tion of random damage rather than a specific mechanism.

If aging exists as a distinct process, there is consensus that the
mechanisms are likely multifactorial, environmentally influenced, and
species-specific, if not organ- and cell-specific, making the paucity of
available human data particularly problematic. As a result, there are
nearly as many theories of aging as investigators. Most theories over-
lap or are not mutually exclusive, and none is completely compatible
with the dearth of data. As a group, the theories can be divided into
two broad categories, based on whether they attribute aging to a ge-
netic program or to progressive and random damage to homeostatic
systems.

GENETIC THEORIES OF AGING Enthusiasm for genetic theories of aging is
fueled by several observations, including the dramatic species-specific
differences in maximal life span, the strong correlation with survival
among monozygotic compared to dizygotic twins, and the fact that
single mutations can prolong life span by >50% in some nematodes,
flies, and mice. However, all genetic theories must account for the fact
that evolutionary selection pressure is minimal following completion
of reproduction. Three genetic theories have recently been advanced,
but few relevant data have yet been accrued. The first theory suggests
that, since animals usually succumb to natural forces long before
reaching their maximal life span, aging might reflect mutations that
impair long-term survival. These mutations would accumulate in the
genome because there is no selection pressure to delete them. A second
theory, “pleiotropic antagonism,” proposes that aging may be caused
by the late and deleterious effects of genes that are conserved because
of the survival advantages they confer prior to reproduction. The third
theory applies to ecological niches where extrinsic hazards are rela-
tively low. In such an environment, evolution might select for muta-
tions that retard the aging process since these might allow an animal
to produce and protect many more litters. In support of this theory, the
rate of aging in an isolated clan of Virginia opossums was calculated
to be roughly half of that seen in their less fortunate cousins.

The Random Damage Theories These are based on the possibility that the
balance between ongoing damage and repair is disrupted. The theories
differ in the emphasis placed on increased damage (e.g., by free rad-
icals, oxidation, or glycation) versus deficient repair, as well as in the
mechanisms that might mediate each. However, all share the obser-
vation that cell and organ repair capacity declines with age. Some 40
years ago, Hayflick and Moorehead observed that the number of rep-
lications among cultured cells is finite. Subsequent research revealed
that this replicative senescence was due to arrest of the cell cycle at
the G,/S phase, the point at which DNA synthesis begins. Recently,
cell replication has also been linked to the length of telomeric DNA.
Present at the termini of chromosomes, telomeric DNA prevents chro-
mosomal instability, fragmentation, and rearrangement; anchors chro-
mosomes to nuclear matrix; and provides a buffer between coding
regions of DNA and the ends of the chromosomes. In addition, telom-
eric DNA is necessary for cell division. With each cell division, how-
ever, roughly 50 of the total 2000 base pairs of the telomere are lost.
Telomeric shortening might thus result in loss of gene accessibility,

which is necessary to repair ongoing cell damage caused by metabo-
lism. Together with cytoplasmic factors mediating arrest of DNA syn-
thesis, telomeric shortening could also limit the cell’s ability to divide
and thereby replace cells lost to apoptosis.

Many mechanisms previously postulated to mediate aging have not
been borne out, including the somatic mutation theory (in which aging
would result from cumulative spontaneous mutations), the error catas-
trophe theory (in which aging would result from errors in the synthesis
of proteins critical to the synthesis of genetic material or protein-syn-
thesizing machinery), and the intrinsic mutagenesis theory (in which
aging is the result of ongoing intrinsic DNA rearrangements).

To date, the only intervention known to delay aging is caloric re-
striction. The salutary effect of restricting caloric intake by 30 to 40%
has been documented in multiple species, from single-cell organisms
to rodents. In rodents, it not only increases average life expectancy
and maximum life span but also delays the onset of some typical age-
associated diseases as well as deterioration of physiologic systems
(e.g., immune responsiveness, glucose metabolism, muscle atrophy).
Moreover, its impact is evident in both mitotic and postmitotic cells,
in gene expression, and in protein turnover and cross-linking. Al-
though the mechanism is still not determined, it is specific to caloric
restriction rather than to reduction of any dietary component (e.g., fat
intake) or supplements with vitamins or antioxidants. Unfortunately,
adequate data from primates are still limited, and the effect of caloric
restriction in humans is still unknown.

PRINCIPLES OF GERIATRIC MEDICINE

Despite the biologic controversy, from a physiologic standpoint human
aging is characterized by progressive constriction of the homeostatic
reserve of every organ system. This decline, often referred to as hom-
eostenosis, is evident by the third decade and is gradual and progres-
sive, although the rate and extent of decline vary. The decline of each
organ system (Table 8-1) appears to occur independently of changes
in other organ systems and is influenced by diet, environment, and
personal habits as well as by genetic factors.

Several important principles follow from these facts: (1) Individ-
uals become more dissimilar as they age, belying any stereotype of
aging; (2) an abrupt decline in any system or function is always due
to disease and not to “normal aging”; (3) “normal aging” can be at-
tenuated by modification of risk factors (e.g., increased blood pressure,
smoking, sedentary lifestyle); and (4) “healthy old age” is not an ox-
ymoron. In fact, in the absence of disease, the decline in homeostatic
reserve causes no symptoms and imposes few restrictions on activities
of daily living regardless of age.

Appreciation of these facts may make it easier to understand the
striking increases that have occurred in life expectancy. Average life
expectancy is now 18 years at age 65, 11 years at age 75, 6 years at
age 85, 4 years at age 90, and 2 years at age 100. Moreover, the bulk
of these years is characterized by a lack of significant impairment
(Table 8-2). Even beyond age 85, only 30% of people are impaired in
any activity required for daily living and only 20% reside in a nursing
home. Yet, as individuals age they are more likely to suffer from
disease, disability, and the side effects of drugs, all of which, when
combined with the decrease in physiologic reserve, make the older
person more vulnerable to environmental, pathologic, and pharmaco-
logic challenges.

The following concepts underlie the remainder of the chapter:

1. Disease presentation is often atypical in the elderly, especially
in those >75 to 80 years old. Homeostatic strain caused by onset of
a new disease often leads to symptoms associated with a different
organ system, particularly one compromised by preexisting disease.
For example, fewer than one-fourth of older patients with hyperthy-
roidism present with goiter, tremor, and exophthalmos; more likely
are atrial fibrillation, confusion, depression, syncope, and weakness.
Significantly, because the “weakest link” is so often the brain, the
lower urinary tract, or the cardiovascular or musculoskeletal system,
a limited number of presenting symptoms predominate—acute con-
fusion, depression, incontinence, falling, and syncope—no matter



TABLE 8-1 Selected Age-Related Changes and Their Consequences

Organ/System Age-Related Physiologic Change® Consequences of Age-Related Physiologic Change Consequences of Disease, not Age
General 1Body fat 1Volume of distribution for fat-soluble drugs Obesity
| Total body water | Volume of distribution for water-soluble drugs  Anorexia
Eyes/ears Presbyopia | Accommodation
Lens opacification 1 Susceptibility to glare Blindness
Need for increased illumination
| High-frequency acuity Difficulty discriminating words if background Deafness
noise is present
Endocrine Impaired glucose homeostasis TGlucose level in response to acute illness Diabetes mellitus
| Thyroxine clearance (and |T, dose required in hypothyroidism Thyroid dysfunction
production)
TADH, |renin, and |aldosterone |Na*, 1K+
| Testosterone Impotence
| Vitamin D absorption and Osteopenia Osteomalacia, fracture
activation
Respiratory Decreased cough reflex Microaspiration Aspiration pneumonia
|Lung elasticity and {chest wall Ventilation/perfusion mismatch and | P, Dyspnea, hypoxia
stiffness
Decreased DL Decreased resting P, Dyspnea
Cardiovascular | Arterial compliance and 1 systolic ~ Hypotensive response to THR, volume Syncope
BP —-LVH depletion, or loss of atrial contraction
| B-adrenergic responsiveness | Cardiac output and HR response to stress Heart failure
|Baroreceptor sensitivity and |SA Impaired blood pressure response to standing, Heart block
node automaticity volume depletion
Gastrointestinal | Hepatic function Delayed metabolism of some drugs Cirrhosis

Hematologic/immune system

Renal

Genitourinary

Musculoskeletal

Nervous system

| Gastric acidity

| Colonic motility

| Anorectal function
|Bone marrow reserve(?)
| T cell function

1 Autoantibodies

|GFR

| Urine concentration/dilution (see
also “Endocrine’)

Vaginal/urethral mucosal atrophy

Prostate enlargement

|Lean body mass, muscle
|Bone density

Brain atrophy

| Brain catechol synthesis
|Brain dopaminergic synthesis
|Righting reflexes

| Stage 4 sleep

Impaired thermal regulation

| Ca?* absorption on empty stomach
Constipation

False-negative PPD response

False-positive rheumatoid factor, antinuclear
antibody

Impaired excretion of some drugs

Delayed response to salt or fluid restriction/
overload; nocturia

Dyspareunia, bacteriuria

1Residual urine volume

Osteopenia
Benign senescent forgetfulness

Stiffer gait

1Body sway

Early wakening, insomnia
Lower resting temperature

Osteoporosis, B, deficiency
Fecal impaction

Fecal incontinence

Anemia

Autoimmune disease

1Serum creatinine

|MNa*

Symptomatic UTI

Urinary incontinence; urinary
retention

Functional impairment

Hip fracture

Dementia, delirium

Depression

Parkinson’s disease

Falls

Sleep apnea

Hypothermia, hyperthermia

< Changes generally observed in healthy elderly subjects free of symptoms and detectable
disease in the organ system studied. The changes are usually important only when the
system is stressed or other factors are added (e.g., drugs, disease, or environmental
challenge); they rarely result in symptoms otherwise.

what the underlying disease. Thus for the most common geriatric syn-
dromes, regardless of the presenting symptom, the differential diag-
nosis is often largely similar. The corollary is equally important: The
organ system usually associated with a particular symptom is less
likely to be the source of that symptom in older individuals than in

TABLE 8-2 life Expectancy and Number of Remaining Years Free
of Dependency in Activities of Daily Living

Disability-Free

Life Expectancy®, av Years Remaining

Age Men Women Men Women
65-69 13 20 9 11
70-74 12 16 8 8
75-79 10 13 7 7
80-84 7 10 5 5
=85 7 8 3 3

* For independent noninstitutionalized elderly men and women in Massachusetts. Lon-
gevity and disability-free longevity are surprisingly long and must be incorporated into
treatment decisions. All figures rounded to nearest year. See text for more recent data
on longevity alone.

Source: S Katz et al: N Engl J Med 309:1218, 1983.

Abbreviations: T,, thyroxine; BP, blood pressure; HR, heart rate; ADH, antidiuretic hor-
mone; GFR, glomerular filtration rate; LVH, left ventricular hypertrophy; PPD, purified
protein derivative; UTI, urinary tract infection.

younger ones. Compared with middle-aged individuals, for example,
acute confusion in older patients is less often due to a new brain lesion,
depression to a psychiatric disorder, incontinence to bladder dysfunc-
tion, falling to a neuropathy, or syncope to heart disease.

2. Because of decreased physiologic reserve, older patients often
develop symptoms at an earlier stage of their disease (Fig. 8-1). For
example, heart failure may be precipitated by mild hyperthyroidism,
cognitive dysfunction by mild hyperparathyroidism, urinary retention
by mild prostatic enlargement, and nonketotic hyperosmolar coma by

Disease
severity

Compensatory
mechanisms

Symptomatic

FIGURE 8-1 Even mild organ system dysfunction may cause symptoms if compen-
satory mechanisms are impaired. (From NM Resnick: JAMA 276:1832, 1996.)

Asymptomatic
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mild glucose intolerance. Paradoxically, therefore, treatment of the
underlying disease may be easier because it is frequently less advanced
at the time of presentation. A corollary is that drug side effects can
occur with drugs and drug doses unlikely to produce side effects in
younger people. For instance, a sedating antihistamine (e.g., diphen-
hydramine) may cause confusion, loop diuretics may precipitate uri-
nary incontinence, digoxin may induce depression even with normal
serum levels, and over-the-counter sympathomimetics may precipitate
urinary retention in men with mild prostatic obstruction.

Unfortunately, the predisposition to develop symptoms at an earlier
stage of disease is often offset by two factors. First, symptoms may
present later if there is functional limitation in another system. Coro-
nary artery disease or aortic stenosis may not cause symptoms as early
in patients whose mobility is compromised by arthritis. Second, a
change in illness behavior occurs with age. Raised at a time when
symptoms and debility were accepted as normal consequences of ag-
ing, the elderly are less likely to seek attention until symptoms become
disabling. Thus, any symptom, particularly those associated with a
change in functional status, must be taken seriously and evaluated
promptly.

3. Since many homeostatic mechanisms may be compromised
concurrently, there are usually multiple abnormalities amenable to
treatment, and small improvements in each may yield dramatic benefits
overall. For instance, cognitive impairment in patients with Alzhei-
mer’s disease may respond much better to interventions that alleviate
comorbidity than to prescription of a cholinesterase inhibitor (Fig. 8-
2). Similar approaches apply to most other geriatric syndromes, in-
cluding falls, incontinence, depression, delirium, syncope, and
fracture. In each case, substantial functional improvement can result
from treating the contributing factors even if—as in Alzheimer’s dis-
ease—the disease itself is largely untreatable.

4. Many findings that are abnormal in younger patients are rela-
tively common in older people—e.g., bacteriuria, premature ventric-
ular contractions, low bone mineral density, impaired glucose
tolerance, and uninhibited bladder contractions. However, they may
not be responsible for a particular symptom but only be incidental
findings that result in missed diagnoses and misdirected therapy. For
instance, the finding of bacteriuria should not end the search for a
source of fever in an acutely ill older patient, nor should an elevated
random blood sugar—especially in an acutely ill patient—be incrim-
inated as the cause of neuropathy. On the other hand, certain other

50 4

Drugs/alcohol
Metabolic depression
CHF/COPD
Vision/hearing

% Mental function lost

<65 years old
Alzheimer's vs. Age

>65 years old

FIGURE 8-2 Although young and old patients may appear to suffer equally from
Alzheimer's disease, its extent in older patients is often magnified by comorbidity and
drug use. Identification and treatment of these contributing factors will improve the
older patient's function even though the Alzheimer's disease is inadequately treatable.
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease. (From NM
Resnick, ER Marcantonio: Lancet 350:1175, 1997.)

abnormalities must not be dismissed as due to old age—e.g., there is
no anemia, impotence, depression, or confusion of old age.

5. Because symptoms in older people are often due to multiple
causes, the diagnostic “law of parsimony” often does not apply. For
instance, fever, anemia, retinal embolus, and a heart murmur prompt
almost a reflex diagnosis of infective endocarditis in a younger patient
but may reflect aspirin-induced blood loss, a cholesterol embolus, in-
significant aortic sclerosis, and a viral illness in an older patient. More-
over, even when the diagnosis is correct, treatment of a single disease
in an older patient is unlikely to result in cure. For instance, in a
younger patient, incontinence due to involuntary bladder contractions
is treated effectively with a bladder relaxant medication. However, in
an older patient with the same condition but who also has fecal im-
paction, takes medications that cloud the sensorium, and suffers from
arthritis-associated impairments of mobility and manual dexterity,
treatment of the bladder spasms alone is unlikely to restore continence.
On the other hand, disimpaction, discontinuation of the offending med-
ications, and treatment of the arthritis are likely to restore continence
without the need for a bladder relaxant. Failure to recognize these
principles often leads to prescribing “ineffective” therapy and to un-
justified therapeutic nihilism toward older patients.

6. Because the older patient is more likely to suffer the adverse
consequences of disease, treatment—and even prevention—may be
equally or even more effective. For instance, the survival benefits of
exercise, as well as thrombolysis and beta-blocker therapy after a myo-
cardial infarction, are as impressive in older patients as in younger
ones; and treatment of hypertension and transient ischemic attacks, as
well as immunization against influenza and pneumococcal pneumonia,
are more effective in older patients. A proactive approach is even more
effective in acute care, in which it decreases the risk of delirium by
30 to 60%. In the outpatient setting, such an approach can delay func-
tional decline and institutionalization. In addition, prevention in older
patients must often be seen in a broader context. For instance, although
interventions to increase bone density may be limited in older patients,
fracture may still be prevented by efforts to improve balance,
strengthen legs, reduce peripheral edema, treat other contributing med-
ical conditions, replete nutritional deficits, eliminate environmental
hazards, and remove adverse medications—not so much those that
affect bone metabolism, but rather those that induce orthostasis, con-
fusion, and extrapyramidal stiffness.

In summary, optimal treatment of the older patient generally re-
quires treating much more than the organ system usually associated
with the disease or symptom, and often permits ignoring that system
entirely.

EVALUATION Evaluation of the older patient can be time-consuming,
even when it is tailored to the problem. Yet, such initial investment
can reduce subsequent morbidity and resource utilization and enhance
patient and physician satisfaction. Additionally, the assessment can
often be accomplished over several visits. Moreover, much can be
gleaned from questionnaires filled out by the patient or caregiver in
advance as well as from observation. For instance, greeting the patient
in the waiting room allows the physician to note affective and cogni-
tive response, the strength of the handshake, the ease of rising from a
chair without using the arms, the length and steadiness of the stride,
and the ability to follow directions to the examining room and to sit
down safely in the examining room chair. Observing the patient dress
or undress can also enhance detection of impaired cognition, fine mo-
tor skills, balance, and judgment. Such observations often provide
more information than standard examinations and can shorten the clin-
ical evaluation.

HISTORY-TAKING IN ELDERLY PATIENTS Most older patients are able to
provide a reliable medical history; however, a multitude of complaints
may make obtaining a history more difficult. If the patient is unable
to comprehend or communicate, data should be sought from family,
friends, and caregivers. The history should also include drug and al-
cohol ingestion, dietary patterns, falling, incontinence, sexual dys-
function, depression, and anxiety.



Advance Directives All older patients should be asked whether they
have drafted advance health care directives, and, if they have, a copy
should be placed in the record. Such directives may consist of a health
care proxy or durable power of attorney for health care, in which pa-
tients designate a surrogate decision-maker who makes health care
decisions if the patient cannot, and/or a living will or medical directive,
in which patients specify their desires for treatment in specific situa-
tions if they cannot communicate at the critical time.

Whether or not the patient has formally drafted these directives, it
is useful to indicate in the record who should make health care deci-
sions if the patient is no longer able to do so. Patients should then be
encouraged to discuss their thoughts with the physician as well as the
designated proxy. It is not feasible to cover all possible future com-
plications in such discussions. Ascertaining patients’ perspectives on
specific interventions, such as resuscitation or intubation, is also dif-
ficult because preferences will likely differ depending on prognosis.
For instance, a patient may not be interested in feeding tube placement
following a massive stroke with little chance of recovery but would
prefer the same intervention if it is short-term and helps ensure more
rapid and complete recovery from an intercurrent illness such as pneu-
monia. More useful is a discussion that uses open-ended questions and
empathic comments to elicit the patient’s values and goals. Moreover,
for any given condition, preferences may differ depending on baseline
clinical status. For robust elderly individuals, recovery is a realistic
goal, albeit the odds of complications are higher than for younger
individuals. For the frail elderly patient with comorbidity that impairs
functional status, reduction or alleviation of symptoms may be the
goal. For patients with advanced dementia or terminal illness, maxi-
mizing comfort may be the most appropriate strategy. In each situation,
however, early elicitation of a patient’s preferences and values—when
the patient can still state them—can often help both physicians and
families in subsequent difficult decisions by giving surrogate decision-
makers the sense that they are doing as the patient would have wanted.

PHYSICAL EXAMINATION Certain features of the examination should re-
ceive special attention, depending in part on clues from the history.
Weight and postural blood pressure should be measured at most visits.
Vision and hearing should be checked; if hearing is impaired, excess
cerumen should be removed from the external auditory canals prior to
audiologic referral. Denture fit should be assessed, and the oral cavity
should be inspected with the dentures removed. Although thyroid dis-
ease becomes more common with age, the sensitivity and specificity
of related findings are substantially lower than in younger individuals;
consequently, the physical examination can rarely corroborate or ex-
clude thyroid dysfunction in older patients. The breasts should not be
overlooked, since older women are more likely to have breast cancer
and less likely to do breast self-examination. The systolic murmur of
aortic sclerosis is common and may be difficult to differentiate from
aortic stenosis, especially since the presence of a fourth heart sound
in an elderly person does not imply significant cardiac disease, and
the carotid upstroke normally increases owing to age-related arterial
stiffening.

In inactive patients and those with fecal or urinary incontinence,
one should check for fecal impaction. In patients with urinary incon-
tinence—especially men—a distended bladder must be looked for,
since it may be the only finding in urinary retention; perineal sensation
and the bulbocavernosus reflex should also be tested. Patients who fall
should be observed standing up from a chair, bending down, reaching
up, walking 3 m (10 ft), turning, returning, and sitting again; abnor-
malities of gait and balance should be evaluated with the patient’s eyes
open and closed and in response to a sternal push. It should be appre-
ciated that “frontal release signs” (e.g., “snout,” “glabellar,” or pal-
momental reflexes) and absent ankle jerks and vibratory sense in the
feet may be normal in the elderly.

MENTAL STATUS EXAMINATION In addition to evaluating mood and affect,
some form of cognitive testing is essential in all elderly patients, even
if it involves only checking different components of the history for
consistency. People with mild degrees of dementia usually retain their
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social graces and may mask intellectual impairment by a cheerful and
cooperative manner. Thus, the examiner should always probe for con-
tent. For patients who follow the news, one can ask what stories they
are particularly interested in and why; the same applies to reading,
social events—even the soap operas on television.

If there is any suspicion of a cognitive deficit after this kind of
conversational probing, further questioning is indicated. An exami-
nation that tests only orientation as to person, place, and time is in-
sufficient to detect mild or moderate intellectual impairment. As a
quick screen, simply assessing orientation and asking the patient to
draw a clock with the hands at a set time (e.g., 10 min before 2:00)
can be very informative regarding cognitive status, visuospatial defi-
cits, ability to comprehend and execute instructions in logical se-
quence, and presence or absence of perseveration. For slightly more
detailed examinations, many practical mental status tests are available.
The most widely used is the Mini-Mental Status Examination of Fol-
stein (Chap. 257), which provides a numerical score that can be ob-
tained in 5 to 10 min. Regardless of the test employed, the total score
is less useful diagnostically than is knowledge of the specific domain
of the deficit. As a general rule, disproportionate difficulty with im-
mediate recall (e.g., of a list of three items) suggests depression, while
predominant difficulty with recalling the items 5 min later suggests
dementia. For patients with deficits of attention—recognized by in-
ability to spell simple words backwards, repeat five digits, or recite
the months of the year backwards—delirium is probably present, and
the accuracy of the remainder of the test is dubious. However, the test
can be interpreted accurately only in the context of a comprehensive
evaluation.

EVALUATION OF FUNCTIONAL CAPACITY Medical problem lists, a standard
tool for assessing and following younger patients, often prove inade-
quate for older patients. Heart failure, stroke, and prostate cancer can
describe a bedbound institutionalized person as well as a Supreme
Court justice. Thus, it is essential to ascertain the patient’s degree of
functional incapacity owing to both medical and psychosocial prob-
lems. The functional assessment includes determination of the pa-
tient’s ability to perform basic activities of daily life (ADL), which
are those needed for personal self-care, as well as the ability to perform
more complex tasks required for independent living, the instrumental
activities of daily living (IADL). ADLs include bathing, dressing, toi-
leting, feeding, getting in and out of chairs and bed, and walking.
IADLs include shopping, cooking, money management, housework,
using a telephone, and traveling outside the home. For frail patients,
an assessment in the home by a trained observer may be required, but
for most patients a questionnaire dealing with these activities can be
completed by the family or patient. In either case, the physician must
determine the cause of any impairment and whether it can be treated.
Assessment should conclude with determination of the socioeconomic
circumstances and social support systems.

MANAGEMENT OF COMMON GERIATRIC CONDITIONS

Diseases more common in the elderly are covered elsewhere in the
text. The medical problems discussed below do not usually present as
clear-cut organ-specific diagnoses and are most common in the frail
elderly, especially those over 80 years of age.

INTELLECTUAL IMPAIRMENT The predominant causes of impaired men-
tation in older patients are delirium, dementia, and depression. Each
condition is covered elsewhere in the text in detail (Chaps. 257 and
350), but their management in the elderly is discussed here.
Differentiating the causes of impaired mentation is important, but
in older patients they frequently coexist. Thus, the most important first
step is to search for and correct all factors that may contribute to
cognitive impairment, even in patients with dementia (Fig. 8-2). Evi-
dence of dangerous behavior should also be sought (e.g., leaving the
stove on, wandering, and getting lost), and plans should be devised to
deal with it. Although there is no definitive treatment for Alzheimer’s
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disease, it is important to detect. Such knowledge allows the physician
to discontinue all unnecessary medications, identify and treat new in-
tercurrent illness, and search for alternative ways to obtain the interval
history and to ensure that the patient’s medications are taken correctly.
In addition, the physician should help the family and patient predict
and deal with the disease; indeed, the family often needs the physi-
cian’s support more than the patient does.

TREATMENT

Community services should be suggested as needed, including a vis-
iting nurse, a home health aide to assist with personal hygiene, a home-
maker to assist with housework, meal delivery, transportation services,
day health centers, and respite care to ease the burden on family mem-
bers. Support groups such as the Alzheimer’s Association are often of
value to the family and help them to anticipate problems. Signs of
patient abuse by an overstressed caregiver should be watched for. Le-
gal counsel should be recommended to help the patient and family
devise plans for ongoing management and ultimate disposition of as-
sets. Assessment of driving safety may be warranted and can often be
completed at a driving school or rehabilitation center. Advance direc-
tives should be sought as soon as possible while the patient can still
participate.

Cholinesterase inhibitors (e.g., donepezil, galantamine, and riva-
stigmine) can slow clinical progression and ameliorate behavior. How-
ever, they are expensive, their efficacy is modest, their utility for more
than a year is largely unstudied, and their side effects (nausea, diarrhea,
insomnia, dizziness, and confusion) are common, particularly at the
higher dosages often needed. Thus, goals should be agreed upon prior
to therapy. If they are not met within 3 to 6 months at maximum
dosage, consideration may be given to discontinuing therapy. Patients
should be monitored for decline when cholinesterase inhibitors are
stopped, since this may point to a previously unrecognized therapeutic
benefit.

Finally, abrupt worsening of mentation or the onset of disruptive
behavior should always prompt a search for new illness or medication.
Exacerbation of cognitive dysfunction may occur with mild infections
(e.g., subungual toe abscess, vaginitis, or pressure ulcer); with “ther-
apeutic” levels of many drugs; with use of nonprescribed drugs or
alcohol; with modest abnormalities of serum sodium, calcium, glu-
cose, or thyroxine; with mild hypoxia; with borderline nutritional de-
ficiencies; with subdural hematoma or “minor” stroke; and with the
development of fecal impaction, urinary retention, pain, or change in
environment, particularly in frail older patients. However, if a cause
is not found and behavior does not respond to environmental manip-
ulation (e.g., ignoring the behavior, distracting the patient, addressing
situational “triggers,” and providing a calm environment), low doses
of an antipsychotic medication may be helpful (e.g., haloperidol, 0.25
to 2 mg/d orally; see below). Of note, feeding tubes inserted into pa-
tients with advanced dementia do not prolong life, prevent aspiration,
or promote healing of pressure ulcers.

DEPRESSION  Depression of significant degree occurs in 5 to 10% of
community-dwelling elderly but is often overlooked. At highest risk
are individuals with recent medical illness (e.g., stroke or fracture),
bereavement, lack of social supports, recent nursing home admission,
or psychiatric history (including alcohol abuse). The diagnosis requires
the presence of a depressed mood for at least two consecutive weeks
plus at least four of the following eight symptoms: sleep disturbance,
lack of interest, feelings of guilt, decreased energy, decreased concen-
tration, decreased appetite, psychomotor agitation/retardation, and su-
icidal ideation. Also helpful diagnostically are a personal or family
history of depression, anhedonia (loss of pleasure), and past response
to an antidepressant. It is essential to bear in mind that depression in
older patients is often caused or contributed to by drugs or a systemic
illness. It is also important to recognize that the risk of suicide is
highest in older adults. Although “subsyndromal” depression (fewer

than four of the above symptoms) also causes substantial morbidity
and health resource utilization, it appears to be less responsive than
major depression to therapy.

TREATMENT

For the hospitalized patient in whom acute depression delays recovery
or rehabilitation—when correction of medical and pharmacologic con-
tributing factors is ineffective and there is no prior history of mania
or major depression—methylphenidate, 5 to 10 mg at 8 A.M. and noon
(to avoid insomnia) is often very effective, with benefits discernible
within a few days. For patients with major depression, there is no ideal
antidepressant drug. All are about equally effective, but the side effects
differ (see below and Chap. 371). Consequently, one should become
familiar with more than one agent with proven efficacy in older adults
(e.g., sertraline, citalopram, bupropion, venlafaxine, mirtazapine, and
nortriptyline). Because of its potent anticholinergic and orthostatic side
effects, amitriptyline should be avoided whenever possible in older
patients. Initial low dosages should be increased slowly to avoid se-
rious side effects; low doses of each medication (e.g., nortriptyline, 10
to 50 mg daily; desipramine, 25 to 75 mg daily; or sertraline 50 to 150
mg daily) are often effective in the elderly, especially when combined
with psychotherapy. All of the selective serotonin reuptake inhibitors
(SSRIs) and venlafaxine may cause hyponatremia due to the syndrome
of inappropriate diuretic hormone (SIADH), and all, like the tricyclic
antidepressants, may cause falls. Adverse drug reactions should not be
assumed to be due to the aging process.

Treatment should be continued for up to a year after remission of
the first episode of depression because relapse rates are higher in the
elderly. Consideration for indefinite antidepressant therapy should be
given to patients with two or more relapses. For those with psychotic
depression, refractory depression, or depression where a definitive,
rapid response is required (e.g., extreme frailty, actively suicidal), elec-
troconvulsive therapy is usually well tolerated and highly effective in
elderly patients.

URINARY INCONTINENCE m Transient Incontinence (Table 8-3) Because
urinary continence requires adequate mobility, mentation, motivation,
and manual dexterity—in addition to integrated control of the lower
urinary tract—problems outside the bladder can result in incontinence.

1. Delirium. A clouded sensorium impedes recognition of both the
need to void and the location of the nearest toilet; once delirium
clears, incontinence resolves.

2. Infection. Symptomatic urinary tract infection commonly causes
or contributes to incontinence; asymptomatic infection does not.

3. Atrophic urethritis/vaginitis. Atrophic urethritis/vaginitis, char-
acterized by the presence of vaginal telangiectasia, petechiae, er-
ythema, or friability, commonly contributes to incontinence in
women and responds to a several-month course of low-dose es-
trogen or vaginal estrogen creams.

TABLE 8-3 (lassification of Incontinence
TRANSIENT

Delirium/confusional state

Infection—urinary (symptomatic)

Atrophic urethritis/vaginitis

Pharmaceuticals

Psychological, especially depression

Excessive urine output (e.g., CHF, hyperglycemia)
Restricted mobility

Stool impaction

ESTABLISHED

Detrusor overactivity
Detrusor underactivity
Urethral obstruction
Urethral incompetence

Note: CHF, congestive heart failure.
Source: Adapted from NM Resnick: Medical Grand Rounds 3:281, 1984.



4. Pharmaceutical. The drugs most commonly causing transient in-
continence are listed in Table 8-4.

5. Psychological. Depression and psychosis are uncommon but treat-
able causes.

6. Excess urine output. Excess urine output may overwhelm the abil-
ity to reach a toilet in time. Causes include diuretics, alcohol,
excess fluid intake, and metabolic abnormalities (e.g., hypergly-
cemia, hypercalcemia, diabetes insipidus); nocturnal incontinence

may also result from mobilization of peripheral edema.

7. Restricted mobility. If mobility cannot be improved, access to a
urinal or commode may restore continence. (See “Immobility,”

below.)

8. Stool impaction. This is a common cause of urinary incontinence,
especially in hospitalized or immobile patients. Although the
mechanism is unknown, a clue to its presence is the coexistence
of both urinary and fecal incontinence. Disimpaction restores con-

tinence.

Established Incontinence (Table 8-3) The causes of established incon-
tinence include irreversible functional deficits, such as end-stage Alz-
heimer’s disease, and intrinsic lower urinary tract dysfunction. Lower
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urinary tract dysfunction should be sought after transient causes have
been excluded.

DETRUSOR OVERACTIVITY ~ This disorder (involuntary bladder contraction)
accounts for two-thirds of geriatric incontinence in both sexes, regard-
less of whether patients are demented. Detrusor overactivity can be
diagnosed presumptively in a woman when leakage occurs in the ab-
sence of stress maneuvers or urinary retention and is preceded by the
abrupt onset of an intense urge to urinate that cannot be forestalled.
In men, the symptoms are similar, but since detrusor overactivity often
coexists with urethral obstruction, urodynamic testing should be done
if prescription of a bladder relaxant is planned. Because detrusor over-
activity may also be due to bladder stones or tumor, the abrupt onset
of otherwise unexplained urge incontinence—especially if accompa-
nied by perineal/suprapubic discomfort or sterile hematuria— should
prompt cystoscopy and cytologic examination.

TABLE 8-4 Commonly Used Medications That May Affect Continence

Type of Medication

Examples

Potential Effects on
Continence

Sedatives/hypnotics

Alcohol

Anticholinergics

Antipsychotics

Tricyclic
antidepressants
Antiparkinsonians

Narcotic analgesics

a-Adrenergic
antagonists

a-Adrenergic
agonists

Calcium channel
blockers

Potent diuretics
Angiotensin-

converting enzyme
inhibitors

Thiazolidinediones

Cyclooxygenase 2
selective NSAIDs
Vincristine

Long-acting
benzodiazepines
(e.g., diazepam,
flurazepam)

Dicyclomine,
disopyramide,
sedating
antihistamines

Thioridazine,
haloperidol

Amitriptyline,
desipramine

Trihexyphenidyl,
benztropine mesylate
(not L-dopa/
selegiline)

Opiates

Prazosin, terazosin,
doxazosin

Nasal decongestants

All dihydropyridines”

Furosemide,
bumetanide

Captopril, enalapril,
lisinopril

Rosiglitazone

Rofecoxib, celecoxib

Sedation, delirium,
immobility

Polyuria, frequency,
urgency, sedation,
delirium, immobility

Urinary retention,
overflow
incontinence,
delirium, impaction

Anticholinergic actions,
sedation, rigidity,
immobility

Anticholinergic actions,
sedation

Anticholinergic actions,
sedation

Urinary retention, fecal
impaction, sedation,
delirium

Urethral relaxation may
precipitate stress
incontinence in
women

Urinary retention in
men

Urinary retention;
nocturnal diuresis due
to fluid retention

Polyuria, frequency,
urgency

Drug-induced cough
can precipitate stress
incontinence in
women and in some
men with prior
prostatectomy

Nocturnal diuresis due
to fluid retention

Nocturnal diuresis due
to fluid retention

Urinary retention

TREATMENT

The cornerstone of treatment is behavioral therapy with or without
biofeedback. Patients without dementia are instructed to void every 1
to 2 h (while awake only) and to suppress urgency in between; once
daytime continence is restored, the interval between voiding can be
progressively increased. Demented patients are “prompted” to void at
similar intervals. When drugs are necessary, they should be added to
these regimens and monitored to avoid inducing urinary retention. Ef-
fective drugs include oxybutynin (2.5 to 5 mg three or four times daily,
or sustained release, 5 to 20 mg once daily) and tolterodine (1 to 2 mg
twice daily or 2 to 4 mg once daily). If prescribed for older patients,
desmopressin should be used cautiously—especially in the setting of
renal insufficiency or heart failure—and it probably should not be
given to patients with hyponatremia or urine output >2500 mL/d.
Alternative treatments, such as neuromodulation, botulinum toxin in-
jections, and stem cell therapy, are under investigation.

Indwelling catheterization is rarely indicated for detrusor overac-
tivity. If all measures fail, an external collection device or protective
pad or undergarment may be required.

STRESS INCONTINENCE  This disorder, the second most common cause of
established incontinence in older women (it is rare in men), is char-
acterized by symptoms and evidence of instantaneous leakage of urine
in response to stress. Leakage is worse or occurs only during the day
unless another abnormality (e.g., detrusor overactivity) is also present.
On examination, with the bladder full and the perineum relaxed, in-
stantaneous leakage upon coughing strongly suggests stress inconti-
nence, especially if it reproduces symptoms and if urinary retention
has been excluded by a postvoiding residual determination; a several-
second delay suggests that leakage is instead caused by an involuntary
bladder contraction induced by coughing.

< Examples include nifedipine, nicardipine, israpidine, felodipine, nimodipine.

Source: Adapted from NM Resnick, in Current Medical Diagnosis and Treatment, LT

Tierney et al (eds), Norwalk, Appleton & Lange, 1993.

TREATMENT

Surgery is the most effective treatment. For women who can comply
indefinitely, pelvic muscle exercises are an option for mild to moderate
stress incontinence, but they often require specialized training using
vaginal cones or biofeedback. Occasionally, a pessary or even a tam-
pon (for women with vaginal stenosis) provides some relief.

URETHRAL O0BSTRUCTION ~Rarely present in women, urethral obstruction
(due to prostatic enlargement, urethral stricture, bladder neck contrac-
ture, or prostate cancer) is the second most common cause of estab-
lished incontinence in older men. It can present as dribbling
incontinence after voiding, urge incontinence due to detrusor overac-
tivity (which coexists in two-thirds of cases), or overflow incontinence
due to urinary retention. Renal ultrasound is recommended to exclude
hydronephrosis in men whose postvoiding residual volume exceeds
100 to 200 mL; in older men for whom surgery is planned, urodynamic
confirmation of obstruction is strongly advised.



TABLE 8-5

Intrinsic Risk Factors for Falling, and Possible Interventions

Risk Factor

Interventions

Medical

Rehabilitative or Environmental

men; such testing is not usually required
in women, in whom obstruction is
rare.

Reduced visual acuity, dark
adaptation, and perception
Reduced hearing

Vestibular dysfunction

Proprioceptive dysfunction,
cervical degenerative
disorders, and peripheral
neuropathy

Dementia

Musculoskeletal disorders

Foot disorders (calluses,
bunions, deformities, edema)

Postural hypotension

Use of medications (sedatives:
benzodiazepines,
phenothiazines,
antidepressants;
antihypertensives; others:
antiarrhythmics,
anticonvulsants, diuretics,
alcohol)

Refraction; cataract extraction

Removal of cerumen; audiologic
evaluation

Avoidance of drugs affecting the
vestibular system; neurologic
or ear, nose, and throat
evaluation, if indicated

Screening for vitamin B,
deficiency and cervical
spondylosis

Detection of reversible causes;
avoidance of sedative or
centrally acting drugs

Appropriate diagnostic
evaluation

Shaving of calluses;
bunionectomy; treatment of
edema

Assessment of medications;
rehydration; possible alteration
in situational factors (e.g.,
meals, change of position)

Steps to be taken:

1. Attempted reduction in the
total number of medications
taken

2. Assessment of risks and
benefits of each medication

3. Selection of medication, if
needed, that is least centrally

Home safety assessment

Hearing aid if appropriate (with
training); reduction in
background noise

Habituation exercises

Balance exercises; appropriate
walking aid; correctly sized
footwear with firm soles; home
safety assessment

Supervised exercise and
ambulation; home safety
assessment

Balance-and-gait training;
muscle-strengthening
exercises; appropriate walking
aid; home safety assessment

Trimming of nails; appropriate
footwear

Dorsiflexion exercises;
pressure-graded stockings;
elevation of head of bed;
use of tilt table if condition is
severe

TREATMENT

For the patient with a poorly contractile
bladder, augmented voiding techniques
(e.g., double voiding or applying supra-
pubic pressure) are often effective; phar-
macologic agents (e.g., bethanechol) are
rarely effective. If further emptying is
needed or for the patient with an acon-
tractile bladder, intermittent or indwell-
ing catheterization is the only option.
Antibiotics should be used for sympto-
matic upper tract infection, or as pro-
phylaxis for recurrent symptomatic
infections only in a patient using inter-
mittent catheterization; they should not
be used as prophylaxis with an indwell-
ing catheter.

FALLS Falls are a major problem for el-
derly people, especially women. Some
30% of community-dwelling elderly in-
dividuals fall each year, and the propor-
tion increases with age. Nonetheless,
falling must not be viewed as accidental,
inevitable, or untreatable.

Causes of Falls Balance and ambulation
require a complex interplay of cogni-
tive, sensory, neuromuscular, and car-
diovascular function and the ability to
adapt rapidly to an environmental chal-
lenge. With age, balance becomes im-

acting, least associated with
postural hypotension, and has
shortest action

4. Prescription of lowest
effective dose

5. Frequent reassessment of
risks and benefits

paired and sway increases. The resulting
vulnerability predisposes the older per-
son to fall when challenged by an ad-
ditional insult to any of these systems.
Thus, a seemingly minor fall may be due
to a serious problem, such as pneumonia

Source: After ME Tinetti and M Speechley, N Engl J Med 320:1055, 1989.

TREATMENT

Surgical decompression is the most effective treatment for obstruction,
especially if there is urinary retention. For a nonoperative candidate,
intermittent or indwelling catheterization is used; a condom catheter
is contraindicated when urinary retention is present. For a man with
prostatic obstruction who is not in retention, treatment with an a-
adrenergic antagonist (e.g., terazosin, 5 to 10 mg daily, or tamsulosin,
0.4 to 0.8 mg daily) may lessen symptoms in a few weeks. The Sa-
reductase inhibitor finasteride may ameliorate symptoms in a third or
more of patients, but its impact is less and not apparent for many
months. Combined treatment with finasteride and either terazosin or
tamsulosin has proved no better than treatment with an alpha blocker
alone in most men.

DETRUSOR UNDERACTIVITY ~ Whether idiopathic or due to sacral lower motor
nerve dysfunction, this is the least common cause of incontinence
(<10% of cases). When it causes incontinence, detrusor underactivity
is associated with urinary frequency, nocturia, and frequent leakage of
small amounts. The elevated postvoiding residual volume (generally
>450 mL) distinguishes it from detrusor overactivity and stress in-
continence, but only urodynamic testing (rather than cystoscopy or-
intravenous urography) differentiates it from urethral obstruction in

or a myocardial infarction.

Much more commonly, however,
falls are due to the complex interaction
between a variably impaired patient and an environmental challenge.
While a warped floorboard may pose little problem for a vigorous,
unmedicated, alert person, it may be sufficient to precipitate a fall and
hip fracture in the patient with impaired vision, strength, balance, or
cognition. Thus, falls in older people are rarely due to a single cause,
and effective prevention entails a comprehensive assessment of the
patient’s intrinsic deficits (usually diseases and medications), the rou-
tine activities, and the environmental obstacles.

Intrinsic deficits are those that impair sensory input, judgment,
blood pressure regulation, reaction time, and balance and gait (Table
8-5). Medications and alcohol use are among the most common, sig-
nificant, and reversible causes of falling. Other treatable contributors
include postprandial hypotension (which peaks 30 to 60 min after a
meal), insomnia, urinary urgency, foot problems, and peripheral edema
[which can burden impaired leg strength and gait with an additional 2
to 5 kg (5 to 10 1b)].

Environmental obstacles are listed in Table 8-6. Since most falls
occur in or around the home, a visit by a visiting nurse, physical ther-
apist, or physician often reaps substantial dividends.

Complications of Falls and Treatment One out of four people who fall
suffers serious injury. About 5% of falls result in fractures, and an
equal proportion cause serious soft tissue damage. Falls are the sixth
leading cause of death for older people and a contributing factor in



TABLE 8-6 Environmental Factors Affecting the Risk of Falling

Environmental
Area or Factor

Objective and Recommendations

All areas
Lighting Adequacy of illumination (older people need twice
as much as younger people); absence of glare and
shadows; accessible switches at room entrances;
night light in bedroom, hall, bathroom

Nonskid backing for throw rugs; carpet edges tacked
down; carpets with shallow pile; nonskid wax on
floors; cords out of walking path; small objects
(e.g., clothes, shoes) off floor

Lighting sufficient, with switches at top and bottom
of stairs; securely fastened bilateral handrails that
stand out from wall; top and bottom steps marked
with bright, contrasting tape; stair rises of no more
than 6 in; steps in good repair; no objects stored
on steps

Items stored so that reaching up and bending over
are not necessary; secure step stool available if
climbing is necessary; firm, nonmovable table

Grab bars for tub, shower, and toilet; nonskid decals
or rubber mat in tub or shower; shower chair with
handheld shower; nonskid rugs; raised toilet seat;
door locks removed to ensure access in an
emergency

Repair of cracks in pavement, holes in lawn;
removal of rocks, tools, and other tripping
hazards; well-lit walkways, free of ice and wet
leaves; stairs and steps as above

All the above; bed at proper height (not too high or
low); spills on floor cleaned up promptly;
appropriate use of walking aids and wheelchairs

Shoes with firm, nonskid, nonfriction soles; low
heels (unless person is accustomed to high heels);
avoidance of walking in stocking feet or loose
slippers

Floors

Stairs

Kitchen

Bathroom

Yard and

entrances

Institutions

Footwear

Source: After ME Tinetti and M Speechley, N Engl J Med 320:1055, 1989.

40% of admissions to nursing homes. Resultant hip problems and fear
of falls are major causes of loss of independence.

Subdural hematoma is a treatable but easily overlooked compli-
cation of falls that must be considered in any elderly patient presenting
with new neurologic signs, including confusion alone, even in the
absence of a headache. Dehydration, electrolyte imbalance, pressure
sores, thabdomyolysis, and hypothermia may also occur and endanger
the patient’s life following a fall.

The risk of falling is related to the number of contributory condi-
tions. Because the relationship is multiplicative rather than additive,
however, even minor improvement in a number of these factors will
reduce the risk substantially. In addition, gait training by a physical
therapist often alleviates fear of falling. For those willing to wear them,
hip pads have proved effective in two European trials, but the efficacy
and acceptability of pads available in the United States are not yet
established. Ensuring the availability of phones at floor level, a por-
table phone, or a lightweight radio call system is also important, as is
detection and treatment of osteoporosis.

IMMOBILITY The main causes of immobility are weakness, stiffness,
pain, imbalance, and psychological problems. Weakness may result
from disuse of muscles, malnutrition, electrolyte disturbances, anemia,
neurologic disorders, or myopathies. The most common cause of stiff-
ness in the elderly is osteoarthritis; however, Parkinson’s disease,
rheumatoid arthritis, gout, pseudogout, and antipsychotic drugs such
as haloperidol may also contribute. Pain, whether from bone (e.g.,
osteoporosis, osteomalacia, Paget’s disease, metastatic bone cancer,
trauma), joints (e.g., osteoarthritis, rheumatoid arthritis, gout), bursa,
muscle (e.g., polymyalgia rheumatica, intermittent claudication, or
“pseudoclaudication”), or foot problems may immobilize the patient.

Imbalance and fear of falling are major causes of immobilization.
Imbalance may result from general debility, neurologic causes (e.g.,
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stroke; loss of postural reflexes; peripheral neuropathy due to diabetes
mellitus, alcohol, or malnutrition; and vestibulocerebellar abnormali-
ties), orthostatic or postprandial hypotension, or drugs (e.g., diuretics,
antihypertensives, neuroleptics, and antidepressants) or may occur fol-
lowing prolonged bed rest. Psychological conditions such as severe
anxiety or depression may also contribute to immobilization.

Consequences In addition to thrombophlebitis and pulmonary embolus,
there are multiple hazards of bed rest in the elderly. Deconditioning
of the cardiovascular system occurs within days and involves fluid
shifts, fluid loss, decreased cardiac output, decreased peak oxygen up-
take, and increased resting heart rate. Striking changes also occur in
skeletal muscle. At the cellular level, intracellular ATP and glycogen
concentrations decrease, rates of protein degradation increase, and con-
tractile velocity and strength decline, while at the whole-muscle level,
atrophy, weakness, and shortening are seen. Pressure sores are another
serious complication; mechanical pressure, moisture, friction, and
shearing forces all predispose to their development. As a result, within
days of being confined to bed, the risk of postural hypotension, falls,
and skin breakdown rises. Moreover, these changes usually take weeks
to months to reverse.

TREATMENT

The most important step is preventive—to avoid bedrest whenever
possible. When it cannot be avoided, several measures can be em-
ployed to minimize its consequences. Patients should be positioned as
close to the upright position as possible several times daily. Range-
of-motion exercises should begin immediately, and the skin over pres-
sure points should be inspected frequently. Isometric and isotonic
exercises should be performed while the patient is in bed, and when-
ever possible patients should assist their own positioning, transferring,
and self-care. As mobility becomes feasible, graduated ambulation
should begin. For individuals confined to a wheelchair, ring-shaped
devices (“donuts”) should not be used to prevent pressure ulcers since
they cause venous congestion and edema and actually increase the
risk.

If a pressure ulcer develops, therapy depends on its stage. Stage 1
ulcers are characterized by nonblanchable erythema of intact skin;
stage 2 lesions involve an ulcer of the epidermis, dermis, or both; stage
3 ulcers extend to the subcutaneous tissue; and stage 4 lesions involve
muscle, bone, and/or the supporting tissues. For stage 1 lesions, elim-
inating excess pressure and ensuring adequate nutrition and hygiene
are sufficient. For the remaining types, the caregiver must also ensure
that the wound stays clean and moist; thus, if saline dressings are used
they should be changed when they are damp rather than dry. Synthetic
dressings are more expensive than saline but are more effective be-
cause they require fewer changes (with less disruption of reepithelial-
ization) and protect against contamination. Because bacterial
colonization of pressure ulcers is universal, swab cultures should
not be performed and topical treatment should be considered only
for patients whose ulcers have not healed after 2 weeks of therapy. By
contrast, associated cellulitis, osteomyelitis, or sepsis requires sys-
temic therapy after cultures of blood and the wound border (by
needle aspiration or biopsy) have been obtained. Surgical or enzy-
matic debridement is required for stage 3 and 4 lesions. In addition to
a daily multivitamin, prescribing vitamin C (500 mg twice daily) is
also useful. For debilitated patients, special mattresses are beneficial,
including those that reduce pressure (e.g., static air mattress or foam)
and those that relieve it (e.g., dynamic units that sequentially inflate
and deflate).

In addition to treating all identified factors that contribute to im-
mobility, consultation with a physical therapist should be sought. In-
stalling handrails, lowering the bed, and providing chairs of proper
height with arms and rubber skid guards may allow the patient to be
safely mobile in the home. A properly fitted cane or walker may be
helpful.
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IATROGENIC DRUG REACTIONS For several reasons, older patients are two
or three times more likely to have adverse drug reactions (Chap. 3).
Drug clearance is often markedly reduced. This is due to a decrease
in renal plasma flow and glomerular filtration rate and a reduced he-
patic clearance. The last is due to a decrease in activity of the drug-
metabolizing microsomal enzymes and an overall decline in blood
flow to the liver with aging. The volume of distribution of drugs is
also affected, since the elderly have a decrease in total-body water and
arelative increase in body fat. Thus, water-soluble drugs become more
concentrated, and fat-soluble drugs have longer half-lives. In addition,
serum albumin levels decline, particularly in sick patients, so that there
is a decrease in protein binding of some drugs (e.g., warfarin, phe-
nytoin), leaving more free (active) drug available. Thus, a lower/total
serum drug level, as assessed by routine assays, may be an appropriate
level in older patients.

In addition to impaired drug clearance, which alters pharmacoki-
netics, older patients have altered responses to similar serum drug
levels, a phenomenon known as altered pharmacodynamics. They are
more sensitive to some drugs (e.g., opiates, anticoagulants) and less
sensitive to others (e.g., B-adrenergic agents). Finally, the older patient
with multiple chronic conditions is likely to be taking several drugs,
including nonprescribed agents. Thus, adverse drug reactions and dos-
age errors are more likely to occur, especially if the patient has visual,
hearing, or memory deficits. Nonetheless, because undertreatment of
older patients is as problematic as overtreatment, these caveats should
not deter prescription of appropriate therapy.

Precautions to Avoid Drug Toxicity W  DRUG SELECTION AND ADMINISTRATION
Before initiating treatment, the physician should first ensure that the
symptom requiring treatment is not itself due to another drug. For
example, antipsychotic agents can cause symptoms that mimic de-
pression (flat affect, restlessness, and pacing); such symptoms should
prompt lowering of the dose rather than initiation of an antidepressant.
In addition, drug therapy should be employed only after nonpharma-
cologic means have been considered or tried and only when the benefit
clearly outweighs the risk.

Once pharmacotherapy has been decided upon, it should begin at
less than the usual adult dosage and the dose should be increased
slowly. However, given the marked variability in pharmacokinetics
and pharmacodynamics in the elderly, dose escalation should continue
until either a successful endpoint is reached or an intolerable side effect
is encountered. The final dosage schedule should be kept as simple as
possible, and the number of pills should be kept as low as possible.
Serum drug levels are often useful in older patients, especially for
monitoring drugs with narrow therapeutic indices such as phenytoin,
theophylline, quinidine, aminoglycosides, lithium, and psychotropic
agents such as nortriptyline. However, toxicity can occur even with
“normal” therapeutic levels of some drugs (e.g., digoxin, phenytoin).
Potential drug interactions should be searched for at every visit.

Over-the-Counter Agents Nearly three-quarters of the elderly regularly
use nonprescribed drugs, many of which cause significant symptoms
and/or interact with other medications. Frequent offenders include
nonprescribed agents for insomnia (most of which are anticholiner-
gics), and nonsteroidal anti-inflammatory drugs (NSAIDs), which can
hamper control of hypertension in addition to causing renal dysfunc-
tion and gastrointestinal bleeding. Gingko biloba, increasingly used as
a “memory booster,” may interfere with previously stable anticoagu-
lation regimens. Because older patients often consider such agents
“nostrums” rather than drugs, the physician must ask about them di-
rectly.

Sedative-Hypnotics  If nonpharmacologic treatment of insomnia is un-
successful, low-dose and short-term or intermittent use of an inter-
mediate-acting agent whose metabolism is not affected by age (e.g.,
oxazepam, 10 to 30 mg/d) may be useful. Because of the increased
risk of confusion and other adverse effects, benzodiazepines with ei-
ther short (e.g., triazolam) or long duration of action (e.g., flurazepam

and diazepam) should be avoided. Barbiturates should be avoided for
the same reasons. A tricyclic antidepressant should not be prescribed
for insomnia unless the patient is depressed.

Antibiotics Serum creatinine is not a good index of renal function in
old people; however, when it is elevated, special care must be taken
with the administration of drugs normally excreted by the kidneys.
Concentrations of relevant antibiotics should be measured directly.

Cardiac Drugs In older patients, digitalis, procainamide, and quinidine
have prolonged half-lives and narrow therapeutic windows; toxicity is
common at the usual dosages. For example, digoxin toxicity—espe-
cially anorexia, confusion, or depression—can occur even with ther-
apeutic digoxin levels.

H, Receptor Antagonists Most of these agents interfere with hepatic me-
tabolism of other drugs, and all can produce confusion in the elderly.
Because they are renally excreted, lower doses should be used to min-
imize the risk of toxicity in older individuals.

Antipsychotics and Tricyclic Antidepressants These drugs can produce an-
ticholinergic side effects in old people (e.g., confusion, urinary reten-
tion, constipation, dry mouth). These can be minimized by switching
to a nonanticholinergic agent (e.g., sertraline or citalopram) or one
with less anticholinergic effect (e.g., olanzapine, nortriptyline). In gen-
eral, the least potent agents for psychosis (e.g., chlorpromazine) have
the most sedating and anticholinergic effects and are the most likely
to induce postural hypotension. By contrast, the most potent antipsy-
chotic agents (e.g., haloperidol) have the least sedating, anticholiner-
gic, and hypotensive side effects but cause extrapyramidal side effects,
including dystonia, akathisia, rigidity, and tardive dyskinesia. The
newer potent antipsychotics (e.g., risperidone, olanzapine, quetiapine,
and clozapine) are relative exceptions to this rule. More specific for
serotonin than dopamine D, receptors, these medications may be safer
for older demented patients, especially those with hallucinations as-
sociated with Lewy body dementia or in those receiving therapy for
Parkinson’s disease. Unfortunately, even these newer drugs lose their
specificity at the higher doses that are commonly required in clinical
practice. Thus all of these agents are potentially toxic. Moreover, since
both depression and agitation often remit spontaneously, cautious dis-
continuation of these drugs should be considered periodically.

Glaucoma Medications Both topical beta blockers and carbonic anhy-
drase inhibitors can cause systemic side effects. The latter can cause
malaise and anorexia independent of the induced metabolic acidosis.

Anticoagulants  Elderly patients benefit from anticoagulation as much
as do younger individuals but are more vulnerable to serious bleeding
and drug interactions. Hence, more careful monitoring and aiming for
the lower boundary of the therapeutic window are advisable.

Analgesics Both propoxyphene and meperidine are associated with a
disproportionate risk of delirium, and propoxyphene also increases the
risk of hip fracture. Of the NSAIDs, indomethacin is most likely to
induce confusion, fluid retention, and gastrointestinal bleeding. Each
of these agents should be avoided in the elderly. Cyclooxygenase 2
(COX-2) inhibitors are safer than nonselective NSAIDs for older
adults. However, they are more expensive and can cause fluid retention
with consequent worsening of hypertension and nocturnal inconti-
nence.

Avoidance of Overtreatment Drugs are frequently not indicated in some
common clinical situations. For instance, antibiotics need not be given
for asymptomatic bacteriuria unless obstructive uropathy, other ana-
tomic abnormalities, or stones are also present. Ankle edema is often
due to venous insufficiency, drugs such as NSAIDs or some calcium
antagonists, or even inactivity or malnutrition in chairbound patients.
Diuretics are usually not indicated unless edema is associated with
heart failure. Fitted, pressure gradient stockings are often helpful. For
claudication, regular exercise should be prescribed before cilostazol.
Finally, since older patients generally tolerate aspirin and other
NSAIDs less well than do younger patients, localized pain should be



treated when possible with local measures such as injection, physical
therapy, heat, ultrasound, or transcutaneous electrical stimulation
(Chap. 11).

PREVENTION

Much can be done to prevent the progression and even the onset of
disease in older persons. Even when the relative benefit of an inter-
vention is less than in younger adults, its absolute impact is often
greater in the elderly because their baseline risk is higher. However,
while reductions of mortality and morbidity are valuable goals for
older adults, prevention must also encompass preservation of function
and quality of life. Moreover, because preventive interventions are
often associated with discomfort, risk, and expense, it is important to
ensure that the patient believes the benefit is worth the effort.

Certain recommendations are straightforward. Dietary inadequa-
cies should be corrected. Daily calcium intake should approximate
1500 mg, and most elderly people should take 400 to 800 IU of vitamin
D daily (contained in one to two multivitamin tablets). Tobacco and
alcohol use should be minimized, since the benefits of discontinuing
these accrue even to individuals over age 65. Because of the preva-
lence, functional impact, and ease of treatment, glaucoma should be
screened for, and visual and auditory impairment should be corrected.
Dentures should be assessed for their fit, and oral lesions beneath them
should be detected. Because thyroid dysfunction is more prevalent in
the elderly, difficult to detect clinically, and treatable, serum levels of
thyroid-stimulating hormone should be measured at least once in
asymptomatic older people and probably every 3 to 5 years thereafter.
All older women should be screened for osteoporosis. The importance
of reviewing all of a patient’s medications and discontinuing them
whenever feasible cannot be overemphasized.

Exercise should be encouraged not only because of its beneficial
effects of blood pressure, cardiovascular conditioning, glucose ho-
meostasis, bone density, insomnia, functional status, and even longev-
ity, but also because it may improve mood and social interaction,
reduce constipation, and prevent falls. Resistance training should be
encouraged as much as a walking program. Sophisticated screening
tests are generally not required. Spinal flexion exercises should be
avoided in patients with osteopenia.

Immunizations for influenza, pneumococcal pneumonia, and teta-
nus should be current. Purified protein derivative (PPD) testing should
be done on residents of chronic care facilities and on others at high
risk of tuberculosis; those who have recently converted probably
should be treated. Since responsiveness wanes with age, the test, if
negative, should be repeated in a week.

Hypertension, whether isolated systolic hypertension or combined
systolic and diastolic hypertension, should be treated as outlined in
Chap. 230.

Serum cholesterol should be measured in patients with established
coronary heart disease. Older adults with cardiovascular risk factors
experience a similar benefit from statin therapy as younger adults
(Chap. 225). Low-dose aspirin is likely useful for primary prevention
among those at highest risk for coronary and cerebrovascular disease,
but the relative risks and benefits must be considered on an individual
basis.

Cancer screening is warranted. A Papanicolaou test should be done
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in women who have not had one before, since the incidence of cervical
carcinoma and associated death increases with age; it should be re-
peated triennially in all older women unless two previous tests have
been normal. Screening for colon cancer is warranted until a minimum
age of 80 to 85, at least in community-dwelling elderly, although the
optimal method is unclear. Because older women with breast cancer
are more likely to die of of it than with it, screening mammography is
indicated every 1 to 2 years, at least until age 75, and thereafter if a
positive finding would result in therapeutic intervention.

Perhaps the most valuable preventive measure in the elderly is to
take a careful history, focusing not only on the “chief complaint” but
also on common and often hidden conditions such as falls, confusion,
depression, alcohol abuse, sexual dysfunction, and incontinence. In
addition, one should always anticipate the complications for which the
specific patient is at risk and take steps to avert them. For instance, a
patient with cognitive impairment who smokes is at risk not only for
lung cancer but also for starting a fire, and a patient who requires
narcotics is at risk for fecal impaction, delirium, urinary retention, and
confusion. Community-dwelling patients who are at highest risk of
rapid deterioration and institutionalization and who should be moni-
tored more closely include those over age 80, those who live alone,
those who are bereaved or depressed, and those who are intellectually
impaired.
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9 PALLIATIVE AND END-OF-LIFE CARE

Ezekiel J. Emanuel, linda L. Emanuel

EPIDEMIOLOGY

In 2000, 2,403,351 people died in the United States (Table 9-1). Over
70% of all deaths occur in people >65 years of age. The epidemiology
of mortality is similar in most developed countries; cardiovascular
diseases and cancer are the predominant killers, a marked change since

1900, when heart disease caused ~8% of all deaths and cancer ac-
counted for <4% of all deaths. In 2000, AIDS accounted for <1% of
all deaths, although among those aged 35 to 44, it remains a leading
cause of death.

While precise statistics are not available, it is estimated that in
developed countries ~70% of all deaths are preceded by a disease or
condition such that it is reasonable to plan for dying in the foreseeable
future. Cancer has served as the paradigm for terminal care, but it is
not the only type of illness with a recognizable and predictable ter-
minal phase. Since congestive heart failure, chronic obstructive pul-



TABLE 9-1 Ten Leading Causes of Death in the United States and Britain

United States Britain

Number Percent Number of Deaths Among Number Percent
Cause of Death of Deaths or Total People =65 Years of Age of Deaths of Total
All deaths 2,403,351 100 1,799,825 535,664 100
Heart disease 710,760 29.6 593,707 108,418 20.2
Cancer 553,091 23.0 392,366 132,793 24.8
Stroke 167,661 7.0 148,045 52,516 9.8
Chronic obstructive pulmonary disease 122,009 5.1 106,375 23,538 4.4
Accidents 97,900 4.1 31,051 10,733 2.0
Diabetes 69,301 2.9 52,414 5,773 1.1
Pneumonia/influenza 65,313 2.7 58,557 56,329 10.5
Alzheimer’s disease 49,558 2.1 48,993 14,082 2.6
Nephritis, nephritic syndrome, nephrosis 37,251 1.5 31,225 7,270 1.4
Septicemia 31,224 14 24,786 3,410 0.6

Source: National Center for Health Statistics (2000) www.cdc.gov/nchs; National Statistics
(Great Britain) www.statistics.gov.uk.

monary disease (COPD), chronic liver failure, and many other
conditions have recognizable terminal phases, a systematic approach
to end-of-life care should be part of all medical specialties. Many
patients with advanced illness can also benefit from palliative care long
before the terminal phases of their illnesses.

Over the past few decades in the United States, a significant change
in the site of death has occurred that coincides with patient and family
preferences. Nearly 60% of Americans died as inpatients in hospitals
in 1980. By 2000, the trend was reversing, with ~40% of Americans
dying as hospital inpatients (Fig. 9-1). This shift has been most dra-
matic for people dying from cancer and COPD and for younger and
very old individuals. In the past decade, it is associated with the in-
creased use of hospice care; in 2000, ~20% of all decedents in the
United States received such care. Cancer patients currently constitute
>70% of hospice users, with 33 to 50% of all terminal cancer patients
receiving hospice care. About 90% of patients receiving hospice care
die out of the hospital. Consequently, providing optimal palliative and
end-of-life care requires ensuring appropriate services in a variety of
settings, including noninstitutional settings.

HOSPICE AND THE PALLIATIVE CARE FRAMEWORK

Central to this type of care is an interdisciplinary team approach that
typically encompasses pain and symptom management, spiritual and
psychological care for the patient, and support for family caregivers.

Terminally ill patients have a wide variety of advanced diseases,
often with multiple symptoms demanding relief, and require nonin-
vasive therapeutic regimens to be delivered in a commodious care
setting. Fundamental to ensuring quality palliative and end-of-life care
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FIGURE 9-1  Graph showing trends in the site of death in the past two decades. ¢,
percentage of hospital inpatient deaths; M, percentage of decedents enrolled in a
hospice.

is a focus on four broad domains: (1) physical symptoms; (2) mental
or psychological symptoms; (3) social needs that include interpersonal
relationships, caregiving, and economic concerns; and (4) existential
or spiritual needs.

A whole-person assessment screens for and evaluates needs in each
of these four domains. Goals for care are established in discussion
with the patient and/or family based on the assessment in each of these
domains. Interventions are aimed at improving or managing symptoms
and needs. While physicians are responsible for certain especially tech-
nical interventions, and for coordinating the interventions, they cannot
be responsible for providing all of them. Since failing to address any
one of the domains is likely to preclude a good death, a well coordi-
nated, effectively communicating interdisciplinary team takes on spe-
cial importance in end-of-life care.

ASSESSMENT AND CARE PLANNING m Whole-Person Assessment Standard-
ized methods for conducting a whole-person assessment focus on eval-
uating the patient’s condition in all four domains affected by illness:
physical, mental, social, and spiritual. The assessment of physical and
mental symptoms should follow a modified version of the traditional
medical history and physical examination that emphasizes symptoms.
Questions should aim at elucidating symptoms but also discerning
sources of suffering and how much these symptoms interfere with the
patient’s life. Standardized assessment questions are available from
scales such as the Memorial Symptom Assessment Scale. Using such
scales ensures that the assessment is comprehensive and does not just
focus on pain and a few other physical symptoms. Invasive tests are
best avoided in end-of-life care, and even minimally invasive tests
should be carefully evaluated for their benefit-to-burden ratio for the
patient. Aspects of the physical examination that are uncomfortable
and unlikely to yield useful information can also be omitted.

Regarding social needs, health care providers should assess the
status of important relationships, financial burdens, care-giving needs,
and access to medical care. Relevant questions will include: How often
is there someone to feel close to? How much help do you need with
things like getting meals or getting around? How much trouble do you
have getting the medical care you need? In the area of existential
needs, providers should assess distress and the patient’s sense of being
emotionally and existentially settled and of finding purpose or mean-
ing. Helpful assessment questions can include: How much are you able
to find meaning since your illness began? In addition, it can be helpful
to ask about how well the patient perceives his or her care to be: How
much do you feel your doctors and nurses respect you? How clear is
the information from us about what to expect regarding your illness?
How much do you feel that the medical care you are getting fits with
your goals? If concern is detected in any of these areas, deeper eval-
uative questions are warranted.

Communication Foremost is to ensure empathetic and effective com-
munication. When an illness is life-threatening, there are many



emotionally charged and potentially conflict-creating moments,
collectively called “bad news” situations, in which good communi-
cation skills are essential. These moments include communicating to
the patient and/or family about a terminal diagnosis, the patient’s prog-
nosis, any treatment failures, deemphasizing efforts to cure and pro-
long life while focusing more on symptom management and palliation,
advance care planning, and the patient’s actual death.

Just as surgeons plan and prepare for major operations or investi-
gators rehearse a presentation of research results, physicians and health
care providers caring for patients with advanced illness must develop
a practiced approach to sharing important information and planning
interventions. In addition, families identify as important not only how
well the physician was prepared to deliver bad news but also the setting
in which it was delivered. For instance, 27% of families making critical
decisions for patients in the intensive care unit (ICU) desired better
and more private physical space to communicate with physicians, and
48% found having clergy present reassuring.

An organized and effective procedure for communicating bad news
with seven steps goes by the acronym P-SPIKES: (1) prepare for the
discussion, (2) set up a suitable environment, (3) begin the discussion
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by finding out what the patient and/or family understand, (4) determine
how they will comprehend new information best and how much they
want to know, (5) provide needed new knowledge accordingly, (6)
allow for emotional responses; and (7) share plans for the next steps
in care. Table 9-2 provides a summary of these steps along with sug-
gested phrases and underlying rationales for each.

Continuous Goal Assessment Major barriers to ensuring quality palliative
and end-of-life care include difficulty in providing an accurate prog-
nosis and emotional resistance of patients and their families to ac-
cepting the implications of a poor prognosis. A practical solution to
these barriers is to integrate palliative care with curative care regardless
of prognosis. With this approach, palliative care no longer conveys
the message of failure, having no more treatments, or “giving up
hope.” Fundamental to integrating palliative care with curative therapy
is to include continuous goal assessment as part of the routine patient
reassessment that occurs at most patient-physician encounters.

Goals for care are numerous, ranging from cure of a specific dis-

TABLE 9-2  Elements of Communicating Bad News— the P-SPIKES Approach

Acronym Steps Aim of the Interaction

Preparations, Questions, or Phrases

P Preparation Mentally prepare for the interaction with the patient Review what information needs to be communicated.
and/or family. Plan how you will provide emotional support.
Rehearse key steps and phrases in the interaction.
S Setting of the Ensure the appropriate setting for a serious and Ensure patient, family, and appropriate social supports
interaction emotionally charged discussion. are present.
Devote sufficient time—do not squeeze in a
discussion.
Ensure privacy and prevent interruptions by people or
beeper.
Bring a box of tissues.
P Patient’s perception Begin the discussion by establishing the baseline and Start with open-ended questions to encourage

and preparation

I Invitation and
information needs

K Knowledge of the
condition

E Empathy and
exploration

S Summary and

strategic planning

whether the patient and family can grasp the
information.

Ease tension by having the patient and family
contribute.

Discover what information needs the patient and/or
family have and what limits they want regarding
the bad information.

Provide the bad news or other information to the
patient and/or family sensitively.

Identify the cause of the emotions—e.g., poor
prognosis.

Empathize with the patient and/or family’s feeling.

Explore by asking open-ended questions.

Delineate for the patient and the family the next
steps, including additional tests or interventions.

participation.
Possible phrases to use:

What do you understand about your illness?

When you first had symptom X, what did you think it
might be?

What did Dr. X tell you when he sent you here?

What do you think is going to happen?

Possible phrases to use:

If this condition turns out to be something serious,
do you want to know?

Would you like me to tell you the full details of your
condition? If not, then who would you like me to
talk to?

Do not just dump the information on the patient and
family.

Interrupt and check that the patient and family are
understanding.

Possible phrases to use:

1 feel badly to have to tell you this, but . . .

Unfortunately, the tests showed . . .

I'm afraid the news is not good . . .

Strong feelings in reaction to bad news are normal.

Acknowledge what the patient and family are feeling.

Remind them such feelings are normal, even if
frightening.

Give them time to respond.

Remind patient and family you won’t abandon them.

Possible phrases to use:

I imagine this is very hard for you.

You look very upset. Tell me how you are feeling.

I wish the news were different.

I'll do whatever I can to help you.

It is the unknown and uncertain that increase anxiety.

Recommend a schedule with goals and landmarks.
Provide your rationale for the patient and/or family to
accept (or reject).

If the patient and/or family are not ready to discuss the
next steps, schedule a follow-up visit.

Source: Adapted from Buckman.
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ease, to relief of a symptom, to delaying the course of an incurable
disease, to adapting to progressive disability without disrupting the
family, to finding peace of mind or personal meaning, to dying in a
manner that leaves loved ones with a positive “departure memory.”
Discernment of goals for care can be approached through a seven-step
protocol: (1) ensure that information is as complete as reasonably pos-
sible and understood by all relevant parties (see above); (2) explore
what the patient and/or family are hoping for while identifying relevant
and realistic goals; (3) share all the options with the patient and family;
(4) respond with empathy as they adjust to declining expectations; (5)
make a plan, emphasizing what can be done toward the realistic goals;
(6) follow through with the plan; and (7) review and revise this plan
periodically, considering at every encounter whether the goals of care
should be reviewed with the patient and/or family. If a patient or family
member has difficulty letting go of an unrealistic goal, suggest that,
while hoping for the best, it is still prudent to have a plan for other
outcomes as well.

Advance Care Planning B PRACTICES Advance care planning is a process
of planning for future medical care in case the patient becomes inca-
pable of making medical decisions. Ideally, such planning would occur
before a health care crisis or the terminal phase of an illness. Unfor-
tunately, diverse barriers prevent this. While 80% of Americans en-
dorse advance care planning and completing living wills, only 20%
have actually done so. Most patients expect physicians to initiate ad-
vance care planning and will wait for physicians to broach the subject.
Patients also wish to discuss advance care planning with their family.

Yet patients with unrealistic expectations are significantly more likely
to prefer aggressive treatments. Fewer than one-third of health care
providers have completed advance care planning for themselves.
Hence, a good first step is for health care providers to complete ad-
vance care planning for themselves. This makes providers aware of
the critical choices in the process and the issues that are especially
charged and allows them to tell their patients truthfully that they have
done this themselves.

Steps in effective advance care planning center on (1) introducing
the topic, (2) structuring a discussion, (3) reviewing plans that have
been discussed by the patient and family, (4) documenting the plans,
(5) updating them periodically, and (6) implementing the advance care
directive (Table 9-3). The main barriers to advance care planning are
problems in raising the topic and structuring a succinct discussion.
Raising the topic can be done efficiently as a routine matter that is
recommended for all patients, analogous to purchasing insurance or
estate planning. It can be reassuring and effective if the physician has
completed his or her own advance care directive.

Structuring a focused discussion is the central skill. Identify the
health care proxy and recommend his or her involvement in the ad-
vance care planning process. Select a worksheet, preferably one that
has been evaluated and demonstrated to produce reliable and valid
expressions of patient preferences, and orient the patient and proxy to
it. Such worksheets exist both for general and disease-specific situa-
tions. Discuss with the patient and proxy one scenario as an example
to demonstrate how to think about the issues. It is often helpful to
begin with a scenario in which the patient is likely to have settled
preferences, such as being in a persistent vegetative state. Once the

TABLE 9-3 Steps in Advance Care Planning

Step Goals to be Achieved and Measures to Cover

Useful Phrases or Points to Make

Introducing advance care
planning

Structured discussion of
scenarios and patient

Review the patient’s
preferences

Document the patient’s
preferences

Update the directive

Apply the directive

Ask the patient what he or she knows about advance care
planning and if he or she has already completed an
advanced care directive.

Indicate that you as a physician have completed advance
care planning.

Indicate that you try to perform advance care planning
with all patients regardless of prognosis.

Explain the goals of the process as empowering the
patient and ensuring you and the proxy understand the
patient’s preferences.

Provide the patient relevant literature including the
advance care directive that you prefer to use.

Recommend the patient identify a proxy decision-maker
who should attend the next meeting.

Affirm that the goal of the process is to follow the
patient’s wishes if the patient looses decision-making
capacity.

Elicit the patient’s overall goals related to health care.

Elicit the patient’s preferences for specific interventions
in a few salient and common scenarios.

Help the patient define the threshold for withdrawing and
withholding interventions.

Define the patient’s preference for the role of the proxy.

After the patient has made choices of interventions,
review them to ensure they are consistent and the proxy
is aware of them.

Formally complete the advance care directive and have
witness sign it.

Provide a copy for the patient and the proxy.

Insert a copy into the patient’s medical record.

Periodically, and with major changes in health status,
review with the patient the existing choice made and
make any modifications.

The directive goes into effect only when the patient
becomes unable to make medical decisions for him- or
herself.

Re-read the directive to be sure about its content.

Discuss your proposed actions based on the directive
with the proxy.

I'd like to talk with you about something I try to discuss
with all my patients. It's called advance care planning.
In fact, I feel that this is such an important topic that [
have done this myself. Are you familiar with advance
care planning or living wills?

Have you thought about the type of care you would want
if you ever became too sick to speak for yourself? That
is the purpose of advance care planning.

There is no change in health that we have not discussed.
I am bringing this up now because it is sensible for
everyone, no matter how well or ill, old or young.

Have many copies of advance care directives available,
including in the waiting room, for patients and families.

Use a structure worksheet with typical scenarios.

Begin the discussion with persistent vegetative state and
consider other scenarios, such as recovery from and
acute event with serious disability, asking the patient
about his or her preferences regarding specific
interventions, such as ventilators, nasogastric feedings,
and CPR proceeding to less-invasive interventions,
such as blood transfusions and antibiotics.

Note: CPR, cardiopulmonary resuscitation.



patient’s preferences for interventions in this scenario are determined,
suggest that the patient and proxy discuss and complete the worksheet
for the others. If appropriate, suggest they involve family members in
the discussion. On a return visit, go over the patient’s preferences,
checking and resolving any inconsistencies. After having the patient
and proxy sign the document, place it in the medical chart and be sure
that copies are provided to relevant family members and care sites.
Since patients’ preferences can change, these documents need to be
reviewed periodically or after an illness episode or personal experi-
ence.

TYPES OF DOCUMENTS ~ Advance care planning documents are of two broad
types. The first includes living wills or instructional directives; these
are advisory documents that describe the types of decisions that should
direct care. Some are more specific, delineating different scenarios and
interventions for the patient to choose from. Among these, some are
for general use and others are designed for use by patients with a
specific type of disease, such as cancer or HIV. Less specific directives
can be general statements of not wanting life-sustaining interventions
or forms that describe the values that should guide specific terminal
care decisions. Health care proxy designation directives appoint an
individual to make decisions. The choice is not either-or; a combined
directive that both directs care and designates a proxy is often utilized,
and the directive should clearly indicate whether the specified patient
preferences or the proxy’s choice should take precedence if they con-
flict.

A potentially misleading distinction relates to statutory as opposed
to advisory documents. Statutory documents are drafted to fulfill rel-
evant state laws. They tend to be written with the goal of protecting
the clinician from legal action if they follow the patient’s stated wishes.
Advisory documents are drafted to reflect the patient’s wishes. Both
are legal, the first under state law, and the latter under common or
constitutional law.

LEGAL ASPECTS — As of 2003, 47 states and the District of Columbia had
enacted living will legislation. Many states have their own statutory
forms. Massachusetts, Michigan, and New York do not have living
will laws. However, like all other states except Alaska, these states
have enacted durable power of attorney for health care laws that permit
patients to designate a proxy decision maker with authority to termi-
nate life-sustaining treatments. Only in Alaska does the law prohibit
proxies from terminating life-sustaining treatments.

The U.S. Supreme Court has ruled that patients have a constitu-
tional right to decide about refusing and terminating medical interven-
tions, including life-sustaining interventions, and that mentally
incompetent patients can exercise this right by providing “clear and
convincing evidence” of their preferences. Since advance care direc-
tives permit patients to provide such evidence, commentators agree
that they are constitutionally protected. Most commentators believe
that a state is required to honor any clear advance care directive. Many
states explicitly honor out-of-state directives. If a patient is not using
a statutory form, then a statutory form should be attached to the ad-
vance care directive being used.

INTERVENTIONS

PHYSICAL SYMPTOMS AND THEIR MANAGEMENT Great emphasis has been
placed on addressing dying patients’ pain. Some institutions have
made it a fifth vital sign. While good end-of-life care requires good
pain management, it also requires more. The frequency of symptoms
varies by disease and other factors. The most common physical and
psychological symptoms among all terminally ill patients include pain,
fatigue, insomnia, anorexia, dyspnea, depression, anxiety, and nausea
and vomiting. In the last days of life, terminal delirium is also com-
mon. Assessments of patients with advanced cancer have shown that
patients experienced an average of 11.5 different physical and psy-
chological symptoms (Table 9-4).

Evaluations to determine the etiology of these symptoms should
be limited to the history and physical examination. Only in rare cases
will radiologic or other diagnostic examinations provide sufficient ben-
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TABLE 9-4 Common Physical and Psychological Symptoms of Terminally
Il Patients

Physical Symptoms Psychological Symptoms

Pain Anxiety

Fatigue and weakness Depression
Dyspnea Hopelessness
Insomnia Meaninglessness
Dry mouth Irritability
Anorexia Impaired concentration
Nausea and vomiting Confusion
Constipation Delirium

Cough

Swelling of arms or legs

Itching

Diarrhea

Dysphagia

Dizziness

Loss of libido
Fecal and urinary incontinence
Numbness/tingling in hands/feet

efit in directing optimal palliative care to warrant the risks, discomfort,
and inconvenience to the seriously ill patient. Only a few of the com-
mon symptoms presenting difficult management issues will be ad-
dressed in this chapter. ®Management of other symptoms, such as
nausea and vomiting, insomnia, and diarrhea can be found in
Chaps. 34 and 66, Chap. 24, and Chap. 35, respectively.

Pain W FREQUENCY The frequency of pain among terminally ill patients
varies widely. The proportion of advanced cancer patients experienc-
ing substantial pain is reported to range from 36 to 90%. In the SUP-
PORT study of hospitalized patients with diverse conditions and an
estimated survival of =6 months, 22% reported moderate to severe
pain, and caregivers of these patients reported that 50% had similar
levels of pain during the last few days of life.

ETIOLOGY ~ Nociceptive pain is the result of direct mechanical or chem-
ical stimulation of nociceptors and normal neural signaling to the
brain. It tends to be localized, aching, throbbing, and cramping. The
classic example is bone metastases. Visceral pain is caused by noci-
ceptors in gastrointestinal, respiratory, and other organ systems. It is
a deep or colicky type of pain classically associated with pancreatitis,
myocardial infarction, or tumor invasion of viscera. Neuropathic pain
arises from disordered, ectopic nerve signals. It is burning or shocklike
pain. Classic cases are post-stroke pain and tumor invasion of the
brachial plexus. Well-recognized pain syndromes are associated with
peripheral neuropathy after chemotherapy or surgery.

ASSESSMENT ~ Pain is a subjective experience. Depending upon the pa-
tient’s circumstances, perspective, and physiologic condition, the same
insult can produce different levels of reported pain and need for pain
relief. Systematic assessment includes eliciting the following: (1) pe-
riodicity—continuous, with or without exacerbations, or incident; (2)
location; (3) intensity; (4) modifying factors; (5) effects of treatments;
(6) functional impact; and (7) impact on patient. Several validated pain
assessment measures may be used, such as the Visual Analogue Scale,
the Brief Pain Inventory, and the pain component of the Memorial
Symptom Assessment Scale. Frequent reassessments are essential to
assess the effects of interventions.

INTERVENTIONS  Interventions for pain must be tailored to each individ-
ual with the goal of preempting chronic pain and relieving break-
through pain. At the end of life, there is no reason to doubt the patient’s
report of pain. Pain medications are the cornerstone of management.
If these are failing and nonpharmacologic interventions—including
radiotherapy, anesthetic or neurosurgical procedures, such as periph-
eral nerve blocks or epidural morphine—are required, a pain consul-
tation is appropriate.

Pharmacologic interventions follow the World Health Organization
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three-step approach involving nonopioid analgesics, mild opioids, and
strong opioids, with or without adjuvants (Chap. 11). Nonopioid an-
algesics, especially nonsteroidal anti-inflammatory drugs, are the ini-
tial treatments for mild pain. They work primarily by inhibiting
peripheral prostaglandins, reducing inflammation, but may also have
central nervous system (CNS) effects. They have a ceiling effect. Ibu-
profen, up to 1600 mg/d, has a minimal risk of bleeding and renal
impairment and is a good initial choice.

If nonopioid analgesics are insufficient, then opioids should be in-
troduced. They work by interacting with mu opioid receptors in the
CNS to activate pain-inhibitory neurons; most are receptor antagonists.
The mixed agonist/antagonist opioids useful for post-acute pain should
not be used for the chronic pain in end-of-life care. Weak opioids,
such as codeine, should be used initially. However, if the weak opioids
are escalated and also fail to relieve pain sufficiently, then strong
opioids, such as morphine 5 to 10 mg every 4 h, should be used.
Nonopioid analgesics should be combined with opioids because they
potentiate the effect of opioids.

For continuous pain, the opioids should be administered on a reg-
ular, around-the-clock basis consistent with their duration of analgesia.
They should not be provided only when the patient experiences pain;
the goal is to prevent patients from experiencing pain. Patients should
also be provided rescue medication, such as liquid morphine, for
breakthrough pain and should be instructed to take one-half of the
standing opioid dose. Patients should be informed that using the rescue
medication does not obviate their taking the next standard dose of pain
medication. If after 24 h the patient’s pain remains uncontrolled and
recurs before the next dose, requiring the patient to utilize the rescue
medication, increase the daily opioid dose by the total dose of rescue
medications used by the patient, or by 50% for moderate pain and
100% for severe pain of the standing opioid daily dose.

It is inappropriate to start with extended-release preparations. Once
pain relief is obtained, then switch to extended-release preparations.
Even with a stable extended-release preparation regimen, the patient
may have incident pain, such as pain during dressing changes. Short-
acting preparations should be used to cover such predictable episodes.

Because of differences in opioid receptors, cross-tolerance among
opioids is incomplete and patients may experience different side ef-
fects with different opioids. Therefore, if a patient is not experiencing
pain relief or is experiencing too many side effects, change to another
opioid preparation. When switching, begin with =50% of the pub-
lished equianalgesic dose of the new opioid. (Starting at 25% of the
equianalgesic dose is inadequate for terminally ill patients.) Opioids
have no ceiling effect; therefore, there is no maximum dose no matter
how many milligrams the patient is receiving. The appropriate dose is
the dose needed to achieve pain relief. Addiction or excessive respi-
ratory depression is extremely unlikely in the terminally ill; fear of
these side effects should neither prevent escalating opioid medications
when the patient is experiencing insufficient pain relief nor justify
using opioid antagonists, such as naloxone.

Opioid side effects should be anticipated and treated preemptively.
Nearly all patients experience constipation that can be quite debilitat-
ing (see below). Failure to prevent constipation often results in non-
compliance with narcotic therapy. About a third of patients experience
nausea and vomiting, but tolerance develops, usually within a week.
Therefore, when beginning opioids, an antiemetic, such as metoclo-
pramide or a serotonin antagonist, should be prescribed prophylacti-
cally and stopped after 1 week. Drowsiness, a common side effect of
opioids, also abates within a week. During this period, drowsiness can
be treated with psychostimulants, such as dextroamphetamine or meth-
ylphenidate. Anecdotal reports suggest that donepezil may also be
helpful for opiate-induced drowsiness. Metabolites of morphine and
most opioids are cleared renally; doses may need to be adjusted for
renal failure.

Patients and families may withhold the prescribed opioids for fear
of addiction or dependence. Physicians and health care providers must

reassure patients and families that the patient will not become addicted
or dependent upon the opioids if used as prescribed for pain relief; this
fear should not prevent the patient from taking the medications around
the clock.

Seriously ill patients with chronic pain relief rarely if ever become
addicted. Suspicion of addiction should not be a reason to withhold
pain medications from terminally ill patients. However, diversion of
drugs for use by other family members or illicit sale may occur. If this
occurs, it should be managed in a way that does not inflict unnecessary
pain on the dying patient. Contract writing with the patient and family
can help. If that fails, transfer to a safe facility may be necessary.

Tolerance is the need for increasing medication dosage for the same
pain relief without a change in disease. In the case of patients with
advanced disease, the need for increasing opioid dosage for pain relief
is usually caused by disease progression rather than tolerance. Physical
dependence is indicated by symptoms from the abrupt withdrawal of
opioids and should not be confused with addiction.

Adjuvant analgesic medications are nonopioids that potentiate the
analgesic effects of opioids. In the management of neuropathic pain,
tricyclic antidepressants, such as desipramine, which has fewer side
effects than other tricyclic antidepressants, can begin to work in a few
days at doses of 10 to 25 mg before bedtime. Similarly, anticonvul-
sants, especially gabapentin (begun at 100 mg tid and titrated up by
100 mg tid until relief, with usual doses between 300 mg and 1200
mg tid) or carbamazepine, have shown effectiveness in relief of neu-
ropathic pain. Glucocorticoids, preferably dexamethasone provided
once a day, can be useful in reducing inflammation that causes pain
while elevating mood, energy, and appetite. Other drugs, including
clonidine and baclofen, can be effective in pain relief. These drugs are
adjuvants and should all be used in conjunction with—not instead
of—opioids. Methadone, carefully dosed, has activity at the N-methyl
D-aspartamate (NMDA) receptor and is useful for complex pain syn-
dromes and neuropathic pain.

Radiation therapy can treat bone pain from single metastatic le-
sions. Bone pain from multiple metastases can be amenable to radi-
opharmaceuticals, such as strontium 89 and samarium 153.
Pamidronate (90 mg every 4 weeks) and calcitonin (200 IU intranas-
ally once or twice a day) can also provide relief from bone pain.

Constipation M FREQUENCY Constipation is reported in up to 90% of ter-
minally ill patients.

ETIOL0GY  While hypercalcemia and other factors can cause constipa-
tion, it is a predictable consequence of the use of opioids for the relief
of pain and dyspnea and of tricyclic antidepressants, from their anti-
cholinergic effects, as well as of the inactivity and poor diet that are
common among seriously ill patients. If untreated, constipation can
cause substantial pain, vomiting, impaction, and mental confusion.
Whenever opioids, tricyclic antidepressants, and other medications
known to cause constipation are used, preemptive cathartic treatment
should be instituted.

ASSESSMENT - Establish the patient’s previous bowel habits, including
the frequency, consistency, and volume. Abdominal and rectal ex-
aminations should be performed to exclude impaction or acute abdo-
men. Radiographic assessments beyond a simple flat plate of the
abdomen are rarely necessary except when obstruction cannot be de-
finitively excluded.

INTERVENTION ~ While physical activity, adequate hydration, and dietary
treatments with fiber and roughage can be helpful, each is limited in
its effectiveness for most seriously ill patients, and roughage may ex-
acerbate problems if impaired motility is the etiology. Fiber is contra-
indicated in the presence of opioid use. Stimulant and osmotic
laxatives, stool softeners, fluids, and enemas are the mainstay of ther-
apy (Table 9-5). When preventing constipation from opioids and other
medications, a combination of a laxative and stool softener should be
utilized. If after several days of treatment a bowel movement has not
occurred, a rectal examination to remove impacted stool and to place



a suppository is necessary. For

TABLE 9-5 Medications for the Management of Constipation

patients with impending bowel -
Intervention

Dose Comment

obstruction or gastric stasis, oc-
treotide to reduce secretions can
be helpful.

Stimulant laxatives
Prune juice
Senna (Senokot)

Dyspnea W FREQUENCY Dyspnea is Bisacodyl

a subjective experience of being Osmotic laxatives

short of breath. Nearly 75% of Lactulose _
dying patients experience dysp- Magnesium hydroxide
yme P P YSP (Milk of Magnesia)

nea. Dyspnea is among the most
distressing of physical symp-
toms, even more distressing than
pain.

Magnesium citrate

Stool softeners
Sodium docusate (Colace)
Calcium docusate

120-240 mL/d
2—4 tablets PO per day
5-15 mg/d PO, PR

15-30 mL PO q4—8h
15-30 mL/d PO

125-250 mL/d PO

300-600 mg/d PO
300-600 mg/d PO

These agents directly stimulate peristalsis and may
reduce colonic absorption of water.
Work in 6 to 12 h.

These agents are not absorbed. They attract and
retain water in the gastrointestinal tract.

Lactulose may cause flatulence and bloating.

Lactulose works in 1 day;

Magnesium products in 6 h.

These agents work by increasing water secretion
and as detergents increasing water penetration in
to the stool.

Work in 1 to 3 days.

ASSESSMENT ~ As with pain, dyp-
snea is a subjective experience
that may not correlate with objective measures of Py, Pc,, or respi-
ratory rate. Consequently, measurements, much less repeated mea-
surements, of oxygen saturation through pulse oximetry or blood gases
are rarely helpful. Reversible or treatable causes of dyspnea include
infection, pleural effusions, pulmonary emboli, or lung tumor en-
croachment on the airway. However, the risk-benefit ratio of the di-
agnostic and therapeutic interventions for patients with little time left
to live must be carefully considered before undertaking diagnostic
steps. Frequently, secondary etiologies cannot be identified, and dysp-
nea is the consequence of progression of the underlying disease that
cannot be treated. The anxiety caused by dyspnea and the choking
sensation can significantly exacerbate the underlying dyspnea in a neg-
ative reinforcing cycle.

INTERVENTIONS ~ When reversible or treatable etiologies are diagnosed,
they should be treated as long as the side effects of treatment, such as
repeated drainage of effusions or anticoagulants, are less bothersome
than the dyspnea itself. Usually, treatment will be symptomatic (Table
9-6). Low-dose opioids reduce the sensitivity of the central respiratory
center and the sensation of dyspnea. If patients are not receiving
opioids, weak opioids can be initiated; if patients are already receiving
opioids, then morphine should be used. Benzodiazepines are helpful
if anxiety is present. If the patient has a history of COPD, broncho-
dilators may also be helpful, as may glucocorticoids. Secretions can
be dried with scopolamine. Oxygen can be used, although it may only
be an expensive placebo. Medical staff should sit the patient upright,
remove smoke or other irritants such as perfume, ensure a supply of
fresh air with sufficient humidity, and minimize other factors that can
increase anxiety.

Fatigue W FREQUENCY Fatigue and weakness are the most common
symptoms of terminally ill patients. More than 90% of the terminally
ill experience fatigue and/or weakness. Fatigue is frequently cited as
among the most distressing of symptoms.

ETI0OL0GY  The multiple causes of

reports of fatigue in patients receiving cranial radiation, experiencing
depression, or with chronic pain in the absence of cachexia or other
physiologic changes. Finally, depression and other causes of psycho-
logical distress can contribute to fatigue.

ASSESSMENT ~ Fatigue is subjective; objective changes, even in body
weight, may be absent. Consequently, assessment must rely on patient
self-reporting. Scales used to measure fatigue, such as the Edmonton
Functional Assessment Tool, the Fatigue Self-Report scales, or the
Rhoten Fatigue scale, are usually appropriate for research rather than
clinical purposes. In clinical practice, a simple performance assess-
ment such as the Karnofsky Performance Status or the Eastern Co-
operative Oncology Group’s question “How much of the day does the
patient spend in bed?” may be the best measure. In this O to 4 per-
formance status assessment, a 0 = normal activity, 1 = symptomatic
without being bedridden, 2 = requiring some, but <50%, bed time, 3
= bedbound more than half the day, and 4 = bedbound all the time.
Such a scale allows for assessment over time and by third parties.

INTERVENTION At the end of life, fatigue will not be “cured.” The goal
is the ameliorate it and adjust expectations. Behavioral interventions
should be utilized to avoid blaming the patient for inactivity, and to
educate both the family and patient that the underlying disease causes
physiologic changes producing low energy levels. Understanding that
the problem is physiologic not psychological can help to alter expec-
tations regarding the patient’s level of physical activity. Practically,
this may mean reducing routine activities, such as housework and
cooking, or social events outside the house, and making it acceptable
to receive guests lying on a couch. At the same time, institution of
exercise regimens that are possible can raise endorphins, reduce mus-
cle wasting, and reduce the risk of depression. In addition, ensuring
good hydration without worsening edema may help reduce fatigue.
Discontinuing medications that worsen fatigue, such as cardiac med-
ications or even opioids, if pain is well controlled, may help.

fatigue in the terminally ill can be

TABLE 9-6 Medications for the Management of Dyspnea

categorized as resulting from the Intervention Dose Comments
underlying disease; from disease- - ] ] ]
. Weak opioids For patients with mild dyspnea
induced factors, such as tumor : . . o .

. Codeine (or codeine with 30 mg PO g4h For opioid-naive patient
necrosis factor and other cyto- 325 mg acetaminophen)
kines; and from secondary factors Hydrocodone 5 mg PO g4h
such as cachexia, dehydration, Strong opioids For opioid-naive patients with
anemia, infection, hypothyroid- Morphine 5-10 mg PO g4h moderate to severe dyspnea
ism, and drug side effects. Apart 30-50% of baseline opioid dose q4h For patients already taking opioids for
from low caloric intake, loss of PR 677 QST Sy 0

. Oxycodone 5-10 mg PO g4h
muscle mass and changes 1p mus- Hydromorphone 1-2 mg PO g4h
cle enzymes may play an impor- Anxiolytics Give a dose every hour until the
tant role in fatigue of terminal Lorazepam 0.5-2.0 mg PO/SL/IV gh then g4—6h patient is relaxed, then provide a
illness. The importance of _ dose for maintenance
changes in the CNS, especially Diazepam 5-10 mg PO or IV gh then q6—18h
the reticular activating system Clonazepam 0.25-2.0 mg PO q12h
g sy ’ Midazolam 0.5 mg IV q15min

have been hypothesized based on
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Only a few pharmacologic interventions target fatigue and weak-
ness. Glucocorticoids can increase energy and enhance mood. Dexa-
methasone is preferred for its once-a-day dosing and minimal
mineralocorticoid activity. However, use for >1 month tends to di-
minish the positive effects. Psychostimulants, such as dextroamphet-
amine (5 to 10 mg orally) and methylphenidate (2.5 to 5 mg orally),
can also enhance energy levels. Dosages should be given in the morn-
ing and at noon, otherwise they can cause counterproductive insomnia.
Modafinil, developed for narcolepsy, has shown some promise in the
treatment of fatigue. Its precise role in the fatigue at the end of life is
yet to be determined.

MENTAL SYMPTOMS AND THEIR MANAGEMENT M Depression M FREQUENCY
Depression at the end of life presents an apparently paradoxical situ-
ation. Many people believe that depression is normal among seriously
ill patients because they are dying. People frequently say “wouldn’t
you be depressed?” Depression is not a necessary part of terminal
illness and constitutes needless suffering. While sadness, anxiety, an-
ger, and irritability are normal responses to a serious condition, they
are typically of modest intensity and transient. Persistent sadness and
anxiety are abnormal and suggestive of major depression. While as
many as 75% of terminally ill patients experience depressive symp-
toms, <25% of terminally ill patients have major depression.

ETIOLOGY  Previous history of depression, family history of depression
or manic-depression, and prior suicide attempts are associated with
increased risk for depression among terminally ill patients. Other
symptoms, such as pain and fatigue, are associated with higher rates
of depression; uncontrolled pain can exacerbate depression, and de-
pression can cause patients to be more distressed by pain. Many med-
ications used in the terminal stages, including glucocorticoids, and
some anticancer agents, such as tamoxifen, interleukin 2, interferon «,
and vincristine, are also associated with depression. Some terminal
conditions, such as pancreatic cancer and certain strokes, have been
reported to be associated with higher rates of depression, although this
is controversial. Finally, depression may be attributable to grief over
the loss of a role or function, social isolation, or loneliness.

ASSESSMENT ~ Diagnosing depression among patients at the end of life
is complicated because many of the vegetative symptoms contained
in the DSM 1V criteria—insomnia, anorexia and weight loss, fatigue,
decreased libido, and difficulty concentrating— are associated with the
dying process itself. The assessment of depression in seriously ill pa-
tients must focus on the dysphoric mood, helplessness, hopelessness,
and lack of interest and enjoyment. The single questions “how often
do you feel downhearted and blue?”” (more than a good bit of the time
or similar responses) or “do you feel depressed most of the time?” are
appropriate for screening.

Certain conditions may be confused with depression. Endocrinop-
athies, such as hypothyroidism or Cushing’s syndrome, electrolyte ab-
normalities such as hypercalcemia, and akathisia, especially from
dopamine blocking antiemetics such as metoclopramide and prochlor-
perazine, can mimic depression and should be excluded.

INTERVENTIONS ~ Physicians must treat any physical symptom, such as
pain, that may be causing or exacerbating depression. Nonpharmaco-
logic interventions, including group or individual psychological coun-
seling, and behavioral therapies, such as relaxation or imagery, can be
helpful, especially in combination with drug therapy.

Pharmacologic interventions remain the core of therapy. The same
medications are used to treat depression in terminally ill as in non-
terminally ill patients. Psychostimulants may be preferred for patients
with a poor prognosis or for those with fatigue or opioid-induced som-
nolence. Psychostimulants are comparatively fast acting, working
within a few days. Dextroamphetamine or methylphenidate should be
started at 2.5 to 5.0 mg in the morning and at noon, the same starting
dosages used for treating fatigue. The dose can be escalated up to
15 mg twice a day; higher doses are only rarely necessary. Pemoline

is a nonamphetamine psychostimulant with minimal abuse potential.
It is also effective as an antidepressant beginning at 18.75 mg in the
morning and at noon. Because it can be absorbed through the buccal
mucosa, it is preferred for patients with intestinal obstruction or dys-
phagia. If used for prolonged periods, liver function must be moni-
tored. The psychostimulants can also be combined with more
traditional antidepressants, while waiting for the latter to become ef-
fective, and then tapered after a few weeks if necessary. Psychosti-
mulants have side effects, particularly initial anxiety, insomnia, and
rarely paranoia, which may necessitate lowering the dose or discon-
tinuing treatment. A newer, promising agent is mirtazepine starting at
7.5 mg before bed. It is sedating and has antiemetic and anxiolytic
properties with few drug interactions. Its side effect of weight gain
may also be beneficial for seriously ill patients, and it is available in
orally disintegrating tablets.

For patients with a prognosis of several months or longer, selective
serotonin reuptake inhibitors, including fluoxetine, sertraline, and ci-
talopram, and serotonin-noradrenaline reuptake inhibitors, such as
venlafaxine, are the preferred treatment because of their efficacy and
comparatively few side effects. Because low doses of these medica-
tions may be effective for seriously ill patients, use half the usual
starting dose for healthy adults. The starting dose for fluoxetine is
10 mg once a day. In most cases, once-a-day dosing is possible.

Atypical antidepressants are recommended only in selected circum-
stances, usually with the assistance of a specialty consultation. Tra-
zadone can be an effective antidepressant but is sedating and can cause
orthostatic hypotension and priapism. Therefore, it should be used only
when a sedating effect is desired. In addition to its antidepressant ef-
fects, bupropion is energizing, making it useful for depressed patients
suffering from fatigue. However, it can cause seizures, preventing its
use for patients with a risk of CNS neoplasms or terminal delirium.
Finally, alprazolam, a benzodiazepine, starting at 0.25 to 1.0 mg three
times a day, can be effective in seriously ill patients suffering from a
combination of anxiety and depression. While it is potent and works
quickly, it has many drug interactions and may cause delirium, espe-
cially among very ill patients, because of its strong binding to the
benzodiazepine-GABA receptor complex.

Unless used as adjuvants for the treatment of pain, tricyclic anti-
depressants are not recommended. Similarly the monoamine oxidase
inhibitors are not recommended because of their side effects and dan-
gerous drug interactions.

Delirium B FREQUENCY In the weeks or months before death, delirium
is uncommon, although it may be significantly underdiagnosed. How-
ever, delirium becomes relatively common in the hours and days im-
mediately before death. As many as 85% of patients in the active stages
of dying from cancer may experience terminal delirium.

ETI0L0GY  Delirium is a global cerebral dysfunction characterized by
alterations in cognition and consciousness. It is frequently preceded
by anxiety, changes in sleep patterns (especially reversal of day and
night), and decreased attention. In contrast to dementia, delirium has
an acute onset and is reversible, although reversibility may be more
theoretical than real for patients near death. It is possible to have de-
lirium in a patient with dementia.

Causes of delirium include metabolic encephalopathy arising from
liver failure, hypoxemia, or sepsis; electrolyte imbalances such as hy-
percalcemia; nutritional deficiencies such as vitamin B, deficiency;
paraneoplastic syndromes; and primary brain tumors or brain metas-
tases. Commonly, among dying patients, delirium can be caused by
side effects of treatments, including radiation for brain metastases, and
medications, including opioids, glucocorticoids, anticholinergic drugs,
antihistamines, antiemetics, and many chemotherapeutic agents. In
many terminally ill patients, the etiology will be multifactorial; e.g.,
dehydration may exacerbate opioid-induced delirium.

ASSESSMENT -~ Delirium should be recognized in any terminally ill patient
with new onset of disorientation, impaired cognition, somnolence,
fluctuating levels of consciousness, or delusions, with or without ag-
itation. Delirium must be distinguished from acute anxiety and de-



pression, as well as dementia. In some cases, use of formal assessment
tools such as the Mini-Mental Status Examination (which does not
distinguish delirium from dementia) or the Delirium Rating Scale
(which does distinguish delirium from dementia) may be helpful in
distinguishing delirium from other processes. The patient’s list of med-
ications must be carefully evaluated. Nonetheless, a reversible etio-
logic factor for delirium is found in fewer than half of terminally ill
patients. Because most terminally ill patients experiencing delirium
will be very close to death and may be at home, extensive diagnostic
evaluations, such as lumbar punctures or neuroradiologic examina-
tions, are usually inappropriate.

INTERVENTIONS ~ One of the most important objectives of terminal care is
to provide terminally ill patients the lucidity to say goodbye to the
people they love. Delirium, especially with agitation during the final
days, is distressing to family and caregivers. A strong determinant of
bereavement difficulties is witnessing a difficult death. Thus, terminal
delirium should be treated aggressively.

At the first sign of delirium, such as day-night reversal with slight
changes in mentation, let the family know that it is time to be sure
that everything they want to have said has been said. The family should
be informed that delirium is common just before death.

If medications such as opioids are suspected of being a cause of
the delirium, then unnecessary agents should be discontinued. Other
reversible causes such as constipation, urinary retention, and metabolic
abnormalities should be treated. Supportive measures aimed at pro-
viding a familiar environment should be instituted, including restrict-
ing visits only to individuals with whom the patient is familiar and
eliminating new experiences; orienting the patient, if possible, by pro-
viding a clock and calendar; and gently correcting the patient’s hal-
lucinations or cognitive mistakes.

Pharmacologic management focuses on the use of neuroleptics and,
in the extreme, anesthetics (Table 9-7). Haloperidol remains first-line
therapy. Usually, patients can be controlled with a low dose (1 to 3
mg/d), although some may require as much as 20 mg/d. It can be
administered orally, subcutaneously, or intravenously. Intramuscular
injections should not be used, except when it is the only way to get a
patient under control. Chlorpromazine (10 to 25 mg every 4 to 6 h)
can be useful if sedation is desired. Dystonic reactions resulting from
dopamine blockade are a side effect of neuroleptics, although they are
reported to be rare when used to treat terminal delirium. The new
atypical neuroleptics—risperidone and olanzapine—have also been
used successfully and are especially helpful for patients with longer
anticipated life spans since they are less likely to cause dysphoria and
have a lower risk of dystonic reactions. If patients develop dystonic
reactions, benztropine should be administered. Neuroleptics may be
combined with lorazepam to reduce agitation when the delirium is the
result of alcohol or sedative withdrawal.

If no response to first-line therapy is seen, a specialty consultation
should be obtained with a change to a different medication. If patients
fail to improve after a second neuroleptic, then sedation with an an-
esthetic such as propofol or continuous-infusion midazolam may be

TABLE 9-7 Medications for the Management of Delirium

Interventions Dose
Neuroleptics
Haloperidol 0.5-5 mg q2—12h, PO/IV/SC/IM
Thioridazine 10-75 mg q4-8h, PO
Chlorpromazine 12.5-50 mg g4—12h, PO/IV/IM
Molindone 10-50 mg q8—12h, PO
Atypical neuroleptics
Olanzapine 2.5-5 mg qd, PO
Risperidone 1-3 mg ql2h, PO
Anxiolytics
Lorazepam 0.5-2 mg ql—4h, PO/IV/IM
Midazolam 1-5 mg/h continuous infusion, IV/SC
Anesthetics
Propofol 0.3—2.0 mg/h continuous infusion, IV
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necessary. By some estimates, at the very end of life as many as 25%
of patients experiencing delirium, especially restless delirium with my-
oclonus or convulsions, may require sedation.

Physical restraints should be used with great reluctance only when
the patient’s violence is threatening to self or others. If used, their
appropriateness should be reevaluated frequently.

SOCIAL NEEDS AND THEIR MANAGEMENT M Financial Burdens B FREQUENCY
Dying can impose substantial economic strains on patients and fami-
lies, causing distress. In the United States, with one of the least com-
prehensive health insurance systems among the developed countries,
about 20% of terminally ill patients and their families spend >10% of
family income on health care costs over and above health insurance
premiums. Between 10 and 30% of families sell assets, use savings,
or take out a mortgage to pay for the patient’s health care costs. Nearly
40% of terminally ill patients in the United States report that the cost
of their illness is a moderate or great economic hardship for their
family.

The patient is likely to reduce and stop working. In 20% of cases,
a family member of the terminally ill patient stops working to provide
care. The major underlying causes of economic burden are related to
poor physical functioning and care needs, such as the need for house-
keeping, nursing, and personal care. More debilitated patients and poor
patients experience greater economic burdens.

INTERVENTION ~ The economic burden should not be ignored as a private
matter. It has been associated with a number of adverse health out-
comes, including preferring comfort care over life-prolonging care as
well as consideration of euthanasia or physician-assisted suicide. Eco-
nomic burdens tend to increase the psychological distress of families
and caregivers of terminally ill patients. Assistance from a social
worker, early on if possible, to ensure access to all available benefits
may be helpful. Many people and health care providers are unaware
of options for long-term care insurance, respite care, the Family Med-
ical Leave Act, and other sources of assistance.

Relationships M FREQUENCY  Settling personal issues and closing the nar-
rative of lived relationships are universal needs. When asked if sudden
death or death after an illness is preferable, respondents often initially
select the former but soon change to the latter as they reflect on the
importance of saying goodbye. Bereaved family members who have
not had the chance to say goodbye often have a more difficult grief
process.

INTERVENTION ~ Care of seriously ill patients requires efforts to facilitate
the types of encounters and time spent with family and friends that are
necessary to meet these needs. Family and close friends may need to
be accommodated with unrestricted visiting hours, which perhaps may
include sleeping near the patient even in otherwise regimented insti-
tutional settings. Physicians and health care providers may facilitate
and resolve strained interactions between the patient and other family
members. Assistance for patients and family members who are unsure
about how to create or help preserve memories, whether by providing
raw materials such as a scrap book or memory box or by offering them
suggestions and informational resources, can be deeply appreciated.
Taking photographs and creating videos can be especially helpful to
terminally ill patients who have younger children or grandchildren.

Family Caregivers M FREQUENCY Caring for seriously ill patients places a
heavy burden on families. Families are frequently required to provide
transportation and homemaking as well as other services. Typically,
paid professionals such as home health nurses and hospice workers
supplement family care; only about a quarter of all care giving is
exclusively paid professional assistance. The trend toward more out-
of-hospital deaths will increase reliance on families for end-of-life
care.

Three-quarters of the caregivers of terminally ill patients are
women— wives, daughters, and even sisters. Since many are widowed,
women themselves tend to be able to rely less on family for care-



62 Part | Introduction to Clinical Medicine

giving assistance and may need more paid assistance. About 20% of
terminally ill patients report substantial unmet needs for nursing and
personal care.

INTERVENTION It is imperative to inquire about unmet needs and to try
to ensure those needs are met either through the family or paid pro-
fessional services when possible. Community assistance through
houses of worship or other community groups can often be mobilized
by one or two phone calls from the medical team to someone the
patient or family identifies.

EXISTENTIAL NEEDS AND THEIR MANAGEMENT M FREQUENCY Religion and
spirituality are often important to dying patients. Nearly 70% of pa-
tients report becoming more religious or spiritual when they became
terminally ill, and many find comfort in various religious or spiritual
practices such as prayer. However, ~20% of terminally ill patients
become less religious, frequently feeling somehow cheated or betrayed
by becoming terminally ill. For other patients, the need is for existen-
tial meaning and purpose that is distinct from and maybe even anti-
thetical to religion or spirituality.

ASSESSMENT ~ Health care providers are often hesitant about involving
themselves in the religious, spiritual, and existential experiences of
their patients, because it may seem private, related to alternative life-
styles, or “soft.” But physicians and other members of the interdisci-
plinary team should be able to at least detect spiritual and existential
needs. Screening questions have been developed for a physician’s spir-
itual history taking. Spiritual distress can amplify other types of suf-
fering and even masquerade as intractable physical pain, anxiety, or
depression, for instance. The screening questions in the whole-person
assessment are usually sufficient. Deeper evaluation and intervention
are rarely appropriate for the physician unless no other member of an
interdisciplinary team is available or suitable. Pastoral care providers
may be helpful, whether from the medical institution or the patient’s
community.

INTERVENTION ~ Precisely how religious practices, spirituality, and exis-
tential explorations can be facilitated and improve end-of-life care is
not well established. In one study, only 36% of respondents indicated
that a clergy member would be comforting. Nevertheless, this increase
in religious and spiritual interest among a substantial fraction of dying
patients suggests inquiring of individual patients how this need can be
addressed.

MANAGING THE LAST STAGES

WITHDRAWING AND WITHHOLDING LIFE-SUSTAINING TREATMENT M LEGAL
ASPECTS  For centuries, it has been deemed ethical to withhold or with-
draw life-sustaining interventions. The current legal consensus is that
patients have a constitutional and common law right to refuse medical
interventions (Table 9-8). Courts have held that incompetent patients
have a right to refuse medical interventions. For patients who are in-
competent and terminally ill and who have not completed an advance
care directive, next of kin can exercise this right, although this may
be restricted in some states depending how clear and convincing the
evidence is of the patient’s preferences. Courts are limiting families’
ability to terminate life-sustaining treatments from patients who are
conscious, incompetent, but not terminally ill. In theory, patients’ right
to refuse medical therapy can be limited by four countervailing inter-
ests: (1) preservation of life, (2) prevention of suicide, (3) protection
of third parties such as children, and (4) preserving the integrity of the
medical profession. In practice, these interests almost never override
the right of competent patients and incompetent patients who have left
explicit and advance care directives.

Regarding incompetent patients who either appointed a proxy with-
out specific indications of their wishes or who never completed an
advance care directive, three criteria have been suggested to guide the
decision to terminate medical interventions. Some commentators sug-
gest that ordinary care should be administered but extraordinary care

could be terminated. Because the ordinary/extraordinary distinction is
too vague, courts and commentators widely agree that it should not be
used to justify decisions about stopping treatment. Many courts have
advocated use of the substituted-judgment criterion, which holds that
the proxy decision-makers should try to imagine what the incompetent
patient would do if he or she were competent. However, most proxies,
even close family members, cannot accurately predict what the patient
would have wanted. Therefore, substituted judgment becomes more of
a guessing game than a way of fulfilling the patient’s wishes. Finally,
the best-interests criterion holds that proxies should evaluate treat-
ments by balancing their benefits and risks and select those treatments
in which the benefits maximally outweigh the burdens of treatment.
Yet, as many family conflicts reveal, different individuals can have
very different views of what is in the patient’s best interests. Indeed,
this criterion has been criticized because no objective way exists of
determining the balance between benefits and burdens; it depends on
a patient’s personal values. As a matter of practice, physicians rely on
family members to make decisions that they feel are best and object
only if these decisions seem to demand treatments that the physicians
consider not beneficial.

PRACTICES ~ Withholding and withdrawing acutely life-sustaining medical
interventions from terminally ill patients are now standard practice.
More than 90% of American patients die without cardiopulmonary
resuscitation (CPR), and just as many forgo other potentially life-sus-
taining interventions. For instance, during 1987 to 1988 in ICUs, CPR
was performed 49% of the time, but only 10% of the time in 1992 to
1993. On average, 3.8 interventions, such as vasopressors and trans-
fusions, were stopped from each dying ICU patient.

Mechanical ventilation may be the most challenging intervention
to withdraw. The two approaches are terminal extubation, which is the
removal of the endotracheal tube, and terminal wean, which is the
gradual reduction of the FI,, or ventilator rate. One-third of ICU phy-
sicians prefer to use the terminal wean technique, while 13% extubate;
the majority of physicians utilize both techniques. Some recommend
the terminal wean because patients do not develop upper airway ob-
struction and the distress caused by secretions or stridor; however,
terminal weaning can prolong the dying process. To ensure comfort
for conscious or semiconscious patients before withdrawal of the ven-
tilator, neuromuscular blocking agents should be terminated and sed-
atives and analgesics administered. Removing the neuromuscular
blocking agents permits patients to show discomfort, facilitating the
titration of sedatives and analgesics; it also permits interactions be-
tween patients and their families. A common practice is to inject a
bolus of midazolam (2 to 4 mg) before withdrawal followed by 5 to
10 mg of morphine and continuous infusion of morphine (50% of the
bolus dose per hour) during weaning. Additional boluses of morphine
or increases in the infusion rate should be administered for any distress.
Higher doses will be needed for patients already receiving anxiolytics
and opioids. Families need to be warned that up to 10% of patients
unexpectedly survive for 1 day or more after mechanical ventilation
is stopped.

FUTILE CARE  Beginning in late 1980s, some commentators argued that
physicians could terminate futile treatments demanded by families of
terminally ill patients. No objective definition or standard of futility
exists. Physiologic futility means that an intervention will have no
physiologic effect. Some have defined qualitative futile treatments as
those that “fail to end a patient’s total dependence on intensive medical
care.” Quantitative futility occurs “when physicians conclude (either
through personal experience, experiences shared with colleagues, or
consideration of reported empiric data) that in the last 100 cases, a
medical treatment has been useless.” The term conceals subjective
value judgments about when a treatment is “not beneficial.” Deciding
whether a treatment that obtains an additional 6 weeks of life or a 1%
survival advantage confers benefit depends upon patients’ preferences
and goals. Furthermore, physicians’ predictions of when treatments
were futile deviated markedly from the quantitative definition. When
residents thought CPR was quantitatively futile, more than one in five



TABLE 9-8 Major Legal Cases Regarding the Withholding or Withdrawing of Medical Interventions

Case and Citation Year  State Facts Decision

In re Quinlan 1976 NJ  2l-year-old woman in a persistent vegetative state The right to privacy includes a right to refuse

70 N.J. 10 dependent on a respirator, artificial nutrition, and medical care and extends to incompetent patients.

hydration. Patient’s guardian can withdraw her respirator. No
need for judicial review in most cases.

Superintendent of 1977 MA  67-year-old retarded man with a mental age of 2 All persons including incompetent persons have the
Belchertown v Saikewicz years 8 months who had always lived in a state right to refuse medical treatment. Using substituted

373 Mass 728 institution develops acute myelomonocytic judgment, the court determined that the patient

leukemia. Does he have to receive chemotherapy? would not want chemotherapy.

In re Eichner (Brother Fox) 1981 NY 83-year-old priest was in a persistent vegetative state  Patients have the right to determine the course of

52 NY 2d 262 after a cardiac arrest. Prior to the event, he had their own medical care. Patient’s wishes were

publicly stated that he would not want to be known, even if not expressed in writing.
respirator-dependent if he were vegetative. Respirator should be withdrawn.

In re Conroy 1985 NIJ 84-year-old bedridden, totally impaired woman with ~ Nasogastric tube feedings are medical interventions

98 N.J. 321 organic brain syndrome fed by a nasogastric tube. that can be withdrawn.

Her nephew requests removal of the tube.

Brophy v New England Sinai 1986 MA  49-year-old man in persistent vegetative state after a ~Common law and the constitutional right of privacy
Hospital ruptured aneurysm; maintained by gastric tube given a person the right to refuse medical

398 Mass 417 feedings. He had no written living will, but he had treatment. The patient’s wishes are clearly known

explicitly stated that he would never want to live from explicit conversations. The gastric tube can
on life support systems. be withdrawn.

Bouvia v Superior Court 1986 CA  29-year-old mentally competent woman with The patient has the “right to refuse any medical

225 Cal Rptr 297 cerebral palsy that left her almost completely treatment even that which may save or prolong her

immobile and totally unable to care for herself. life.”
She requests a nasogastric tube to supplement her
inadequate oral intake be withdrawn.

In re Jobes 1987 NJ  32-year-old woman in a permanent vegetative state,  Incompetent patients have the right to refuse medical

108 N.J. 394 receiving J-tube feedings. Her husband and parents care even if they have left no clear indication of

request withdrawal of the feedings. She left no their wishes. Using substituted judgment the
clear written or verbal indication of her wishes. family can exercise her right to withdraw the J-
tube feedings.

Cruzan v Director of 1990 U.S. 33-year-old woman in a persistent vegetative state By 8 to 1, the Supreme Court ruled that patients
Missouri Department of maintained by gastric tube nutrition and hydration. have a constitutional right to refuse medical care
Health Her parents requested that these tube feedings be and that this applies to artificial nutrition and

110 S. Ct. 2841 terminated. hydration. If there was no clear and convincing

written or verbal statement of the patient’s wishes,
states could regulate how families exercise the
right.

In re Helga Wanglie 1991 MN 85-year-old woman in a persistent vegetative state. The husband should represent the patient’s interests,

Fourth judicial district PX- After months, physicians suggested withdrawal of and his refusal to discontinue the respirator is
91-283. Minnesota life-sustaining treatment because the patient was binding.

(Hennepin County) receiving no benefit. The family refused
withdrawal.
Wendland v. Wendland 2001 CA  42-year-old conscious man with severe cognitive Patients have a right to refuse all medical treatments

110 Cal Rptr 2d. 412

impairments, hemiparesis, and limited
communication who was not terminally ill required
feeding tube. The feeding tube fell out and needed
to be replaced. After authorizing replacement of
the feeling tube 3 times, wife refused replacement.

including life-sustaining treatments. This right can
be exercised for mentally incompetent patients
through advance care directives. For patients who
are terminally ill, in persistent vegetative state, or
comatose who have not completed an advance care
directive, proxies who have not been formally
appointed can terminate interventions. However,
for mentally incompetent but conscious patients
“clear and convincing” evidence is needed of the
patient’s wishes before life-sustaining treatment
can be stopped.

patients had a >10% chance of survival to hospital discharge. Quan-
titative futility rarely applies in ICU settings. Most commentators re-
ject using futility as a criterion of withdrawing care.

EUTHANASIA AND PHYSICIAN-ASSISTED SUICIDE  Euthanasia and physician-
assisted suicide are defined in Table 9-9. Terminating life-sustaining
care and providing opioid medications to manage symptoms have long
been considered ethical by the medical profession and legal by courts
and should not be confused with euthanasia or physician-assisted su-
icide.

LEGAL ASPECTS ~ Euthanasia is legal in the Netherlands and Belgium. Eu-
thanasia was legalized in the Northern Territory of Australia but then
repealed. Euthanasia is not legal in any state in the United States.
Physician-assisted suicide is legal in Oregon but only if multiple cri-
teria are met and then only after a process that includes a 15-day
waiting period. In Switzerland, a layperson can legally assist suicide.

In all other countries and all other states in the United States, physi-
cian-assisted suicide and euthanasia are illegal explicitly or by com-
mon law.

PRACTICES  Fewer than 10 to 20% of terminally ill patients actually
consider euthanasia and/or physician-assisted suicide for themselves.
In the Netherlands and Oregon, >70% of patients utilizing these in-
terventions are dying of cancer; <5% of deaths by euthanasia or phy-
sician-assisted suicide involve patients with AIDS or amyotrophic
lateral sclerosis. In the Netherlands, if all legal and illegal acts are
grouped, euthanasia and physician-assisted suicide account for <3.5%
of all deaths. In Oregon, ~0.1% of patients die by physician-assisted
suicide, although many commentators suspect this is an undercount of
actual cases.

Pain is not a primary motivator for patients’ requests for or interest
in euthanasia and/or physician-assisted suicide. Among the first pa-
tients to receive physician-assisted suicide in Oregon, only 1 patient
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TABLE 9-9 Definitions of Assisted Suicide and Euthanasia

Term

Definition

Legal Status

Voluntary active
euthanasia

Involuntary active
euthanasia

Nonvoluntary
active
euthanasia

Passive euthanasia

Indirect euthanasia

Physician-assisted
suicide

Intentionally administering
medications or other interventions
to cause the patient’s death with the
patient’s informed consent

Intentionally administering
medications or other interventions
to cause the patient’s death when
the patient was competent to
consent but did not—e.g., the patient
may not have been asked

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

Withholding or withdrawing life-
sustaining medical treatments from
a patient to let him or her die
(terminating life-sustaining
treatments)

Administering opioids or other
medications to relieve pain,
dyspnea, or other symptoms with
the incidental consequence of
causing sufficient respiratory
depression to result in the patient’s
death

A physician provides medications or
other interventions to a patient with
the understanding that the patient
can use them to commit suicide

Netherlands
Belgium

Nowhere

Nowhere

Everywhere

Everywhere

Oregon
Netherlands
Belgium
Switzerland

of 15 had inadequate pain control compared to 15 of 43 patients in a
control group experiencing inadequate pain relief. Depression, hope-
lessness, and, more vaguely, worries about loss of dignity or autonomy
appear to be the primary factors motivating a desire for euthanasia or
physician-assisted suicide.

Euthanasia and physician-assisted suicide are no guarantee of a
painless, quick death. Data from the Netherlands indicate that in as
many as 20% of cases technical and other problems arose, including
patients waking from coma, not becoming comatose, regurgitating
medications, and a prolonged time to death. Problems were signifi-
cantly more common in physician-assisted suicide, sometimes requir-
ing the physician to intervene and provide euthanasia.

After receiving a request for euthanasia and/or physician-assisted
suicide, health care providers should carefully clarify the request with
empathic, open-ended questions to help elucidate the underlying cause
for the request such as: “What makes you want to consider this op-
tion?” Endorsing either moral opposition or moral support for the act
tends to be counterproductive, either lending an impression of being
judgmental or of endorsing the idea that the patient’s life is worthless.
Health care providers must reassure the patient of continued care and
commitment. The patient should be educated about alternative, less
controversial options, such as symptom management and withdrawing
any unwanted treatments; the reality of euthanasia and/or physician-
assisted suicide, since the patient is likely to have misconceptions
about its effectiveness; and also the legal implications of the choice.
Depression, hopelessness, and other symptoms of psychological dis-
tress as well as physical suffering and economic burdens are likely
factors motivating the request, and such factors should be assessed and
treated aggressively. After these interventions and clarification of op-
tions, most patients proceed with a less controversial approach of de-
clining life-sustaining interventions, possibly including refusal of
nutrition and hydration.

CARE DURING THE LAST HOURS Most laypersons have limited experi-
ences with the actual dying process and death. They frequently do not
know what to expect of the final hours, and afterwards. Therefore,
the family and other caregivers must be prepared, especially if the plan
is for the patient to die at home.

Patients in the last days of life experience extreme weakness and
fatigue and become bedbound; this can lead to bedsores. They stop
eating and drinking with drying of mucosal membranes and dysphagia.
Careful attention to oral swabbing, lubricants for lips, and use of ar-
tificial tears can provide a form of care to substitute for attempts at
feeding the patient. With loss of the gag reflex and dysphagia, patients
may also experience accumulation of oral secretions, producing noises
during respiration sometimes called “the death rattle.” Scopolamine
can reduce the secretions. Patients also experience changes in respi-
ration with periods of apnea or Cheyne-Stokes breathing. Decreased
intravascular volume and cardiac output causes tachycardia, hypoten-
sion, peripheral coolness, and livedo reticularis (skin mottling). Pa-
tients can also have urinary and, less frequently, fecal incontinence.
Changes in consciousness and neurologic function generally lead to
two different paths to death (Fig. 9-2).

Each of these terminal changes can cause patients and families
distress, requiring reassurance and targeted interventions (Table 9-10).
Informing families that these changes might occur, and even providing
them an information sheet, can help to preempt problems and minimize
distress. Understanding that patients stop eating because they are dy-
ing, not dying because they have stopped eating, can reduce family
and caregiver anxiety. Similarly, informing the family and caregivers
that the “death rattle” may occur and that it is not indicative of suf-
focation or choking can reduce their preoccupation with the breathing
sounds.

Families and caregivers can also feel guilty about stopping treat-
ments, fearing that they are “killing” the patient. This may lead to
demands for interventions that may be ineffective. In such cases, the

! '

Common clinical Uncommon clinical
course course

¢

Comatose

FIGURE 9-2  Common and uncommon clinical courses in the last days of terminally
ill patients. (Adapted from FD Ferris et al: Module 4: Palliative care, in Comprehensive
Guide for the Care of Persons with HIV Disease. Toronto: Mt. Sinai Hospital and Casey
Hospice, 1995, at www.cpsonline.info/content/resources/hivmodule4. html)



TABLE 9-10 Managing Changes in the Patient's Condition during the Final Days and Hours

Changes in the Patient’s

Condition Potential Complication

Family's Possible Reaction and
Concern

Advice and Intervention

Profound fatigue Bedbound with development
of pressure ulcers that are
prone to infection,

malodor, and pain, and

Patient is lazy and giving up.

Reassure family and caregivers that terminal fatigue will not
respond to interventions and should not be resisted.
Use an air mattress if necessary.

Reassure family and caregivers that the patient is not eating
because he or she is dying; not eating at the end of life does not

joint pain
Anorexia None Patient is giving up; patient
will suffer from hunger and
will starve to death.
Dehydration Dry mucosal membranes (see Patient will suffer from thirst
below) and die of dehydration.
Dysphagia Inability to swallow oral

medications needed for
palliative care

“Death rattle”—noisy

breathing suffocating.

Apnea, Cheyne-
Stokes respirations,
dyspnea

Urinary or fecal
incontinence

Skin breakdown if days until
death

Potential transmission of
infectious agents to
caregivers

Day/night reversal

Hurt self or caregivers

Agitation or delirium

horrible death.

Dry mucosal
membranes

Cracked lips, mouth sores,
and candidiasis can also
cause pain.

Malodor

Patient is choking and

Patient is suffocating.

Patient is dirty, malodorous,
and physically repellent.

Patient is in horrible pain
and going to have a

Patient may be malodorous,
physically repellent.

cause suffering or death.

Forced feeding, whether oral, parenteral, or enteral, does not
reduce symptoms or prolong life.

Reassure family and caregivers that terminal dehydration does not
cause suffering because patients lose consciousness before any
symptom distress.

Intravenous hydration can worsen symptoms of dyspnea by
pulmonary edema and peripheral edema as well as prolong
dying process.

Do not force oral intake.

Discontinue unnecessary medications that may have been
continued including antibiotics, diuretics, anti-depressants, and
laxatives.

If swallowing pills is difficult, convert essential medications
(analgesics, antiemetics, anxiolytics, and psychotropics) to oral
solutions, buccal, sublingual, or rectal administration.

Reassure the family and caregivers that this is caused by
secretions in the oropharynx and the patient is not choking.

Reduce secretions with scopolamine (0.2—0.4 mg SC g4h or 1-3
patches q3d)

Reposition patient to permit drainage of secretions.

Do not suction. Suction can cause patient and family discomfort,
and is usually ineffective.

Reassure family and caregivers that unconscious patients do not
experience suffocation or air hunger.

Apneic episodes are frequently a premorbid change.

Opioids or anxiolytics may be used for dyspnea.

Oxygen is unlikely to relieve dyspneic symptoms and may
prolong the dying process.

Remind family and caregivers to use universal precautions.

Frequent changes of bedclothes and bedding.

Use diapers, urinary catheter, or rectal tube if diarrhea or high
urine flow occur.

Reassure family and caregivers that agitation and delirium do not
necessarily connote physical pain.

Depending upon the prognosis and goals of treatment, consider
evaluating for causes of delirium and modify medications.

Manage symptoms with haloperidol, chlorpromazine, diazepam,
or midazolam.

Use baking soda mouthwash or saliva preparation q15—30min.

Use topical nystatin for candidiasis.

Coat lips and nasal mucosa with petroleum jelly g60—90min.

Use ophthalmic lubricants g4h or artificial tears q30min.

physician should remind the family and caregivers about the inevita-
bility of events, the palliative goals, and that interventions may prolong
the dying process and cause discomfort. Physicians should also em-
phasize that withholding treatments is both legal and ethical, and that
they are not the cause of the patient’s death. This reassurance may
need to be provided multiple times.

Hearing and touch are said to be the last senses to stop functioning.
Therefore, families and caregivers should be permitted to communi-
cate with the dying patient. Encouraging them to talk directly to the
patient, even if he or she is unconscious, and hold the patient’s hand
or demonstrate affection in other ways can be an effective way to
channel their urge “to do something” for the patient.

When the plan is for the patient to die at home, the physician must
inform the family and caregivers how to determine that the patient has
died. The cardinal signs are cessation of cardiac function and respi-
ration; the pupils become fixed; the body becomes cool, ashen white,
and waxy; muscles relax; and incontinence may occur. Remind the
family and caregivers that the eyes may remain open even when the

patient has died because the retroorbital fat pad may be depleted per-
mitting the orbit to fall posteriorly, which makes it difficult for the
eyelids to cover the eyeball.

The physician should establish a plan of who the family or care-
givers will contact when the patient is dying and has died. Without a
plan, they may panic and call 911, unleashing a cascade of unwanted
events from arrival of emergency personal and resuscitation to hospital
admission. The family and caregivers should be instructed to contact
the hospice (if one is involved), the covering physician, or the on-call
member of the palliative care team. They should also be told that the
coroner need not be called, unless the state requires it for all deaths.
Unless foul play is suspected, the health care team need not contact
the coroner either.

Just after the patient dies, even the best-prepared family may ex-
perience shock and loss and be emotionally distraught. They need time
to assimilate the event and be comforted. Health care providers should
write a bereavement card or letter to the family. The purpose is to
communicate about the patient, perhaps emphasizing the patient’s vir-



66 Part | Introduction to Clinical Medicine
tues, the honor it was to care for the patient, and express concern for
the family’s hardship. Many physicians attend the funerals of their
patients. While this is beyond any medical obligation, the presence of
the physician can be a source of support to the grieving family, and
the funeral provides an opportunity for closure for the physician.

Death is a strong predictor of poor health, and even mortality, for
the surviving spouse. It may be important to alert the spouse’s phy-
sician about the death to be aware of symptoms that might require
professional attention.

PALLIATIVE CARE SERVICES: HOW AND WHERE

Determining the best approach to providing palliative care to patients
will depend upon patient preferences, the availability of caregivers and
specialized services in close proximity, institutional resources, and re-
imbursement. A hospice is a leading, but not the only, model of pal-
liative care services. In the United States, Medicare pays for hospice
services under Part A, the hospital insurance part of reimbursement.
Two physicians must certify that the patient has a prognosis of =6
months, if the disease runs its usual course. Prognoses are probabilistic
by their nature; patients are not required to die within 6 months but
rather to have a condition from which half the individuals with it would
be dead within 6 months. Patients sign a hospice enrollment form that
states their intent to forgo curative services related to their terminal
illness, but they can still receive medical services for other comorbid
conditions. Patients can also un-enroll and re-enroll later; the hospice
Medicare benefit can be revoked later to secure traditional Medicare
benefits. Payments to the hospice are per diem, not fee-for-service.
Payments are intended to cover physician services for the medical
direction of the care team; regular home care visits by registered nurses
and licensed practical nurses; home health aid and homemaker ser-
vices; dietary counseling; chaplain services; social work services; be-
reavement counseling; and medical equipment, supplies, and
medications. Additional clinical care, including services of the primary
physician, is covered by Medicare Part B even while the hospice Med-
icare benefit is in place.

By 1996, the mean length of enrollment in a hospice was 65 days,
with the median being <24 days. Since then, it appears the length of
enrollment is declining. Such short stays create barriers to establishing
high-quality palliative services in patients’ homes and also place fi-
nancial strains on hospice providers since the initial assessments and
institution of care plans are resource intensive. Physicians should ini-
tiate early referrals to the hospice to allow more time for patients to
receive palliative care.

Hospice care has been the main way of securing palliative services

for terminally ill patients. However, efforts are now being made to
ensure continuity of palliative care across settings and through time.
Palliative care services are becoming available as consultative services
in hospitals, in day care and other outpatient settings, and in nursing
homes. In the United States, while the vast majority of hospice care
is provided in residential homes, just over 10% now occurs in nursing
homes. Palliative care consultations for non-hospice patients can be
billed as for other consultations under Medicare Part B, the physician
reimbursement part. Many believe palliative care should be offered to
patients regardless of their prognosis. A patient and his or her family
should not have to make a “curative vs. palliative care” decision be-
cause it is rarely psychologically possible to make such a decisive
switch to embracing mortality.

FUTURE DIRECTIONS

OUTCOME MEASURES Care near the end of life cannot be measured by
most of the available validated outcome measures since palliative care
does not consider death a bad outcome. Similarly, the family and pa-
tients receiving end-of-life care may not desire the elements elicited
in current quality-of-life measurements. Symptom control, enhanced
family relationships, and quality of bereavement are difficult to mea-
sure and are rarely the primary focus of carefully developed or widely
used outcome measures. Nevertheless, outcomes are as important in
end-of-life care as in any other field of medical care. Specific end-of-
life care instruments are being developed both for assessment, such as
The Brief Hospice Inventory and NEST (needs near the end of life
screening fool), and for outcome measures, such as the Palliative Care
Outcomes Scale. The field of end-of-life care is ready to enter an era
of evidence-based practice and continuous improvement through clin-
ical trials.
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COMPLEMENTARY AND ALTERNATIVE
Stephen E. Straus

10

BACKGROUND Medicine, not long ago the domain of solitary general-
ists and their nurse assistants, now engages scores of specialists and
allied professionals—radiation physicists, cytologists, nurse practi-
tioners, psychiatric social workers, dental hygienists, and many
more—who wield tools of unprecedented ability to extend life and
sustain its quality. This evolution of the health care system has been
achieved, in part, by a formidable enterprise of critical observation and
formal investigation that disproves some once-accepted practices and
stimulates emergence of new approaches that compete for acceptance.
One need only peruse the serial editions of this textbook to compre-
hend the scope of these changes.

Other factors have also affected evolutionary changes in medicine.
Immigration and related demographic changes yield increasingly di-
verse populations who value their own traditions. People’s expecta-
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tions of health and the nature of the health care system itself have been
altered by unprecedented access to sources of information, goods, and
services; the disposable income to afford them, and a patchwork quilt
of regulations and laws that constrain medical practice on the one hand
and facilitate increased choice in health care on the other. The emer-
gence of complementary and alternative medicine is one manifestation
of these changes in health care.

DEFINITIONS In every generation, medical practices exist that are not
accepted by the mainstream: they are viewed with suspicion and dis-
missed as implausible or irrational. For a time, approaches that evoked
some appeal, but which had not been thoroughly tested, were deemed
unconventional. Over the past decade or so, they have been called
complementary or alternative medicine (CAM), to reflect their use as
adjuncts to, or as substitutes for, more generally accepted practices,



respectively. CAM does not encompass practices that have yet to be
translated fully from the laboratory into the clinic, nor practices that
were well studied and disproved, but which manage to persist in some
fashion nonetheless. Rather, CAM entails approaches with surprising
pervasiveness, many of which can claim at least some evidentiary
support. Until recently, CAM could also be defined as practices that
are not widely taught in medical schools or reimbursed. However,
medical students increasingly seek and receive some instruction about
CAM, while third-party payers have identified in CAM a marketing
tool to attract new, well-heeled clients. In the past few years, another
term has been coined—integrative medicine—to suggest encourag-
ingly that some CAM approaches, and the practitioners who deliver
them, will be shown worthy of being added to the health care reper-
toire.

SCOPE The myriad practices and products that encompass CAM (Ta-
ble 10-1) can be organized into five somewhat overlapping domains.
Special diets, high doses of vitamins and minerals, and extracts of
animal or botanical products are grouped together as biologically
based CAM approaches. Massage, osteopathic and chiropractic ma-
nipulation, and cranial-sacral therapies are grouped as manipulative
and body-based CAM approaches. Diverse forms of meditation, var-
ious uses of biofeedback, and hypnosis are considered mind-body ap-
proaches. All three of these CAM domains have well-accepted
analogues in conventional medicine—low-fat, low-cholesterol diets;
physical therapy; psychotherapy; to name but a few.

The fourth domain is known as energy medicine, to reflect its ex-
ploitation of veritable or putative energy fields. Today, magnets are
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increasingly popular health products. Over 2000 years ago, however,
while Greek physicians believed that health requires a balance of vital
humors, Asian practitioners postulated the flow and balance of vital
energies and described tools to restore them. Acupuncture aims to
correct energies that flow through special meridians, or channels.
Reiki, a Japanese approach, and healing touch, a modern variant, pur-
port to diagnose and correct one’s energy by passing the hands of an
adept therapist over the patient.

The fifth domain, termed alternative systems of medicine, combines
elements of the four other domains and aims to provide primary ap-
proaches to all health needs, rather than just adjunctive solutions to
them. Western variants include practices developed by Native Amer-
icans, homeopathy, and naturopathic medicine. Eastern variants such
as Ayurvedic medicine of India, traditional Chinese medicine, and
Tibetan medicine are rich in their use of meditative exercises and
herbal products.

PATTERNS OF USE  Despite its enormous success, contemporary western
biomedicine has features that can discourage patients: many diseases,
especially chronic ones, are not cured or even adequately ameliorated;
existing treatments can impose serious adverse reactions; and the care
is fragmented and impersonal. CAM, despite its lack of proof, appeals
to many because its practitioners are optimistic. They spend a lot of
time talking with and touching their patients. CAM empowers patients
to make their own health choices, its natural products are believed to
be inherently healthier and safer than synthetic ones, and care is pro-

TABLE 10-1 Some Complementary and Alternative Medical Practices

Type

Description

Acupuncture
Alexander technique
Anthroposophic medicine

Aromatherapy
Ayurvedic medicine

Bach flower remedies
Biofeedback
Chiropractic
Cranial-sacral therapy
Curanderismo

Dance therapy
Feldenkrais bodywork
Guided imagery
Hydropathy

Hypnosis

Massage

Meditation

Music therapy
Naturopathy

Native American medicine

Osteopathy
Reflexology/zone therapy
Rolfing/structural integration
Shiatsu/acupressure

Siddha medicine

T’ai chi ch’aun

Therapeutic touch

Tibetan medicine

Traditional Chinese medicine

Trager bodywork
Unani medicine
Yoga

A Chinese medical practice that involves the insertion of hair-thin needles into nonanatomic energy channels, called
meridians

A movement therapy that emphasizes efficient use of muscles to relieve pain, decrease skeletal strain, and improve
posture

A spiritually based system of medicine that incorporates herbs, homeopathy, diet, and a movement therapy called
eurythmy

The use of essential plant oils (distilled concentrates) in massage, baths, or inhalation

The major East Indian traditional medicine system, utilizing pulse and tongue diagnosis; treatment includes diet,
exercise, herbs, oil massages, and elimination regimens (utilizing emetics, diarrheals, etc.)

Dilute flower infusions used to treat emotional conditions

The use of machinery that translates physiologic processes into audio or visual signals

Adjustments of spinal vertebrae in an effort to affect neuromuscular function

Gentle manipulation of the cranium and spine

A spiritual healing tradition common in Mexican-American communities that utilizes ritual cleansing, herbs and
incantations

Therapeutic method that uses movement to facilitate emotional expression and release

Highly structured movement sequences that emphasize proper head positioning

The use of imagination to invoke specific images that are hoped to affect physiologic function

Treatment utilizing water at various temperatures, sometimes aerated or under pressure, sometimes with added salts or
other substances

The induction of an altered of mind within which a subject becomes receptive to specific suggestions

The use of specific gliding and kneading strokes and friction to achieve muscle relaxation

A process by which one tries to achieve awareness without thought

Singing, playing instruments, or listening to music

A mixture of modalities that may include herbs, homeopathy, acupuncture, hydropathy, diet, and exercise

Diverse systems, many of which incorporate prayer, chant, music, healing ceremonies, counseling, herbs, laying on of
hands, and smudging (ritual cleansing with smoke from sacred plants)

A medical field incorporating manipulative techniques for correcting abnormalities of the musculoskeletal system

Manual stimulation of points on the hands or feet, believed to affect distant organs

A manual therapy that attempts to realign the body by deep tissue manipulation of fasciae

Finger pressure at points along nonanatomic meridians

An East Indian medical system (prevalent among Tamil-speaking people) utilizing breathing techniques, incantations,
herbs, and muppu (a tri-salt preparation)

Chinese dancelike exercises described as a “moving meditation”

Secular version of the laying on hands, described as a “healing meditation” (a tri-salt preparation)

A medical system that utilizes diagnosis by pulse and urine examination; therapies include herbs, diet, and massage

A medical system that utilizes examination of the tongue and pulses for diagnosis and acupuncture, herbal mixtures,
massage, exercise, and diet

Light massage combined with gentle passive movements to help patients maximize freedom of movement

An East Indian medial system, derived from Persian medicine, practiced primarily in the Muslim community

An Indian practice that includes postures (asanas), breathing exercises (pranayama), and cleansing practices (kriyas)
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vided in a “holistic” fashion, meaning that the broader medical, social,
and emotional contexts of illness are considered in designing the treat-
ment plan.

The very first large survey by Eisenberg in 1993 surprised the med-
ical community by showing that >30% of Americans use CAM ap-
proaches. Countless studies since then have extended these
conclusions by surveying specific demographic groups and patient
populations. The Centers for Disease Control and Prevention (CDC)
study of nearly 31,000 American adults revealed that in 1999 29% had
used one or more modalities, with spiritual approaches, herbal medi-
cine, chiropractic, and massage being the most prevalent. Over 1%
underwent acupuncture treatment that year. Surveys among patients
with cancer showed that 30 to 86% used CAM, with highest rates in
those with more advanced disease and undergoing aggressive treat-
ments. Similarly, among AIDS patients, 36 to 91% are reported to use
CAM. In devastating chronic illnesses like these, CAM is called upon
to provide hope of cures when conventional medicine cannot, to extend
life, to ameliorate treatment side effects, and to provide emotional and
physical comfort. While somewhat subject to vagaries of definition as
to what counts as a CAM treatment, surveys have shown that Amer-
icans are willing to pay for these services out of pocket, with an es-
timated $7 billion each year on vitamins and mineral supplements, $4
billion on herbals and other natural products, and nearly $4 billion
more on sports supplements. Eisenberg reported that total CAM ex-
penditures in 1997 approached $30 billion, with more visits to prac-
titioners for CAM services than to physicians in general.

FIELDS OF PRACTICE W Osteopathic Medicine Founded in 1892 in the
American heartland by the physician Andrew Taylor Still, osteopathic
medicine was based originally on the belief that manipulation of soft
tissue and bone can correct a wide range of diseases of the musculo-
skeletal and other organ systems. Over the ensuing century, osteopathy
evolved progressively towards conventional (allopathic) medicine. To-
day, the training, practice, credentialing, licensure, and reimbursement
of osteopathic physicians is virtually indistinguishable from those of
allopathic physicians, with 4 years of osteopathic medical school fol-
lowed by specialty and subspecialty training and certification by or-
ganizations such as the American Board of Internal Medicine. Some
osteopathic physicians continue to practice spinal manipulation, pri-
marily as a tool to address specific musculoskeletal complaints.

Chiropractic Medicine In 1895, Daniel David Palmer founded in Mis-
souri the first school of chiropractic medicine to teach manipulation
of the spine. Palmer believed that subluxations, or partial dislocations
of vertebrae, cause disease by impinging on key nerve roots. Today,
chiropractors undertake 5 years of training in basic and relevant clin-
ical sciences. Increasingly, they complete additional postgraduate
training in radiology and outpatient therapeutics, primarily of mus-
culoskeletal conditions, although within the discipline there are fac-
tions that continue to perform manipulation for many other pathologic
entities. Chiropractors also advise on nutrition, exercise, and other
health maintenance approaches. Over 70,000 doctors of chiropractic
medicine are licensed to practice in all states and the District of Co-
lumbia.

Acupuncture A venerable component of traditional Chinese medicine,
acupuncture has emerged in recent decades as a free-standing clinical
discipline. Over 3000 American physicians have acquired targeted
postgraduate training that permits them to practice acupuncture in over
40 states and the District of Columbia. Over 4000 non-MDs have taken
far more extended training, leading to licensure to practice indepen-
dently or under the supervision of a physician.

Massage Therapy Drawing upon millennia of empirical knowledge,
some 80 American schools instruct students in an array of the soft
tissue manipulative approaches that constitute massage. Thirty-one
states and the District of Columbia license trainees to perform thera-
peutic massage.

Naturopathic Medicine Eleven states license practitioners of naturopa-
thy, a discipline that emerged in central Europe in the late eighteenth
century. That conventional treatments of the day were usually ineffec-
tive, if not overtly harmful, stimulated the search for safer and more
“natural” approaches—naturopathy is one of them. The concept un-
derlying this discipline is that the body possesses powerful mecha-
nisms for self-healing that a properly instructed practitioner could
harness. About 1400 naturopathic physicians have completed 4 years
of education in basic and clinical sciences and are licensed to manage
a predominantly outpatient population. Conventional and unconven-
tional diagnostic tests and medications are prescribed with an emphasis
on relatively low doses of drugs, herbal medicines, special diets, and
exercises.

Homeopathic Medicine The late eighteenth century also witnessed the
emergence of homeopathy, another discipline that reacted to toxicity
of the allopathic approaches of the day. It was developed by Samuel
Hahnemann, a German physician, who postulated that substances that
cause particular side effects in a well person may be used to treat or
prevent such symptoms in an ill person if administered in miniscule
amounts—what is known as “the doctrine of similars.” For example,
contact with poison ivy (Rhus toxicodendron) causes an itchy, blister-
ing rash. Highly diluted extracts of poison ivy are recommended to
treat chickenpox. The nascent field of homeopathy used blinded tests
on volunteers, presaging to some extent the use of placebo-controlled
trials, to prove which materials were the most able to induce or relieve
symptoms. By the mid-nineteenth century homeopathy had gained
considerable presence in the American medical establishment and
may, in fact, have facilitated the development of immunization and
allergen desensitization, both of which utilize very small quantities of
materials to elicit measurable biologic outcomes. Today, however, ho-
meopathy is accepted less fully in the United States than in some other
countries: it is the largest of all CAM practices in the United Kingdom,
Germany, and France and is widely used in India. Only three states
license the practice of homeopathy. The relative decline of homeop-
athy relates, at least in part, to the field’s inability to articulate a ra-
tional mechanism as to why products that are diluted more than
10%-fold, vastly greater than Avogadro’s number, could incite biologic
effects. Nonetheless, homeopathic remedies are readily available and
commonly recommended by naturopathic physicians and other li-
censed and unlicensed practitioners.

Other Disciplines There are numerous other CAM practices, among
which some involve formal training, such as that leading to a Doctorate
of Oriental Medicine, or extended apprenticeships, as in learning
herbal medicine. Unfortunately, most of the other fields have no agreed
upon practice standards, credentialing processes, requirements for con-
tinuing education, or accountability.

REGULATION  As indicated above, some CAM disciplines are carefully
regulated. CAM products, however, are not strongly regulated. Herbal
medicines, and dietary supplements more generally, occupy a unique
regulatory status that affords the public remarkable freedom of choice
but also many undesired challenges, summarized below. Elements of
virtually all traditional healing approaches, herbal medicines were pre-
sumed safe long before the implementation of stringent drug regula-
tions by the U.S. Food and Drug Administration (FDA). In 1994, the
United States Congress passed the Dietary Supplements Health and
Education Act (DSHEA) that permits sale of dietary supplements
“over-the-counter,” as it were, but without the requirement imposed
on manufacturers of prescription or classic over-the-counter drugs to
prove their products to be safe and effective before marketing. Sup-
plements can be removed by the FDA from the market only if they
are proven to be hazardous. Dietary supplements, however, cannot
legally claim to prevent or treat any disease. They can, however, claim
to maintain “normal structure and function” of body systems. For ex-
ample, a product cannot claim to treat arthritis, but it can claim to
maintain “normal joint health.”

Homeopathic products predate FDA drug regulations and are sold
with no requirement that they be proven effective. It would be reason-



able to assume, however, given the extent to which homeopathic prod-
ucts are diluted, that most of them are safe.

SAFETY Despite their lack of apparent toxicities, homeopathic prod-
ucts, like all other CAM products and practices, do convey one type
of risk, namely, that people will pursue them in lieu of more conven-
tional modalities that are proven to be beneficial. Members of the
public have considerable freedom to determine what is in their own
best interest, even if those decisions deny them effective treatment,
although the courts have found the rights of parents to withhold treat-
ment of their children to be limited in instances of life-threatening
illnesses. Investigators, however, have a broad ethical obligation to
not withhold proven treatments for serious illnesses for the sake of
testing unproven ones.

Additional risks are imposed by the use of other CAM approaches:
injuries inflicted by a practice, inherent toxicities of the modality, and
interference by the modality with more conventional treatments.

Injury  Physical and manipulative interventions can harm patients. In
past decades, reused acupuncture needles transmitted hepatitis B virus
infection; today, the standard of care requires disposable needles. Ag-
gressive massage can cause soft tissue injuries. Spinal manipulation
of patients with unrecognized vertebral lesions has been associated
with cord injuries, and cervical manipulation has been associated with
stroke. These appear to be rare events.

Inherent Toxicity While the public may believe that “natural” equates
with “safe,” it is abundantly clear that natural products can be toxic.
Misidentification of medicinal mushrooms has led to liver failure.
Contamination of tryptophan supplements caused the eosinophilia-
myalgia syndrome. Herbal products containing particular species of
Aristolochia were associated with genitourinary malignancies. In
2001, extracts of kava, long used by Pacific Islanders for its mild
anxiolytic and sedative properties, were associated with fulminant liver
failure. A number of products, including the popular Ginkgo biloba,
are known to prolong bleeding times and have been associated with
postoperative hemorrhage. Among the most controversial is Ephedra
sinica, or ma huang, a product used in traditional Chinese medicine
for short-term treatment of asthma and bronchial congestion. The sci-
entific basis for these indications was revealed when ephedra was
shown to contain the ephedrine alkaloids, especially ephedrine and
pseudoephedrine. With the promulgation of the DSHEA regulations,
supplements containing ephedra and herbs rich in caffeine flooded the
U.S. marketplace, claiming to promote weight loss and to enhance
athletic performance. Reports of severe and fatal adverse events in
young and, in some cases, well-known Americans led to calls for re-
moval of ephedra-containing supplements.

Herbal-Drug Interactions The constituents of natural products may not
only be toxic but may also interfere with the metabolism of life-saving
drugs. This effect was illustrated most profoundly with the demon-
stration in 2000 that consumption of St.-John’s-wort interferes with
the bioavilability of the HIV protease inhibitor indinavir. Later studies
showed its similar interference with metabolism of topoisomerase in-
hibitors such as irinotecan, with cyclosporine, and with many other
drugs. The breadth of interference stems from the ability of hyperforin
in St.-John’s-wort to upregulate expression of the pregnane X receptor,
a promiscuous nuclear regulatory factor that promotes the expression
of many hepatic oxidative, conjugative, and efflux enzymes engaged
in drug and food metabolism.

ACQUIRING EVIDENCE CAM evolved through an entirely different ep-
istemologic framework than contemporary biomedicine. Empirical ob-
servations of individual patients constitute the primary evidentiary
base on which CAM practices are guided and taught. Nonetheless,
over the past few decades, thousands of studies have been performed
of various CAM approaches, including hundreds of trials involving
herbals, acupuncture, or homeopathy. To date, however, no single ap-
proach has been proven effective in a convincing way. (If they had,
the practice would no longer be considered CAM!) Several factors
contribute to this lack of convincing evidence. The vast majority of
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CAM studies have been seriously flawed by lack of appropriate con-
trols, bias on the part of the investigators, small sample sizes, reliance
on highly subjective and nonvalidated measures of benefit, and by
inappropriate statistical tests.

There are in addition, a series of methodologic issues that challenge
even the better-designed CAM studies. No uniform practice guidelines
exist, and the herbal products marketed in the United States are highly
variable in quality and composition. Some CAM practices are not
amenable to blinding. For example, both the patient and the practi-
tioner would know if spinal manipulation had been performed. These
problems are not unique to CAM, however, as they also complicate
attempts to study conventional practices such as psychotherapy or sur-
gery. Efforts are now being made to randomize patients to other
equally demanding control interventions, and acupuncture at tradi-
tional needling points is being compared to needling at what are ar-
guably irrelevant points.

Even with ongoing improvements in study design and conduct,
issues of belief stand in the way of comprehending and accepting the
results of some CAM studies. Many physicians are reluctant to believe
positive outcomes of exotic approaches that have not emerged through
the classic experimental paradigm by which drugs and biological
agents are now developed, namely, the orderly progression from pre-
clinical testing through three phases of clinical trials. More impor-
tantly, it is difficult to accept results that are counterintuitive or whose
mechanism cannot be rationally explained. A powerful example of this
dilemma involves studies of homeopathy. Some clinical trials of ho-
meopathy for asthma, infantile diarrhea, and other common conditions
reported positive results. Two systematic reviews of homeopathy trials
gleaned an overall favorable impression of the clinical trials data, con-
cluding that the treatments were more beneficial than placebo. Even
the best trials and these reviews have been criticized on methodologic
grounds. It remains unclear what evidence could compel a tidal change
in belief about the benefits of homeopathy when there remain no co-
gent explanations for how substances diluted to the point at which
only solute remains could exert physiologic effects.

By contrast, while methodologic problems continue to plague ac-
upuncture trials, belief has been growing even in academic centers that
acupuncture may be effective. The emerging acceptance of acupunc-
ture may result, in part, from its widespread availability and use in the
United States today: the CDC estimated that >1% of adult Americans
received acupuncture treatments in 1999. Acupuncturists are now prac-
ticing within major medical centers, providing an ancillary approach
to pain management. Yet, its acceptance may stem from more than
just its communal appeal. Since the mid-1970s, studies have revealed
palatable explanations for how needling may moderate pain and, not
just by rephrasing the traditional explanation that acupuncture restores
the flow of vital energies along meridians, for which there remain no
known anatomic correlates. Rather, biochemical and imaging studies
have shown that needling triggers the release of endogenous opioids
that bind to specific receptors in the very brain regions that mediate
the beneficial effects of narcotic analgesics.

EXISTING EVIDENCE Numerous CAM approaches lack coherent expla-
nations and any credible body of data regarding their safety and ef-
fectiveness. And, while it is difficult to conclude decisively that an
approach lacks any merit, it is quite feasible to discern that its effect
size, or degree of benefit, is too small to be worth pursuing further.
Over the past century, many approaches failed—one need only think
back to the exotic electrical devices, procedures, and tonics that fell
out of fashion. Two questions are often asked: (1) Whether any of the
more contemporary CAM modalities deserve to be rejected? (2)
Whether data showing it to be ineffective would change anyone’s mind
about using it? The case of laetrile is instructive in this regard. This
extract of apricot seeds was touted in the 1970s as a cure for solid
tumors. Thousands crossed the Mexican border to be treated. The lack
of any positive preclinical data discouraged oncologists from agreeing
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to study laetrile, until public pressure required that an answer be ob-
tained. Two studies in the 1980s showed no benefit of laetrile treat-
ment. Today, some continue to seek the product, but the numbers are
vastly smaller than before meaningful data were obtained. A similar
fate befell a cocktail of drugs used for cancer patients through the
1970s and 1980s by Dr. Luigi DiBella in Italy, once large studies
revealed it to have no detectable impact on the course of a variety of
advanced cancers.

In contrast, modalities that have been well tested and found inef-
fective are still in fairly common practice. For example, the renowned
biochemist and peace activist Linus Pauling proclaimed vitamin C to
be the answer to the common cold. Numerous, high-quality studies
failed to demonstrate clinically important effects of vitamin C in pre-
venting or treating viral colds. The early studies were criticized for
using too little of the vitamin, yet doses that well exceeded its bio-
availability also proved negative. Nonetheless, ingestion of extra vi-
tamin C remains a common habit in individuals who perceive the onset
of cold symptoms. For most people, this practice is wasteful but not
harmful; however, people with iron overload (either hemochromatosis
or chronic transfusion requirement) can be damaged by vitamin C,
which generates free radicals in the setting of iron excess.

Despite the failure of some CAM approaches, early studies have
yielded positive or at least encouraging data for a number of them.
Good sources of information include the Natural Medicines Compre-
hensive Database (www.NaturalDatabase.com) and National Institutes
of Health (NIH) websites such as http://ods.od.nih.gov; http://
nccam.nih.gov/health/ and http://www3.cancer.gov/occam/informa-
tion.html.

Vitamins/Minerals

* Vitamin A: Massive studies in a number of developing nations
proved that vitamin A deficiency is prevalent and associated with
increased risks of mortality in young children. Prospective trials
showed that 100,000 to 200,000 IU of vitamin A twice a year can
reduce the overall death rate significantly.

* Folic Acid: Rates of neural tube defects are significantly dimin-
ished if the diet is supplemented with folic acid during pregnancy.

* Folic acid, vitamin By, and vitamin B ,,: Randomized, double-blind,

controlled trials suggest that this vitamin combination lowers se-

rum homocysteine levels and the risk of myocardial infarction.

Vitamins C and E, B-carotene, and zinc: A large, randomized con-

trolled trial showed that these supplements combined reduce the

progression of age-related macular degeneration.

Even vitamins and minerals, which are presumed safe in moderate
doses, can have unexpected adverse effects. Two large controlled trials
of B-carotene for prevention of cancer or retinal diseases found in-
creased rates of lung cancer in those randomized to the supplement.
Ongoing are large prospective trials seeking benefits from ingestion
of supplements on rates of prostate cancer (vitamin E and selenium)
and Alzheimer’s disease (vitamin E).

Herbals and Other Natural Products

* Glucosamine and/or chondroitin sulfate: Systematic surveys of
controlled trials concluded that these products of animal joints are
superior to placebo in improving performance and slowing the nar-
rowing of the joint space in patients with osteoarthritis of the knee.

* Ginkgo biloba: Americans consumed nearly $250 million of this
herbal product in 2000. The literature shows no evidence that it
improves cognition, but it may decrease the risk of dementia.

* Saw palmetto (Serenoa repens) and African plum (Pygeum afri-
canum): Each of these botanicals is likely effective for the symp-
tomatic treatment of benign prostatic hyperplasia. Sales of saw
palmetto are growing, with an estimated $131 million of the prod-
uct consumed by Americans in 2000.

o St.-John's-wort (Hypericum perforatum): Among the most popular
herbal product worldwide, numerous small studies and systematic
reviews suggested it to benefit patients with a wide range of de-
pressive syndromes. High-quality, randomized, placebo-controlled
trials, found St.-John’s-wort to not be superior to placebo for treat-
ment of major depression of moderate severity, a spectrum of ill-
ness that clearly warrants professional evaluation and treatment.

* Echinacea species: Echinacea roots are widely used to treat or
prevent respiratory infections, with over $200 million in sales in
2000. Although in vitro studies have shown that Echinacea con-
stituents stimulate humoral and cellular immune responses, system-
atic reviews of the clinical trials have not concluded that they are
beneficial.

Other Modalities

* Acupuncture: A frequently cited NIH-led consensus development
conference in 1997 concluded that evidence exists that acupuncture
relieves nausea from chemotherapy and pain following extraction
of molars. Some subsequent studies have confirmed these earlier
impressions regarding acute nausea and vomiting, but the data re-
garding pain management have been mixed, with little evidence
that it benefits neuropathic pain.

* Mind-body medicine: Clinical trials support the use of biofeedback
for incontinence, headache, and stroke rehabilitation. Hypnosis may
be beneficial in relieving pain due to minor surgical interventions,
chemotherapy-associated nausea, and irritable bowel syndrome.

* Spinal manipulation: Systematic reviews of fairly well designed
trials concluded that chiropractic or osteopathic manipulation pro-
vides significant improvement for patients with uncomplicated
acute back pain. No proof exists that they are superior to, or more
cost-effective than, other conventional approaches, nor do they al-
ter the long-term outcome.

SUMMARY An array of unproven modalities will always be used by
the patients under our care. Physicians must approach each encounter
as an opportunity to better understand patients, their beliefs, and their
expectations and as an opportunity to help guide their choices in a
constructive way. Many of these choices are entirely innocuous and
can be accommodated in the context of the larger diagnostic and ther-
apeutic intervention. Some should be actively discouraged. Along the
way, scientific evidence will drive many CAM approaches out of fa-
vor. Some modalities will garner sufficient support to become part of
mainstream care: the next generation of physicians will never know
they were once controversial.
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PART II CARDINAL MANIFESTATIONS AND PRESENTATION
OF DISEASES

Section 1 Pain

The task of medicine is to preserve and restore health and to relieve
suffering. Understanding pain is essential to both these goals. Because
pain is universally understood as a signal of disease, it is the most
common symptom that brings a patient to a physician’s attention. The
function of the pain sensory system is to protect the body and maintain
homeostasis. It does this by detecting, localizing, and identifying tis-
sue-damaging processes. Since different diseases produce character-
istic patterns of tissue damage, the quality, time course, and location
of a patient’s pain complaint and the location of tenderness provide
important diagnostic clues and are used to evaluate the response to
treatment. Once this information is obtained, it is the obligation of the
physician to provide rapid and effective pain relief.

Howard L. Fields, Joseph B. Martin

THE PAIN SENSORY SYSTEM

Pain is an unpleasant sensation localized to a part of the body. It is
often described in terms of a penetrating or tissue-destructive process
(e.g., stabbing, burning, twisting, tearing, squeezing) and/or of a bodily
or emotional reaction (e.g., terrifying, nauseating, sickening). Further-
more, any pain of moderate or higher intensity is accompanied by
anxiety and the urge to escape or terminate the feeling. These prop-
erties illustrate the duality of pain: it is both sensation and emotion.
When acute, pain is characteristically associated with behavioral
arousal and a stress response consisting of increased blood pressure,
heart rate, pupil diameter, and plasma cortisol levels. In addition, local
muscle contraction (e.g., limb flexion, abdominal wall rigidity) is often
present.

PERIPHERAL MECHANISMS m The Primary Afferent Nociceptor A peripheral
nerve consists of the axons of three different types of neurons: primary
sensory afferents, motor neurons, and sympathetic postganglionic neu-
rons (Fig. 11-1). The cell bodies of primary afferents are located in
the dorsal root ganglia in the vertebral foramina. The primary afferent
axon bifurcates to send one process into the spinal cord and the other
to innervate tissues. Primary afferents are classified by their diameter,
degree of myelination, and conduction velocity. The largest-diameter
fibers, A-beta (AB), respond maximally to light
touch and/or moving stimuli; they are present
primarily in nerves that innervate the skin. In
normal individuals, the activity of these fibers
does not produce pain. There are two other clas-
ses of primary afferents: the small-diameter my-
elinated A-delta (A8) and the unmyelinated (C
fiber) axons (Fig. 11-1). These fibers are present
in nerves to the skin and to deep somatic and
visceral structures. Some tissues, such as the
cornea, are innervated only by Ad and C affer-
ents. Most Ad and C afferents respond maxi-
mally only to intense (painful) stimuli and pro-
duce the subjective experience of pain when
they are electrically stimulated; this defines
them as primary afferent nociceptors (pain re-
ceptors). The ability to detect painful stimuli is
completely abolished when Ad and C axons are
blocked.

Individual primary afferent nociceptors can
respond to several different types of noxious

FIGURE 11-1
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stimuli. For example, most nociceptors respond to heating, intense
mechanical stimuli such as a pinch, and application of irritating chem-
icals.

Sensitization When intense, repeated, or prolonged stimuli are applied
to damaged or inflamed tissues the threshold for activating primary
afferent nociceptors is lowered and the frequency of firing is higher
for all stimulus intensities. Inflammatory mediators such as bradyki-
nin, some prostaglandins, and leukotrienes contribute to this process,
which is called sensitization. In sensitized tissues normally innocuous
stimuli can produce pain. Sensitization is a clinically important process
that contributes to tenderness, soreness, and hyperalgesia. A striking
example of sensitization is sunburned skin, in which severe pain can
be produced by a gentle slap on the back or a warm shower.

Sensitization is of particular importance for pain and tenderness in
deep tissues. Viscera are normally relatively insensitive to noxious
mechanical and thermal stimuli, although hollow viscera do generate
significant discomfort when distended. In contrast, when affected by
a disease process with an inflammatory component, deep structures
such as joints or hollow viscera characteristically become exquisitely
sensitive to mechanical stimulation.

A large proportion of Ad and C afferents innervating viscera are
completely insensitive in normal noninjured, noninflamed tissue. That
is, they cannot be activated by known mechanical or thermal stimuli
and are not spontaneously active. However, in the presence of inflam-
matory mediators, these afferents become sensitive to mechanical
stimuli. Such afferents have been termed silent nociceptors, and their
characteristic properties may explain how under pathologic conditions
the relatively insensitive deep structures can become the source of
severe and debilitating pain and tenderness. Low pH, prostaglandins,
leukotrienes, and other inflammatory mediators such as bradykinin
play a significant role in sensitization.

Nociceptor-Induced Inflammation One important concept to emerge in
recent years is that afferent nociceptors also have a neuroeffector func-
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Components of a typical cutaneous nerve. There are two distinct functional categories of axons:
primary afferents with cell bodies in the dorsal root ganglion, and sympathetic postganglionic fibers with cell
bodies in the sympathetic ganglion. Primary afferents include those with large-diameter myelinated (AB), small-
diameter myelinated (AS), and unmyelinated (C) axons. All sympathetic postganglionic fibers are unmyelinated.

1

McGraw-Hill Companies, Inc. Click here for  terms

of use.



72 Part Il Cardinal Manifestations and Presentation of Diseases

tion. Most nociceptors contain polypeptide mediators that are released
from their peripheral terminals when they are activated (Fig. 11-2).
An example is substance P, an 11-amino-acid peptide. Substance P is
released from primary afferent nociceptors and has multiple biologic
activities. It is a potent vasodilator, degranulates mast cells, is a che-
moattractant for leukocytes, and increases the production and release
of inflammatory mediators. Interestingly, depletion of substance P
from joints reduces the severity of experimental arthritis. Primary af-
ferent nociceptors are not simply passive messengers of threats to tis-
sue injury but also play an active role in tissue protection through these
neuroeffector functions.

CENTRAL MECHANISMS m The Spinal Cord and Referred Pain The axons of
primary afferent nociceptors enter the spinal cord via the dorsal root.
They terminate in the dorsal horn of the spinal gray matter (Fig. 11-
3). The terminals of primary afferent axons contact spinal neurons that
transmit the pain signal to brain sites involved in pain perception. The
axon of each primary afferent contacts many spinal neurons, and each
spinal neuron receives convergent inputs from many primary afferents.

The convergence of sensory inputs to a single spinal pain-trans-
mission neuron is of great importance because it underlies the phe-
nomenon of referred pain. All spinal neurons that receive input from
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FIGURE 11-2  Events leading to activation, sensitization, and spread of sensitization
of primary afferent nociceptor terminals. A. Direct activation by intense pressure and
consequent cell damage. Cell damage induces Tower pH (H*) and leads to release of
potassium (K*) and to synthesis of prostaglandins (PG) and bradykinin (BK). Prosta-
glandins increase the sensitivity of the terminal to bradykinin and other pain-producing
substances. B. Secondary activation. Impulses generated in the stimulated terminal
propagate not only to the spinal cord but also into other terminal branches where they
induce the release of peptides, including substance P (SP). Substance P causes vaso-
dilation and neurogenic edema with further accumulation of bradykinin. Substance P
also causes the release of histamine (H) from mast cells and serotonin (SHT) from
platelets.
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FIGURE 11-3  The convergence-projection hypothesis of referred pain. According to
this hypothesis, visceral afferent nociceptors converge on the same pain-projection
neurons as the afferents from the somatic structures in which the pain is perceived.
The brain has no way of knowing the actual source of input and mistakenly “projects”
the sensation to the somatic structure.

the viscera and deep musculoskeletal structures also receive input from
the skin. The convergence patterns are determined by the spinal seg-
ment of the dorsal root ganglion that supplies the afferent innervation
of a structure. For example, the afferents that supply the central dia-
phragm are derived from the third and fourth cervical dorsal root gan-
glia. Primary afferents with cell bodies in these same ganglia supply
the skin of the shoulder and lower neck. Thus sensory inputs from
both the shoulder skin and the central diaphragm converge on pain-
transmission neurons in the third and fourth cervical spinal segments.
Because of this convergence and the fact that the spinal neurons are
most often activated by inputs from the skin, activity evoked in spinal
neurons by input from deep structures is mislocalized by the patient
to a place that is roughly coextensive with the region of skin innervated
by the same spinal segment. Thus inflammation near the central dia-
phragm is usually reported as discomfort near the shoulder. This spa-
tial displacement of pain sensation from the site of the injury that
produces it is known as referred pain.

Ascending Pathways for Pain A majority of spinal neurons contacted by
primary afferent nociceptors send their axons to the contralateral thal-
amus. These axons form the contralateral spinothalamic tract, which
lies in the anterolateral white matter of the spinal cord, the lateral edge
of the medulla, and the lateral pons and midbrain. The spinothalamic
pathway is crucial for pain sensation in humans. Interruption of this
pathway produces permanent deficits in pain and temperature discrim-
ination.

Spinothalamic tract axons ascend to several regions of the thala-
mus. There is tremendous divergence of the pain signal from these
thalamic sites to broad areas of the cerebral cortex that subserve dif-
ferent aspects of the pain experience (Fig. 11-4). One of the thalamic
projections is to the somatosensory cortex. This projection mediates
the purely sensory aspects of pain, i.e., its location, intensity, and qual-
ity. Other thalamic neurons project to cortical regions that are linked
to emotional responses, such as the cingulate gyrus and other areas of
the frontal lobes. These pathways to the frontal cortex subserve the
affective or unpleasant emotional dimension of pain. This affective
dimension of pain produces suffering and exerts potent control of be-
havior. Because of this dimension, fear is a constant companion of
pain.

PAIN MODULATION  The pain produced by similar injuries is remarkably
variable in different situations and in different individuals. For ex-
ample, athletes have been known to sustain serious fractures with only
minor pain, and Beecher’s classic World War II survey revealed that
many soldiers in battle were unbothered by injuries that would have
produced agonizing pain in civilian patients. Furthermore, even the
suggestion of relief can have a significant analgesic effect (placebo).
On the other hand, many patients find even minor injuries (such as
venipuncture) frightening and unbearable, and the expectation of pain
has been demonstrated to induce pain without a noxious stimulus.
The powerful effect of expectation and other psychological varia-



Spinothalamic
tract

Injury

Spinal cord

FIGURE 11-4  A. Transmission system for nociceptive messages. Noxious stimuli ac-
tivate the sensitive peripheral ending of the primary afferent nociceptor by the process
of transduction. The message is then transmitted over the peripheral nerve to the spinal
cord, where it synapses with cells of origin of the major ascending pain pathway, the
spinothalamic tract. The message is relayed in the thalamus to the anterior cingulate
(C), frontal insular (F), and somatosensory cortex (55). B. Pain-modulation network.
Inputs from frontal cortex and hypothalamus (Hyp.) activate cells in the midbrain that
control spinal pain-transmission cells via cells in the medulla.

bles on the perceived intensity of pain implies the existence of brain
circuits that can modulate the activity of the pain-transmission path-
ways. One of these circuits has links in the hypothalamus, midbrain,
and medulla, and it selectively controls spinal pain-transmission neu-
rons through a descending pathway (Fig. 11-4).

Human brain imaging studies have implicated this pain-modulating
circuit in the pain-relieving effect of attention, suggestion, and opioid
analgesic medications. Furthermore, each of the component structures
of the pathway contains opioid receptors and is sensitive to the direct
application of opioid drugs. In animals, lesions of the system reduce
the analgesic effect of systemically administered opioids such as mor-
phine. Along with the opioid receptor, the component nuclei of this
pain-modulating circuit contain endogenous opioid peptides such as
the enkephalins and B-endorphin.

The most reliable way to activate this endogenous opioid-mediated
modulating system is by prolonged pain and/or fear. There is evidence
that pain-relieving endogenous opioids are released following surgical
procedures and in patients given a placebo for pain relief.

Pain-modulating circuits can enhance as well as suppress pain.
Both pain-inhibiting and pain-facilitating neurons in the medulla proj-
ect to and control spinal pain-transmission neurons. Since pain-trans-
mission neurons can be activated by modulatory neurons, it is theo-
retically possible to generate a pain signal with no peripheral noxious
stimulus. In fact, functional imaging studies have demonstrated in-
creased activity in this circuit during migraine headache. A central
circuit that facilitates pain could account for the finding that pain can
be induced by suggestion and could provide a framework for under-
standing how psychological factors can contribute to chronic pain.

NEUROPATHIC PAIN Lesions of the peripheral or central nervous path-
ways for pain typically result in a loss or impairment of pain sensation.
Paradoxically, damage or dysfunction of these pathways can produce
pain. For example, damage to peripheral nerves, as occurs in diabetic
neuropathy, or to primary afferents, as in herpes zoster, can result in
pain that is referred to the body region innervated by the damaged
nerves. Though rare, pain may also be produced by damage to the
central nervous system, particularly the spinothalamic pathway or thal-
amus. Such neuropathic pains are often severe and are notoriously
intractable to standard treatments for pain.
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Neuropathic pains typically have an unusual burning, tingling, or
electric shock—like quality and may be triggered by very light touch.
These features are rare in other types of pain. On examination, a sen-
sory deficit is characteristically present in the area of the patient’s pain.
Hyperpathia is also characteristic of neuropathic pain; patients often
complain that the very lightest moving stimuli evoke exquisite pain
(allodynia). In this regard it is of clinical interest that a topical prep-
aration of 5% lidocaine in patch form is effective for patients with
postherpetic neuralgia who have prominent allodynia.

A variety of mechanisms contribute to neuropathic pain. As with
sensitized primary afferent nociceptors, damaged primary afferents,
including nociceptors, become highly sensitive to mechanical stimu-
lation and begin to generate impulses in the absence of stimulation.
There is evidence that this increased sensitivity and spontaneous ac-
tivity is due to an increased concentration of sodium channels. Dam-
aged primary afferents may also develop sensitivity to norepinephrine.
Interestingly, spinal cord pain-transmission neurons cut off from their
normal input may also become spontaneously active. Thus both central
and peripheral nervous system hyperactivity contribute to neuropathic
pain.

Sympathetically Maintained Pain Patients with peripheral nerve injury
can develop a severe burning pain (causalgia) in the region innervated
by the nerve. The pain typically begins after a delay of hours to days
or even weeks. The pain is accompanied by swelling of the extremity,
periarticular osteoporosis, and arthritic changes in the distal joints. The
pain is dramatically and immediately relieved by blocking the sym-
pathetic innervation of the affected extremity. Damaged primary af-
ferent nociceptors acquire adrenergic sensitivity and can be activated
by stimulation of the sympathetic outflow. A similar syndrome called
reflex sympathetic dystrophy can be produced without obvious nerve
damage by a variety of injuries, including fractures of bone, soft tissue
trauma, myocardial infarction, and stroke (Chap. 354). Although the
pathophysiology of this condition is poorly understood, the pain and
the signs of inflammation are rapidly relieved by blocking the sym-
pathetic nervous system. This implies that sympathetic activity can
activate undamaged nociceptors when inflammation is present. Signs
of sympathetic hyperactivity should be sought in patients with post-
traumatic pain and inflammation and no other obvious explanation.

TREATMENT

ACUTE PAIN The ideal treatment for any pain is to remove the cause;
thus diagnosis should always precede treatment planning. Sometimes
treating the underlying condition does not immediately relieve pain.
Furthermore, some conditions are so painful that rapid and effective
analgesia is essential (e.g., the postoperative state, burns, trauma, can-
cer, sickle cell crisis). Analgesic medications are a first line of treat-
ment in these cases, and all practitioners should be familiar with their
use.

Aspirin, Acetaminophen, and Nonsteroidal Anti-Inflammatory Agents (NSAIDS)
These drugs are considered together because they are used for similar
problems and may have a similar mechanism of action (Table 11-1).
All these compounds inhibit cyclooxygenase (COX), and, except for
acetaminophen, all have anti-inflammatory actions, especially at
higher dosages. They are particularly effective for mild to moderate
headache and for pain of musculoskeletal origin.

Since they are effective for these common types of pain and are
available without prescription, COX inhibitors are by far the most
commonly used analgesics. They are absorbed well from the gastro-
intestinal tract and, with occasional use, side effects are minimal. With
chronic use, gastric irritation is a common side effect of aspirin and
NSAIDs and is the problem that most frequently limits the dose that
can be given. Gastric itritation is most severe with aspirin, which may
cause erosion of the gastric mucosa, and because aspirin irreversibly
acetylates platelets and thereby interferes with coagulation of the
blood, gastrointestinal bleeding is a risk. The NSAIDs are less prob-



TABLE 11-1 Drugs for Relief of Pain

pressed, and COX-2 is induced in the

Generic Name Dose, mg Interval Comments

inflammatory state. COX-2-selective

NONNARCOTIC ANALGESICS: USUAL DOSES AND INTERVALS

Acetylsalicylic acid 650 PO q4h

Acetaminophen 650 PO q4h Side effects uncommon
Ibuprofen 400 PO q4-6h Available without prescription
Naproxen 250-500 PO ql12h

Fenoprofen 200 PO q4-6h

Indomethacin 25-50 PO q8h

Ketorolac 15-60 IM q4-6h

Celecoxib 100—-200 PO q12-24h Useful for arthritis

Enteric-coated preparations available

Delayed effects may be due to long half-life
Contraindicated in renal disease
Gastrointestinal side effects common
Available for parenteral use (IM)

drugs have moderate analgesic potency
and produce less gastric irritation than
the nonselective COX inhibitors. It is
not yet clear whether the use of COX-2-
selective drugs is associated with a
lower risk of nephrotoxicity compared
to nonselective NSAIDs. On the other
hand, COX-2-selective drugs offer a sig-
nificant benefit in the management of

acute postoperative pain because they

Generic Name Parenteral Dose, mg PO Dose, mg Comments do not affect blood coagulation. This is
] a situation in which the nonselective
NARCOTIC ANALGESICS: USUAL DOSES AND INTERVALS COX inhibitors would be contraindi-
Codeine 30-60q4h 30-60q4h Nausea common cated because they impair platelet-me-
Oxycodone — 5-10q4-6h Usually qvallable with diated blood clotting and are thus asso-
acetaminophen ciated with increased bleeding at the
Or aspirin . . T,
Morphine 10g4h 60q4h operative site. A corollary of this is that
Morphine sustained release ~ — 30-200 bid to tid  Oral slow-release preparation COX-2 drugs do not provide the same
Hydromorphone 1-2q4h 2-4q4h Shorter acting than morphine degree of protection from thromboem-
sulfate bolic cardiovascular adverse events such
Levorphanol 2q6-8h 4q6-8h Longer acting than morphine as myocardial infarction. In fact, in pa-
sl albsarzd well HO tients treated for arthritis, those treated
Methadone 10q 6-8h 20 q 6-8 h Delayed sedation due to long . L)
half-life with naproxen had significantly fewer
Meperidine 75-100 g3-4h  300q4h Poorly absorbed PO; adverse thromboembolic events than
normeperidine those treated with rofecoxib, a selective
a toxic metabolite COX-2 inhibitor.
Butorphanol — 1-2q4h Intranasal spray
Fentanyl 25-100 pg/h — 72 h Transdermal patch . . . ..
Tramagol — He 50-100q4-6h Mixed opioid/adregergic action Opioid Analgesics ~ Opioids are the most

potent pain-relieving drugs currently

Uptake Blockade

available. Furthermore, of all analge-

Sedative  Anticholinergic Orthostatic ~ Cardiac Ave. Dose,  Range, .
Generic Name ~ 5-HT NE Potency  Potency Hypotension Arrhythmia  mg/d mg/d sics, they have the broadest range of ef-
ficacy, providing the most reliable and
ANTIDEPRESSANTS* effective method for rapid pain relief.
Doxepin ek I High Moderate Moderate  Less 200 75-400 Although side effects are common, they
Amitriptyline ++++ ++ High Highest Moderate ~ Yes 150 25-300 are usually not serious except for res-
Imipramine ~ ++++ ++ Moderate Moderate High Yes 200 75-400 piratory depression and can be reversed
Nortriptyline +++ qFaF Moderate Moderate Low Yes 100 40-150 rapidly with the narcotic antagonist nal-
Desipramine  +++ ++++ Low Low Low Yes 150 50-300 . :
Venlafaxine  +++ 4k =F Low None None No 150 75-400 oxone. The p.h}fSICIan Sh(?lﬂd. not l.leSI-
tate to use opioid analgesics in patients
Generic Name PO Dose, mg Interval Generic Name PO Dose, mg Interval with acute severe pain. Table 11-1 lists
the most commonly used opioid anal-
ANTICONVULSANTS AND ANTIARRHYTHMICS® gesics
Phenytoin 300 dally/qhs Clonazepam 1 q 6h OplOldS produce analgesia by ac-
Carbamazepine 200-300 q6h Mexiletine 150-300 q6-12h tions in the central nervous system.
Oxcarbazine 300 bid Gabapentin® 600—1200 q8h

They activate pain-inhibitory neurons

@ Antidepressants, anticonvulsants, and antiarrhythmics have not been approved by the U.S. Food and Drug Administration

(FDA) for the treatment of pain.
» Gabapentin in doses up to 1800 mg/d is FDA approved for postherpetic neuralgia.
Note: 5-HT, serotonin; NE, norepinephrine.

lematic, but their risk in this regard is still significant. In addition to
their well known gastrointestinal toxicity, nephrotoxicity is a signifi-
cant problem for patients using NSAIDs on a chronic basis, and pa-
tients at risk for renal insufficiency should be monitored closely.
NSAIDs also cause an increase in blood pressure in a significant num-
ber of individuals. Long-term treatment with NSAIDs requires regular
blood pressure monitoring and treatment if necessary. Although toxic
to the liver when taken in a high dose, acetaminophen rarely produces
gastric irritation and does not interfere with platelet function.

The introduction of a parenteral form of NSAID, ketorolac, extends
the usefulness of this class of compounds in the management of acute
severe pain. Ketorolac is sufficiently potent and rapid in onset to sup-
plant opioids for many patients with acute severe headache and mus-
culoskeletal pain.

There are two major classes of COX: COX-1 is constitutively ex-

and directly inhibit pain-transmission
neurons. Most of the commercially
available opioid analgesics act at the
same opioid receptor (mu receptor), dif-
fering mainly in potency, speed of onset,
duration of action, and optimal route of
administration. Although the dose-related side effects (sedation, res-
piratory depression, pruritus, constipation) are similar among the dif-
ferent opioids, some side effects are due to accumulation of nonopioid
metabolites that are unique to individual drugs. One striking example
of this is normeperidine, a metabolite of meperidine. Normeperidine
produces hyperexcitability and seizures that are not reversible with
naloxone. Normeperidine accumulation is increased in patients with
renal failure.

The most rapid relief with opioids is obtained by intravenous ad-
ministration; relief with oral administration is significantly slower.
Common acute side effects include nausea, vomiting, and sedation.
The most serious side effect is respiratory depression. Patients with
any form of respiratory compromise must be kept under close obser-
vation following opioid administration; an oxygen saturation monitor
may be useful. The opioid antagonist, naloxone, should be readily




available. Opioid effects are dose-related, and there is great variability
among patients in the doses that relieve pain and produce side effects.
Because of this, initiation of therapy requires titration to optimal dose
and interval. The most important principle is to provide adequate pain
relief. This requires determining whether the drug has adequately re-
lieved the pain and the duration of the relief. The most common error
made by physicians in managing severe pain with opioids is to pre-
scribe an inadequate dose. Since many patients are reluctant to com-
plain, this practice leads to needless suffering. In the absence of se-
dation at the expected time of peak effect, a physician should not
hesitate to repeat the initial dose to achieve satisfactory pain relief.

An innovative approach to the problem of achieving adequate pain
relief is the use of patient-controlled analgesia (PCA). PCA requires
a device that delivers a baseline continuous dose of an opioid drug,
and preprogrammed additional doses whenever the patient pushes a
button. The device can be programmed to limit the total hourly dose
so that overdosing is impossible. The patient can then titrate the dose
to the optimal level. This approach is used most extensively for the
management of postoperative pain, but there is no reason why it should
not be used for any hospitalized patient with persistent severe pain.
PCA is also used for short-term home care of patients with intractable
pain, such as is caused by metastatic cancer.

Many physicians, nurses, and patients have a certain trepidation
about using opioids that is based on an exaggerated fear of addiction.
In fact, there is a vanishingly small chance of patients becoming ad-
dicted to narcotics as a result of their appropriate medical use.

The availability of new routes of administration has extended the
usefulness of opioid analgesics. Most important is the availability of
spinal administration. Opioids can be infused through a spinal catheter
placed either intrathecally or epidurally. By applying opioids directly
to the spinal cord, regional analgesia can be obtained using a relatively
low total dose. In this way, such side effects as sedation, nausea, and
respiratory depression can be minimized. This approach has been used
extensively in obstetric procedures and for lower-body postoperative
pain. Opioids can also be given intranasally (butorphanol), rectally,
and transdermally (fentanyl), thus avoiding the discomfort of frequent
injections in patients who cannot be given oral medication. The fen-
tanyl transdermal patch has the advantage of providing fairly steady
plasma levels, which maximizes patient comfort.

OPIOID AND CYCLOOXYGENASE INHIBITOR COMBINATIONS ~When used in combi-
nation, opioids and COX inhibitors have additive effects. Because a
lower dose of each can be used to achieve the same degree of pain
relief and their side effects are nonadditive, such combinations can be
used to lower the severity of dose-related side effects. Fixed-ratio com-
binations of an opioid with acetaminophen carry a special risk. Dose
escalation as a result of increased severity of pain or decreased opioid
effect as a result of tolerance may lead to levels of acetaminophen that
are toxic to the liver.

CHRONIC PAIN

Managing patients with chronic pain is intellectually and emotionally
challenging. The patient’s problem is often difficult to diagnose; such
patients are demanding of the physician’s time and often appear emo-
tionally distraught. The traditional medical approach of seeking an
obscure organic pathology is usually unhelpful. On the other hand,
psychological evaluation and behaviorally based treatment paradigms
are frequently helpful, particularly in the setting of a multidisciplinary
pain-management center.

There are several factors that can cause, perpetuate, or exacerbate
chronic pain. First, of course, the patient may simply have a disease
that is characteristically painful for which there is presently no cure.
Arthritis, cancer, migraine headaches, fibromyalgia, and diabetic neu-
ropathy are examples of this. Second, there may be secondary perpet-
uating factors that are initiated by disease and persist after that disease
has resolved. Examples include damaged sensory nerves, sympathetic
efferent activity, and painful reflex muscle contraction. Finally, a va-
riety of psychological conditions can exacerbate or even cause pain.
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There are certain areas to which special attention should be paid in
the medical history. Because depression is the most common emo-
tional disturbance in patients with chronic pain, patients should be
questioned about their mood, appetite, sleep patterns, and daily activ-
ity. A simple standardized questionnaire, such as the Beck Depression
Inventory, can be a useful screening device. It is important to remem-
ber that major depression is a common, treatable, and potentially fatal
illness.

Other clues that a significant emotional disturbance is contributing
to a patient’s chronic pain complaint include: pain that occurs in mul-
tiple unrelated sites; a pattern of recurrent, but separate, pain problems
beginning in childhood or adolescence; pain beginning at a time of
emotional trauma, such as the loss of a parent or spouse; a history of
physical or sexual abuse; and past or present substance abuse.

On examination, special attention should be paid to whether the
patient guards the painful area and whether certain movements or pos-
tures are avoided because of pain. Discovering a mechanical compo-
nent to the pain can be useful both diagnostically and therapeutically.
Painful areas should be examined for deep tenderness, noting whether
this is localized to muscle, ligamentous structures, or joints. Chronic
myofascial pain is very common, and in these patients deep palpation
may reveal highly localized trigger points that are firm bands or knots
in muscle. Relief of the pain following injection of local anesthetic
into these trigger points supports the diagnosis. A neuropathic com-
ponent to the pain is indicated by evidence of nerve damage, such as
sensory impairment, exquisitely sensitive skin, weakness and muscle
atrophy, or loss of deep tendon reflexes. Evidence suggesting sym-
pathetic nervous system involvement includes the presence of diffuse
swelling, changes in skin color and temperature, and hypersensitive
skin and joint tenderness compared with the normal side. Relief of the
pain with a sympathetic block is diagnostic.

A guiding principle in evaluating patients with chronic pain is to
assess both emotional and organic factors before initiating therapy.
Addressing these issues together, rather than waiting to address emo-
tional issues after organic causes of pain have been ruled out, improves
compliance in part because it assures patients that a psychological
evaluation does not mean that the physician is questioning the validity
of their complaint. Even when an organic cause for a patient’s pain
can be found, it is still wise to look for other factors. For example, a
cancer patient with painful bony metastases may have additional pain
due to nerve damage and may also be depressed. Optimal therapy
requires that each of these factors be looked for and treated.

TREATMENT

Once the evaluation process has been completed and the likely caus-
ative and exacerbating factors identified, an explicit treatment plan
should be developed. An important part of this process is to identify
specific and realistic functional goals for therapy, such as getting a
good night’s sleep, being able to go shopping, or returning to work.
A multidisciplinary approach that utilizes medications, counseling,
physical therapy, nerve blocks, and even surgery may be required to
improve the patient’s quality of life. There are also some newer, rel-
atively invasive procedures that can be helpful for some patients with
intractable pain. These procedures include implanting intraspinal can-
nulae to deliver morphine or intraspinal electrodes for spinal stimu-
lation. There are no set criteria for predicting which patients will re-
spond to these procedures. They are generally reserved for patients
who have not responded to conventional pharmacologic approaches.
Referral to a multidisciplinary pain clinic for a full evaluation should
precede any of these procedures. Such referrals are clearly not nec-
essary for all chronic pain patients. For some, pharmacologic man-
agement alone can often provide adequate relief.

ANTIDEPRESSANT MEDICATIONS The tricyclic antidepressants (TCAs;
Table 11-1) are extremely useful for the management of patients with
chronic pain. Although developed for the treatment of depression, the
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tricyclics have a spectrum of dose-related biologic activities that in-
clude the production of analgesia in a variety of clinical conditions.
Although the mechanism is unknown, the analgesic effect of TCAs
has a more rapid onset and occurs at a lower dose than is typically
required for the treatment of depression. Furthermore, patients with
chronic pain who are not depressed obtain pain relief with antidepres-
sants. There is evidence that tricyclic drugs potentiate opioid analgesia,
so they are useful adjuncts for the treatment of severe persistent pain
such as occurs with malignant tumors. Table 11-2 lists some of the
painful conditions that respond to tricyclics. TCAs are of particular
value in the management of neuropathic pain such as occurs in diabetic
neuropathy and postherpetic neuralgia, for which there are few other
therapeutic options.

The TCAs that have been shown to relieve pain have significant
side effects (Table 11-1; Chap. 371). Some of these side effects, such
as orthostatic hypotension, cardiac conduction delay, memory impair-
ment, constipation, and urinary retention, are particularly problematic
in elderly patients, and several are additive to the side effects of opioid
analgesics. The serotonin-selective reuptake inhibitors such as fluox-
etine (Prozac) have fewer and less serious side effects than TCAs, but
they are much less effective for relieving pain. It is of interest that
venlafaxine (Effexor), a nontricyclic antidepressant that blocks both
serotonin and norepinephrine reuptake, appears to retain most of the
pain-relieving effect of TCAs with a side-effect profile more like that
of the serotonin-selective reuptake inhibitors. The drug may be partic-
ularly useful in patients who cannot tolerate the side effects of tri-
cyclics.

ANTICONVULSANTS AND ANTIARRHYTHMICS (Table 11-1) These drugs
are useful primarily for patients with neuropathic pain. Phenytoin (Di-
lantin) and carbamazepine (Tegretol) were first shown to relieve the
pain of trigeminal neuralgia. This pain has a characteristic brief, shoot-
ing, electric shock—like quality. In fact, anticonvulsants seem to be

TABLE 11-2  Painful Conditions that Respond to Tricyclic Antidepressants

Rheumatoid arthritis®?
Chronic low back pain®
Cancer

Central post-stroke pain

Postherpetic neuralgia®
Diabetic neuropathy*
Tension headache”
Migraine headache®

@ Controlled trials demonstrate analgesia.
> Controlled studies indicate benefit but not analgesia.

helpful largely for pains that have such a lancinating quality. A new-
generation anticonvulsant, gabapentin (Neurontin), is effective for a
broad range of neuropathic pains.

Antiarrhythmic drugs such as low-dose lidocaine and mexiletine
(Mexitil) can also be effective for neuropathic pain. These drugs block
the spontaneous activity of damaged primary afferent nociceptors.

CHRONIC OPIOID MEDICATION The long-term use of opioids is accepted
for patients with pain due to malignant disease. Although opioid use
for chronic pain of nonmalignant origin is controversial, it is clear that
for many such patients opioid analgesics are the best available option.
This is understandable since opioids are the most potent and have the
broadest range of efficacy of any analgesic medications. Although ad-
diction is rare in patients who first use opioids for pain relief, some
degree of tolerance and physical dependence are likely with long-term
use. Therefore, before embarking on opioid therapy, other options
should be explored, and the limitations and risks of opioids should be
explained to the patient. It is also important to point out that some
opioid analgesic medications have mixed agonist-antagonist properties
(e.g., pentazocine and butorphanol). From a practical standpoint, this
means that they may worsen pain by inducing an abstinence syndrome
in patients who are physically dependent on other opioid analgesics.

With long-term outpatient use of orally administered opioids, it is
desirable to use long-acting compounds such as levorphanol, metha-
done, or sustained-release morphine (Table 11-1). Transdermal fen-
tanyl is another excellent option. The pharmacokinetic profile of these
drug preparations enables prolonged pain relief, minimizes side effects
such as sedation that are associated with high peak plasma levels, and
reduces the likelihood of rebound pain associated with a rapid fall in
plasma opioid concentration. Constipation is a virtually universal side
effect of opioid use and should be treated expectantly.

It is worth emphasizing that many patients, especially those with
chronic pain, seek medical attention primarily because they are suf-
fering and because only physicians can provide the medications re-
quired for their relief. A primary responsibility of all physicians is to
minimize the physical and emotional discomfort of their patients. Fa-
miliarity with pain mechanisms and analgesic medications is an im-
portant step toward accomplishing this aim.

FURTHER READING
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CHEST DISCOMFORT

Chest discomfort is one of the most common challenges for clinicians
in the office or emergency department. The differential diagnosis in-
cludes conditions affecting organs throughout the thorax and abdomen,
with prognostic implications that vary from benign to life-threatening
(Table 12-1). Failure to recognize potentially serious conditions such
as acute ischemic heart disease, aortic dissection, tension pneumo-
thorax, or pulmonary embolism can lead to serious complications,
including death. Conversely, overly conservative management of low-
risk patients leads to unnecessary hospital admissions, tests, proce-
dures, and anxiety.

CAUSES OF CHEST DISCOMFORT

MYOCARDIAL ISCHEMIA AND INJURY (See also Chap. 226) Myocardial
ischemia occurs when the oxygen supply to the heart is not sufficient

TABLE 12-1 Differential Diagnoses of Patients Admitted to Hospital with Acute
Chest Pain Ruled Not Myocardial Infarction

Diagnosis Percent

Gastroesophageal disease” 42
Gastroesophageal reflux
Esophageal motility disorders
Peptic ulcer
Gallstones

Ischemic heart disease

Chest wall syndromes

Pericarditis

Pleuritis/pneumonia

Pulmonary embolism

Lung cancer

Aortic aneurysm

Aortic stenosis

Herpes zoster

= N W
——m DR

< In order of frequency.
Source: Fruergaard P et al: Eur Heart J 17:1028, 1996.



to meet metabolic needs. This mismatch can result from a decrease in
oxygen supply, a rise in demand, or both. The most common under-
lying cause of myocardial ischemia is obstruction of coronary arteries
by atherosclerosis; in the presence of such obstruction, transient is-
chemic episodes are usually precipitated by an increase in oxygen
demand as a result of physical exertion. However, ischemia can also
result from psychological stress, fever, or large meals or from com-
promised oxygen delivery due to anemia, hypoxia, or hypotension.
Ventricular hypertrophy due to valvular heart disease, hypertrophic
cardiomyopathy, or hypertension can predispose the myocardium to
ischemia because of impaired penetration of blood flow from epicar-
dial coronary arteries to the endocardium.

Angina Pectoris The chest discomfort of myocardial ischemia is a vis-
ceral discomfort that is usually described as a heaviness, pressure, or
squeezing (Table 12-2). Other common adjectives for anginal pain are
burning and aching. Some patients deny any “pain” but may admit to
dyspnea or a vague sense of anxiety. The word “sharp” is sometimes
used by patients to describe intensity rather than quality.

The location of angina pectoris is usually retrosternal; most patients
do not localize the pain to any small area. The discomfort may radiate
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to the neck, jaw, teeth, arms, or shoulders, reflecting the common
origin in the posterior horn of the spinal cord of sensory neurons sup-
plying the heart and these areas. Some patients present with aching in
sites of radiated pain as their only symptoms of ischemia. Occasional
patients report epigastric distress with ischemic episodes. Less com-
mon is radiation to below the umbilicus or to the back.

Stable angina pectoris usually develops gradually with exertion,
emotional excitement, or after heavy meals. Rest or treatment with
sublingual nitroglycerin typically leads to relief within several min-
utes. In contrast, pain that is fleeting (lasting only a few seconds) is
rarely ischemic in origin. Similarly, pain that lasts for several hours is
unlikely to represent angina, particularly if the patient’s electrocardi-
ogram does not show evidence of ischemia.

Anginal episodes can be precipitated by any physiologic or psy-
chological stress that induces tachycardia. Most myocardial perfusion
occurs during diastole, when there is minimal pressure opposing cor-
onary artery flow from within the left ventricle. Since tachycardia de-
creases the percentage of the time in which the heart is in diastole, it
decreases myocardial perfusion.

TABLE 12-2 Typical Clinical Features of Major Causes of Acute Chest Discomfort

Condition

Duration

Quality

Location

Associated Features

Angina

Unstable angina

Acute myocardial
infarction

Aortic stenosis

Pericarditis

Aortic dissection

Pulmonary embolism

Pulmonary hypertension

Pneumonia or pleuritis

Spontaneous
pneumothorax

Esophageal reflux

Esophageal spasm

Peptic ulcer
Gallbladder disease

Musculoskeletal disease
Herpes zoster

Emotional and
psychiatric conditions

More than 2 and less
than 10 min

10—20 min

Variable; often more than
30 min

Recurrent episodes as
described for angina

Hours to days; may be
episodic

Abrupt onset of
unrelenting pain

Abrupt onset; several
minutes to a few hours
Variable

Variable

Sudden onset; several
hours

10—60 min

2-30 min

Prolonged
Prolonged

Variable

Variable
Variable; may be fleeting

Pressure, tightness,
squeezing, heaviness,
burning

Similar to angina but
often more severe

Similar to angina but
often more severe

As described for angina

Sharp

Tearing or ripping
sensation; knifelike

Pleuritic

Pressure

Pleuritic

Pleuritic

Burning

Pressure, tightness,
burning

Burning

Burning, pressure

Aching

Sharp or burning
Variable

Retrosternal, often with
radiation to or isolated
discomfort in neck, jaw,
shoulders, or arms—
frequently on left

Similar to angina

Similar to angina

As described for angina

Retrosternal or toward
cardiac apex; may
radiate to left shoulder

Anterior chest, often
radiating to back,
between shoulder
blades

Often lateral, on the side
of the embolism
Substernal

Unilateral, often localized

Lateral to side of
pneumothorax
Substernal, epigastric

Retrosternal

Epigastric, substernal
Epigastric, right upper

quadrant, substernal
Variable

Dermatomal distribution
Variable; may be retro-
sternal

Precipitated by exertion, exposure to
cold, psychologic stress

S4 gallop or mitral regurgitation
murmur during pain

Similar to angina, but occurs with
low levels of exertion or even at
rest

Unrelieved by nitroglycerin

May be associated with evidence of
heart failure or arrhythmia

Late-peaking systolic murmur
radiating to carotid arteries

May be relieved by sitting up and
leaning forward

Pericardial friction rub

Associated with hypertension and/or
underlying connective tissue
disorder, e.g., Marfan syndrome

Murmur of aortic insufficiency,
pericardial rub, pericardial
tamponade, or loss of peripheral
pulses

Dyspnea, tachypnea, tachycardia,
and hypotension

Dyspnea, signs of increased venous
pressure including edema and
jugular venous distention

Dyspnea, cough, fever, rales,
occasional rub

Dyspnea, decreased breath sounds
on side of pneumothorax

Worsened by postprandial
recumbency

Relieved by antacids

Can closely mimic angina

Relieved with food or antacids
May follow meal

Aggravated by movement

May be reproduced by localized
pressure on examination

Vesicular rash in area of discomfort

Situational factors may precipitate
symptoms

Anxiety or depression often
detectable with careful history
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Unstable Angina and Myocardial Infarction (See also Chaps. 227 and 228)
Patients with these acute ischemic syndromes usually complain of
symptoms similar in quality to angina pectoris, but more prolonged
and severe. The onset of these syndromes may occur with the patient
at rest, or awakened from sleep, and sublingual nitroglycerin may lead
to transient or no relief. Accompanying symptoms may include dia-
phoresis, dyspnea, nausea, and light-headedness.

The physical examination may be completely normal in patients
with chest discomfort due to ischemic heart disease. Careful auscul-
tation during ischemic episodes may reveal a third or fourth heart
sound, reflecting myocardial systolic or diastolic dysfunction. A tran-
sient murmur of mitral regurgitation suggests ischemic papillary mus-
cle dysfunction. Severe episodes of ischemia can lead to pulmonary
congestion and even pulmonary edema.

Other Cardiac Causes Myocardial ischemia caused by hypertrophic car-
diomyopathy, aortic stenosis, or other conditions leads to angina pec-
toris similar to that caused by coronary atherosclerosis. In such cases,
a systolic murmur or other findings usually suggest the abnormalities
other than coronary atherosclerosis that may be contributing to the
patient’s symptoms. Some patients with chest pain and normal coro-
nary angiograms have functional abnormalities of the coronary circu-
lation, ranging from coronary spasm visible on coronary angiography
to abnormal vasodilator responses and heightened vasoconstrictor re-
sponses. The term “Syndrome X” is used to describe patients with
angina-like chest pain and ischemic-appearing ST segment depression
during stress despite normal coronary arteriograms. Some data indicate
that many such patients have limited changes in coronary flow in re-
sponse to pacing stress or coronary vasodilators. Despite the possibil-
ity that chest pain may be due to myocardial ischemia in such patients,
their prognosis is excellent.

PERICARDITIS (See also Chap. 222) The pain in pericarditis is believed
to be due to inflammation of the adjacent parietal pleura, since most
of the pericardium is believed to be insensitive to pain. Thus, infectious
pericarditis, which usually involves adjoining pleura surfaces, tends to
be associated with pain, while conditions that cause only local inflam-
mation (e.g., myocardial infarction or uremia) and cardiac tamponade
tend to result in mild or no chest pain.

The adjacent parietal pleura receives its sensory supply from sev-
eral sources, so the pain of pericarditis can be experienced in areas
ranging from the shoulder and neck to the abdomen and back. Most
typically, the pain is retrosternal and is aggravated by coughing, deep
breaths, or changes in position—all of which lead to movements of
pleural surfaces. The pain is often worse in the supine position and
relieved by sitting upright and leaning forward. Less common is a
steady aching discomfort that mimics acute myocardial infarction.

DISEASES OF THE AORTA (See also Chap. 231) Aortic dissection is a
potentially catastrophic condition that is due to spread within the wall
of the aorta of a subintimal hematoma. The hematoma may begin with
a tear in the intima of the aorta or with rupture of the vasa vasorum
within the aortic media. This syndrome can occur with trauma to the
aorta, including motor vehicle accidents or medical procedures in
which catheters or intraaortic balloon pumps damage the intima of the
aorta. Nontraumatic aortic dissections are rare in the absence of hy-
pertension and/or conditions associated with deterioration of the elastic
or muscular components of the media within the aorta’s wall. Cystic
medial degeneration is a feature of several inherited connective tissue
diseases, including Marfan and Ehlers-Danlos syndromes. About half
of all aortic dissections in women under 40 years of age occur during
pregnancy.

Almost all patients with acute dissections present with severe chest
pain, although some patients with chronic dissections are identified
without associated symptoms. Unlike the pain of ischemic heart dis-
ease, symptoms of aortic dissection tend to reach peak severity im-
mediately, often causing the patient to collapse from its intensity. The
adjectives used to describe the pain reflect the process occurring within

the wall of the aorta— “ripping” and “tearing”—and the location usu-
ally correlates with the site and extent of the dissection. Thus, dissec-
tions that begin in the ascending aorta and extend to the descending
aorta tend to cause pain in the front of the chest that extends into the
back, between the shoulder blades.

Physical findings may also reflect extension of the aortic dissection
that compromises flow into arteries branching off the aorta. Thus, loss
of a pulse in one or both arms, cerebrovascular accident, or paraplegia
can all be catastrophic consequences of aortic dissection. Hematomas
that extend proximally and undermine the coronary arteries or aortic
valve apparatus may lead to acute myocardial infarction or acute aortic
insufficiency. Rupture of the hematoma into the pericardial space leads
to pericardial tamponade.

Another abnormality of the aorta that can cause chest pain is a
thoracic aortic aneurysm. Aortic aneurysms are frequently asympto-
matic but can cause chest pain and other symptoms by compressing
adjacent structures. This pain tends to be steady, deep, and sometimes
severe.

PULMONARY EMBOLISM (See also Chap. 244) Chest pain due to pul-
monary embolism is believed to be due to distention of the pulmonary
artery or infarction of a segment of the lung adjacent to the pleura.
Massive pulmonary emboli may lead to substernal pain that is sug-
gestive of acute myocardial infarction. More commonly, smaller em-
boli lead to focal pulmonary infarctions that cause pain that is lateral
and pleuritic. Associated symptoms include dyspnea and, occasionally,
hemoptysis. Tachycardia is usually present. Although not always
present, certain characteristic ECG changes can support the diagnosis.

PNEUMOTHORAX (See also Chap. 245) Sudden onset of pleuritic chest
pain and respiratory distress should lead to consideration of sponta-
neous pneumothorax, as well as pulmonary embolism. Such events
may occur without a precipitating event in people without lung disease,
or as a consequence of underlying lung disorders.

PNEUMONIA OR PLEURITIS (See also Chaps. 239 and 245) Lung diseases
that damage and cause inflammation of the pleura of the lung usually
cause a sharp, knifelike pain that is aggravated by inspiration or
coughing.

GASTROINTESTINAL CONDITIONS (See also Chap. 273) Esophageal pain
from acid reflux from the stomach, spasm, obstruction, or injury can
be difficult to discern from myocardial syndromes. Acid reflux typi-
cally causes a deep burning discomfort that may be exacerbated by
alcohol, aspirin, or some foods; this discomfort is often relieved by
antacid or other acid-reducing therapies. Acid reflux tends to be ex-
acerbated by lying down and may be worse in early morning when the
stomach is empty of food that might otherwise absorb gastric acid.

Esophageal spasm may occur in the presence or absence of acid
reflux, and leads to a squeezing pain indistinguishable from angina.
Prompt relief of esophageal spasm is often provided by antianginal
therapies such as sublingual nifedipine, further promoting confusion
between these syndromes. Chest pain can also result from injury to
the esophagus, such as a Mallory-Weiss tear caused by severe vom-
iting.

Chest pain can result from diseases of the gastrointestinal tract
below the diaphragm, including peptic ulcer disease, biliary disease,
and pancreatitis. These conditions usually cause abdominal pain as
well as chest discomfort; symptoms are not likely to be associated
with exertion. The pain of ulcer disease typically occurs 60 to 90 min
after meals, when postprandial acid production is no longer neutralized
by food in the stomach. Cholecystitis usually causes a pain that is
described as aching, occurring an hour or more after meals.

NEUROMUSCULOSKELETAL CONDITIONS Cervical disk disease can cause
chest pain by compression of nerve roots. Pain in a dermatomal dis-
tribution can also be caused by intercostal muscle cramps or by herpes
zoster. Chest pain symptoms due to herpes zoster may occur before
skin lesions are apparent.

Costochondral and chondrosternal syndromes are the most com-
mon causes of anterior chest musculoskeletal pain. Only occasionally



are physical signs of costochondritis such as swelling, redness, and
warmth (Tietze’s syndrome) present. The pain of such syndromes is
usually fleeting and sharp, but some patients experience a dull ache
that lasts for hours. Direct pressure on the chondrosternal and costo-
chondral junctions may reproduce the pain from these and other mus-
culoskeletal syndromes. Arthritis of the shoulder and spine and bursitis
may also cause chest pain. Some patients who have these conditions
and myocardial ischemia blur and confuse symptoms of these syn-
dromes.

EMOTIONAL AND PSYCHIATRIC CONDITIONS As many as 10% of patients
who present to emergency departments with acute chest pain have
panic disorder or other emotional conditions. The symptoms in these
populations are highly variable, but frequently the discomfort is de-
scribed as visceral tightness or aching that lasts more than 30 min.
Some patients offer other atypical descriptions, such as pain that is
fleeting, sharp, and/or localized to a small region. The electrocardio-
gram in patients with emotional conditions may be difficult to interpret
if hyperventilation causes ST-T-wave abnormalities. A careful history
may elicit clues of depression, prior panic attacks, somatization,
agoraphobia, or other phobias.

APPROACH TO THE PATIENT

The evaluation of the patient with chest discomfort must accom-
modate two goals—determining the diagnosis and assessing the
safety of the immediate management plan. The latter issue is often
dominant when the patient has acute chest discomfort, such as pa-
tients seen in the emergency department. In such settings, the cli-
nician must focus first on identifying patients who require
aggressive interventions to diagnose or manage potentially
life-threatening conditions, including acute ischemic heart disease,
acute aortic dissection, pulmonary embolism, and tension pneu-
mothorax. If such conditions are unlikely, the clinician must ad-
dress questions such as the safety of discharge to home, admission
to a non-coronary care unit facility, or immediate exercise testing.
Table 12-3 displays a sequence of questions that can be used in the
evaluation of the patient with chest discomfort, with the diagnostic
entities that are most important for consideration at each stage of
the evaluation.

ACUTE CHEST DISCOMFORT In patients with acute chest discomfort,
the clinician must first assess the patient’s respiratory and hemo-
dynamic status. If either is compromised, initial management
should focus on stabilizing the patient before the diagnostic eval-
uation is pursued. If, however, the patient does not require emer-
gent interventions, then a focused history, physical examination,

TABLE 12-3 Considerations in the Assessment of the Patient with Chest Pain

1. Could the chest discomfort be due to an acute, potentially life-
threatening condition that warrants immediate hospitalization and
aggressive evaluation?

Acute ischemic heart disease Pulmonary embolism
Aortic dissection Spontaneous pneumothorax

2. If not, could the discomfort be due to a chronic condition likely to

lead to serious complications?
Stable angina
Aortic stenosis
Pulmonary hypertension

3. If not, could the discomfort be due to an acute condition that warrants

specific treatment?

Pericarditis
Pneumonia/pleuritis
Herpes zoster

4. If not, could the discomfort be due to another treatable chronic
condition?
Esophageal reflux
Esophageal spasm
Peptic ulcer disease
Gallbladder disease
Other gastrointestinal conditions

Cervical disk disease

Arthritis of the shoulder or spine
Costochondritis

Other musculoskeletal disorders
Anxiety state
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and laboratory evaluation should be performed to assess the pa-
tient’s risk of life-threatening conditions.

The history should include questions about the quality and lo-
cation of the chest discomfort (Table 12-2). The patient should also
be asked about the nature of onset of the pain and its duration.
Myocardial ischemia is usually associated with a gradual intensi-
fication of symptoms over a period of minutes. Pain that is fleeting
or that lasts hours without being associated with electrocardio-
graphic changes is not likely to be ischemic in origin. Although
the presence of risk factors for coronary artery disease may
heighten concern for this diagnosis, the absence of such risk factors
does not lower the risk for myocardial ischemia enough to be used
to justify a decision to discharge a patient.

Wide radiation of chest pain increases probability that pain is
due to myocardial infarction. Radiation of chest pain to the left arm
is common with acute ischemic heart disease, but radiation to the
right arm is also consistent with this diagnosis. Right shoulder pain
is common with acute cholecystitis, but this syndrome is usually
accompanied by pain that is located in the abdomen rather than
chest. Chest pain that radiates between the scapulae raises the ques-
tion of aortic dissection.

The physical examination should include evaluation of blood
pressure in both arms and of pulses in both legs. Poor perfusion of
a limb may be due to an aortic dissection that has compromised
flow to an artery branching from the aorta. Chest auscultation may
reveal diminished breath sounds; a pleural rub; or evidence of pneu-
mothorax, pulmonary embolism, pneumonia, or pleurisy. Tension
pneumothorax may lead to a shift in the trachea from the midline,
away from the side of the pneumothorax. The cardiac examination
should seek pericardial rubs, systolic and diastolic murmurs, and
third or fourth heart sounds. Pressure on the chest wall may repro-
duce symptoms in patients with musculoskeletal causes of chest
pain; it is important that the clinician ask the patient if the chest
pain syndrome is being completely reproduced before drawing too
much reassurance that more serious underlying conditions are not
present.

An electrocardiogram is an essential test for adults with chest
discomfort that is not due to an obvious traumatic cause. In such
patients, the presence of electrocardiographic changes consistent
with ischemia or infarction (Chap. 210) is associated with high
risks of acute myocardial infarction or unstable angina (Table 12-
4); such patients should be admitted to a unit with electrocardio-
graphic monitoring and the capacity to respond to a cardiac arrest.
The absence of such changes does not exclude acute ischemic heart

TABLE 12-4  Prevalence of Myocardial Infarction and Unstable Angina Among
Subsets of Patients with Acute Chest Pain in the Emergency Department

Prevalence
Myocardial Unstable
Finding Infarction, % Angina, %
ST elevation (=1 mm) or Q waves on 79 12
ECG not known to be old
Ischemia or strain on ECG not known 20 41

to be old (ST depression =1 mm or
ischemic T waves)
None of the preceding ECG changes 4 51
but a prior history of angina or
myocardial infarction (history of
heart attack or nitroglycerin use)
None of the preceding ECG changes 2 14
and no prior history of angina or
myocardial infarction (history of
heart attack or nitroglycerin use)

Note: ECG, electrocardiogram.
Source: Unpublished data from Brigham and Women’s Hospital Chest Pain Study, 1997—
1999.
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disease, but the risk of life-threatening complications is low for
patients with normal electrocardiograms or only nonspecific ST-T-
wave changes. If these patients are not considered appropriate for
immediate discharge, they are often candidates for early or im-
mediate exercise testing.

Markers of myocardial injury are often obtained in the emer-
gency department evaluation of acute chest discomfort. The most
commonly used markers are creatine kinase (CK), CK-MB, and the
cardiac troponins (I and T). Rapid bedside assays of the cardiac
troponins have been developed and shown to be sufficiently ac-
curate to predict prognosis and guide management. Some data sup-
port the use of other markers, such as serum myoglobin, C-reactive
protein (CRP), and B-type natriuretic peptide (BNP); their roles are
the subject of ongoing research. Single values of any of these mark-
ers do not have high sensitivity for acute myocardial infarction or
for prediction of complications. Hence, decisions to discharge pa-
tients home should not be made on the basis of single negative
values of these tests.

Provocative tests for coronary artery disease are not appropriate
for patients with ongoing chest pain. In such patients, rest myo-
cardial perfusion scans can be considered; a normal scan reduces
the likelihood of coronary artery disease, and can help avoid ad-
mission of low-risk patients to the hospital. Clinicians frequently
employ therapeutic trials with sublingual nitroglycerin or antacids
or, in the stable patient seen in the office setting, a proton pump
inhibitor. A common error is to assume that a response to any of
these interventions clarifies the diagnosis. While such information
is often helpful, the patient’s response may be due to the placebo
effect. Hence, myocardial ischemia should never be considered ex-
cluded solely because of a response to antacid therapy. Similarly,
failure of nitroglycerin to relieve pain does not exclude the diag-
nosis of coronary disease.

If the patient’s history or examination is consistent with aortic
dissection, imaging studies to evaluate the aorta must be pursued
promptly because of the high risk of catastrophic complications
with this condition. A chest x-ray is not sufficient to exclude this
diagnosis. Appropriate tests include a chest computed tomography
scan with contrast or a magnetic resonance imaging scan in patients
who are hemodynamically stable, or a transesophageal echocardi-
ogram in patients who are less stable. Aortic angiography is no
longer a first test at most institutions.

Acute pulmonary embolism should be considered in patients
with respiratory symptoms, pleuritic chest pain, hemoptysis, or a
history of venous thromboembolism or coagulation abnormalities.
Initial tests usually include a lung scan and/or pulmonary arteri-
ography.

If patients with acute chest discomfort show no evidence of life-
threatening conditions, the clinician should then focus on serious
chronic conditions with the potential to cause major complications,
the most common of which is stable angina. Early use of exercise
electrocardiography, stress echocardiography, or stress perfusion
imaging for such patients, whether in the office or the emergency
department, is now an accepted management strategy for low-risk
patients. Exercise testing is not appropriate, however, for patients
who (1) report pain that is believed to be ischemic occurring at rest
or (2) have electrocardiographic changes not known to be old that
are consistent with ischemia.

Patients with sustained chest discomfort who do not have evi-
dence for life-threatening conditions should be evaluated for evi-
dence of conditions likely to benefit from acute treatment (Table
12-3). Pericarditis may be suggested by the history, physical ex-
amination, and electrocardiogram (Table 12-2). Clinicians should
carefully assess blood pressure patterns and consider echocardi-
ography in such patients to detect evidence of impending pericar-
dial tamponade. Chest x-rays can be used to evaluate the possibility
of pulmonary disease.

GUIDELINES AND CRITICAL PATHWAYS FOR ACUTE CHEST PAIN

Guidelines for the initial evaluation for patients with acute chest pain
have been developed by the American College of Cardiology, Amer-
ican Heart Association, and other organizations. These guidelines rec-
ommend performance of an electrocardiogram for virtually all patients
with chest pain who do not have an obvious noncardiac cause of their
pain, and performance of a chest x-ray for patients with signs or symp-
toms consistent with congestive heart failure, valvular heart disease,
pericarditial disease, or aortic dissection or aneurysm.

Other organizations, including the Agency for Health Care Policy
and Research (AHCPR) and the National Heart Attack Alert Program,
have also issued guidelines for management of patients with a high
probability of acute ischemic heart disease. In these and other guide-
lines, patients with possible or probable acute myocardial infarction
as suggested by the description of their pain or ECG findings are ex-
pected to be admitted to the hospital. The AHCPR guidelines for un-
stable angina note that not all patients with that syndrome require
admission but recommend that patients with unstable angina be mon-
itored electrocardiographically during their evaluation; that those with
ongoing rest pain should be placed at bed rest during the initial phase
of stabilization.

The American Heart Association has published guidelines for the
use of exercise testing in the emergency department. These recom-
mendations include having two sets of cardiac enzymes or troponins
at 4-h intervals that are normal; an ECG at presentation and preexercise
ECG that shows no significant change; absence of rest ECG abnor-
malities that preclude accurate interpretation of an exercise ECG;
and absence of ischemic chest pain at the time of exercise testing or
during the observation period after admission to the emergency de-
partment.

Many medical centers have adopted critical pathways and other
forms of guidelines to increase efficiency and to expedite the treatment
of patients with high-risk acute ischemic heart disease syndromes.
These guidelines emphasize the following strategies:

* Rapid identification and treatment of patients for whom emergent
reperfusion therapy, either via percutaneous coronary interventions
or thrombolytic agents, is likely to lead to improved outcomes.

* Triage to non-coronary care unit monitored facilities such as inter-
mediate care units or chest pain units of patients with a low risk
for complications, such as patients without new ischemic changes
on their electrocardiograms and without ongoing chest pain. Such
patients can usually be safely observed in non-coronary care unit
settings, undergo early exercise testing, or be discharged home.
Risk stratification can be assisted through use of prospectively val-
idated multivariate algorithms that have been published for acute
ischemic heart disease and its complications.

¢ Shortening lengths of stay in the coronary care unit and hospital.
Recommendations regarding the minimum length of stay in a mon-
itored bed for a patient who has no further symptoms have de-
creased in recent years to 12 h or less if exercise testing or other
risk stratification technologies are available.

NONACUTE CHEST DISCOMFORT

The management of patients who do not require admission to the hos-
pital or who no longer require inpatient observation should seek to
identify the cause of the symptoms and the likelihood of major com-
plications. Cost-effectiveness analyses support use of noninvasive test-
ing for coronary disease, such as exercise electrocardiography and
stress echocardiography. These tests serve both to diagnose coronary
disease and to identify patients with high-risk forms of coronary dis-
ease who may benefit from revascularization. Gastrointestinal causes
of chest pain can be evaluated via endoscopy or radiology studies, or
with trials of medical therapy. Emotional and psychiatric conditions
warrant appropriate evaluation and treatment; randomized trial data
indicate that cognitive therapy and group interventions lead to de-
creases in symptoms for such patients.



PALPITATIONS

Palpitations are characterized by an awareness of the beating of the
heart. Patients commonly describe “pounding” or “fluttering” heart
beats or report a sensation that the heart is stopping or skipping beats.
These symptoms may be caused by a change in the heart’s rhythm or
rate or by an increase in the force of its contractions. In many cases,
this awareness reflects lack of competing sensory stimuli, such as when
a person is lying in bed, unable to sleep.

Palpitations are often manifestations of psychiatric conditions, the
most common of which are depression and panic disorder. For ex-
ample, in one study of outpatients referred for ambulatory electrocar-
diographic monitoring to evaluate palpitations, 19% were found to
have a psychiatric disorder. Patients with psychiatric disorders were
more likely than other patients to report that their palpitations lasted
longer than 15 min or were accompanied by ancillary symptoms. In
this study, physicians usually recognized the emotional basis of the
patients’ symptoms but frequently did not refer the patient for specific
therapy.

Palpitations can also be caused by virtually any cardiac arrhythmia
as well as by other cardiac and noncardiac conditions. A markedly
enlarged left ventricle can cause awareness of the heart beat by contact
with the chest wall. Any condition associated with increased cate-
cholamine levels can lead to palpitations both by increasing the force-
fulness of cardiac contractions and by increasing the rate of premature
beats.

Palpitations can be intermittent or sustained and regular or irreg-
ular. Patients with this complaint should be asked to describe their
palpitations’ onset, duration, associated symptoms, and the circum-
stances in which they occur. Abrupt onset and termination after several
minutes may reflect a sustained ventricular or supraventricular tachy-
arrhythmia. Gradual onset and termination of a pounding heart beat is
more consistent with sinus tachycardia. Patients should try to replicate
the rhythm of their palpitations by tapping on a table. This maneuver
can help the physician determine the nature of any cardiac arrhythmia.
Patients should also be taught to take their pulse so that they can more
accurately report their approximate heart rate and whether the rhythm
was regular.

DIFFERENTIAL DIAGNOSIS

Patients who report “skipped” beats or a “flopping” sensation often
have atrial or ventricular extrasystoles (Chap. 214). These premature
beats are followed by a compensatory pause, and the first heart beat
after the pause may be unusually strong due to increased left ventric-
ular volume and enhanced contractility (a phenomenon called postex-
trasystolic potentiation). Sustained bursts of rapid heart beats may be
due to ventricular or supraventricular tachyarrhythmias. A sustained
irregular thythm suggests atrial fibrillation.

Conditions that cause marked left ventricular enlargement such as
aortic regurgitation can cause an awareness of the heart beat that is
sometimes positional. Presumably because of associated arrhythmias,
hypertrophic cardiomyopathy, mitral valve prolapse, and other cardiac
structural abnormalities are also associated with palpitations.

Palpitations can also be a prominent symptom in noncardiac con-
ditions, including thyrotoxicosis, hypoglycemia, pheochromocytoma,
and fever. The physiologic basis of palpitations with these conditions
is either arrhythmia or increased catecholamine levels leading to
greater myocardial contractility. Drugs that can precipitate arrhythmias
and palpitations include tobacco, coffee, tea, alcohol, epinephrine,
ephedrine, aminophylline, and atropine.
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APPROACH TO THE PATIENT

The first goal in the evaluation of patients with palpitations is to
exclude the possibility of life-threatening arrhythmias. The risk for
such arrhythmias is highest in patients with coronary artery disease,
congestive heart failure, or other structural cardiac abnormalities.
The history, physical examination, and electrocardiogram should
therefore be focused on stratifying patients according to the risk of
such conditions. Palpitations are also more likely to reflect serious
arrhythmias if they are associated with symptoms that suggest he-
modynamic compromise, such as syncope, light-headedness, diz-
ziness, or shortness of breath.

The most common first test after the initial evaluation of pal-
pitations is continuous electrocardiographic (Holter) monitoring.
This test is especially useful if patients have unexplained palpita-
tions that recur frequently. For patients with more sporadic palpi-
tations, a variety of new technologies have become available to
allow capture of ECG tracings at the time of their symptoms. These
technologies include loop recorders, that can freeze the last several
minutes of data when the patient presses a button, and telephonic
monitors, which can be used to “call in” tracings when symptoms
occur. For patients who require very long-term monitoring, im-
plantable loop recorders are available. If episodes are associated
with physical stress, exercise electrocardiography can be used in
an attempt to elicit an arrhythmia.

Most patients with palpitations do not have evidence of major
arrhythmias or abnormal physiologic conditions associated with
increased catecholamine levels. Patients with emotional or psycho-
logical causes of palpitations should be evaluated for possible cog-
nitive and pharmaceutical therapy. Drugs and medications that may
precipitate palpitations should be eliminated or reduced. A trial of
beta blockers is often successful in reducing premature beats and
symptoms. Regardless of the cause and treatment, the clinician
should remain aware that palpitations are extremely bothersome
symptoms for patients. Reassurance that a comprehensive evalua-
tion has been performed and that the palpitations do not adversely
affect the patient’s prognosis is a critical part of the patient’s care.
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ABDOMINAL PAIN

William Silen

The correct interpretation of acute abdominal pain is challenging.
Since proper therapy may require urgent action, the unhurried ap-
proach suitable for the study of other conditions is sometimes denied.
Few other clinical situations demand greater judgment, because the
most catastrophic of events may be forecast by the subtlest of symp-
toms and signs. A meticulously executed, detailed history and physical
examination are of great importance. The etiologic classification in
Table 13-1, although not complete, forms a useful basis for the eval-
uation of patients with abdominal pain.

The diagnosis of “acute or surgical abdomen” is not an acceptable
one because of its often misleading and erroneous connotation. The
most obvious of “acute abdomens” may not require operative inter-
vention, and the mildest of abdominal pains may herald an urgently
correctable lesion. Any patient with abdominal pain of recent onset
requires early and thorough evaluation and accurate diagnosis.

SOME MECHANISMS OF PAIN ORIGINATING IN THE ABDOMEN m Inflammation
of the Parietal Peritoneum The pain of parietal peritoneal inflammation
is steady and aching in character and is located directly over the in-
flamed area, its exact reference being possible because it is transmitted
by somatic nerves supplying the parietal peritoneum. The intensity of
the pain is dependent on the type and amount of material to which the
peritoneal surfaces are exposed in a given time period. For example,
the sudden release into the peritoneal cavity of a small quantity of
sterile acid gastric juice causes much more pain than the same amount

TABLE 13-1 Some Important Causes of Abdominal Pain
PAIN ORIGINATING IN THE ABDOMEN

1. Parietal peritoneal inflammation
a. Bacterial contamination, e.g., perforated appendix, pelvic inflam-
matory disease
b. Chemical irritation, e.g., perforated ulcer, pancreatitis, mittelschmerz
2. Mechanical obstruction of hollow viscera
a. Obstruction of the small or large intestine
b. Obstruction of the biliary tree
c. Obstruction of the ureter
3. Vascular disturbances
a. Embolism or thrombosis
b. Vascular rupture
c. Pressure or torsional occlusion
d. Sickle cell anemia
4. Abdominal wall
a. Distortion or traction of mesentery
b. Trauma or infection of muscles
5. Distention of visceral surfaces, e.g., hepatic or renal capsules

PAIN REFERRED FROM EXTRAABDOMINAL SOURCE

1. Thorax, e.g., pneumonia, referred pain from coronary occlusion
2. Spine, e.g., radiculitis from arthritis, herpes zoster
3. Genitalia, e.g., torsion of the testicle

METABOLIC CAUSES

1. Exogenous
a. Black widow spider bite
b. Lead poisoning and others
2. Endogenous
a. Uremia
b. Diabetic ketoacidosis
c. Porphyria
d. Allergic factors (C'1 esterase inhibitor deficiency)

NEUROGENIC CAUSES

1. Organic

a. Tabes dorsalis

b. Herpes zoster

c. Causalgia and others
2. Functional
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of grossly contaminated neutral feces. Enzymatically active pancreatic
juice incites more pain and inflammation than does the same amount
of sterile bile containing no potent enzymes. Blood and urine are often
so bland as to go undetected if their contact with the peritoneum has
not been sudden and massive. In the case of bacterial contamination,
such as in pelvic inflammatory disease, the pain is frequently of low
intensity early in the illness until bacterial multiplication has caused
the elaboration of irritating substances.

The rate at which the irritating material is applied to the peritoneum
is important. Perforated peptic ulcer may be associated with entirely
different clinical pictures dependent only on the rapidity with which
the gastric juice enters the peritoneal cavity.

The pain of peritoneal inflammation is invariably accentuated by
pressure or changes in tension of the peritoneum, whether produced
by palpation or by movement, as in coughing or sneezing. The patient
with peritonitis lies quietly in bed, preferring to avoid motion, in con-
trast to the patient with colic, who may writhe incessantly.

Another characteristic feature of peritoneal irritation is tonic reflex
spasm of the abdominal musculature, localized to the involved body
segment. The intensity of the tonic muscle spasm accompanying peri-
toneal inflammation is dependent on the location of the inflammatory
process, the rate at which it develops, and the integrity of the nervous
system. Spasm over a perforated retrocecal appendix or perforated
ulcer into the lesser peritoneal sac may be minimal or absent because
of the protective effect of overlying viscera. A slowly developing pro-
cess often greatly attenuates the degree of muscle spasm. Catastrophic
abdominal emergencies such as a perforated ulcer may be associated
with minimal or no detectable pain or muscle spasm in obtunded,
seriously ill, debilitated elderly patients or in psychotic patients.

Obstruction of Hollow Viscera The pain of obstruction of hollow abdom-
inal viscera is classically described as intermittent, or colicky. Yet the
lack of a truly cramping character should not be misleading, because
distention of a hollow viscus may produce steady pain with only very
occasional exacerbations. It is not nearly as well localized as the pain
of parietal peritoneal inflammation.

The colicky pain of obstruction of the small intestine is usually
periumbilical or supraumbilical and is poorly localized. As the intes-
tine becomes progressively dilated with loss of muscular tone, the
colicky nature of the pain may diminish. With superimposed stran-
gulating obstruction, pain may spread to the lower lumbar region if
there is traction on the root of the mesentery. The colicky pain of
colonic obstruction is of lesser intensity than that of the small intestine
and is often located in the infraumbilical area. Lumbar radiation of
pain is common in colonic obstruction.

Sudden distention of the biliary tree produces a steady rather than
colicky type of pain; hence the term biliary colic is misleading. Acute
distention of the gallbladder usually causes pain in the right upper
quadrant with radiation to the right posterior region of the thorax or
to the tip of the right scapula, and distention of the common bile duct
is often associated with pain in the epigastrium radiating to the upper
part of the lumbar region. Considerable variation is common, however,
so that differentiation between these may be impossible. The typical
subscapular pain or lumbar radiation is frequently absent. Gradual dil-
atation of the biliary tree, as in carcinoma of the head of the pancreas,
may cause no pain or only a mild aching sensation in the epigastrium
or right upper quadrant. The pain of distention of the pancreatic ducts
is similar to that described for distention of the common bile duct but,
in addition, is very frequently accentuated by recumbency and relieved
by the upright position.

Obstruction of the urinary bladder results in dull suprapubic pain,
usually low in intensity. Restlessness without specific complaint of
pain may be the only sign of a distended bladder in an obtunded
patient. In contrast, acute obstruction of the intravesicular portion
of the ureter is characterized by severe suprapubic and flank pain that
radiates to the penis, scrotum, or inner aspect of the upper thigh. Ob-
struction of the ureteropelvic junction is felt as pain in the costover-
tebral angle, whereas obstruction of the remainder of the ureter is as-



sociated with flank pain that often extends into the same side of the
abdomen.

Vascular Disturbances A frequent misconception, despite abundant ex-
perience to the contrary, is that pain associated with intraabdominal
vascular disturbances is sudden and catastrophic in nature. The pain
of embolism or thrombosis of the superior mesenteric artery or that of
impending rupture of an abdominal aortic aneurysm certainly may be
severe and diffuse. Yet, just as frequently, the patient with occlusion
of the superior mesenteric artery has only mild continuous diffuse pain
for 2 or 3 days before vascular collapse or findings of peritoneal in-
flammation appear. The early, seemingly insignificant discomfort is
caused by hyperperistalsis rather than peritoneal inflammation. Indeed,
absence of tenderness and rigidity in the presence of continuous, dif-
fuse pain in a patient likely to have vascular disease is quite charac-
teristic of occlusion of the superior mesenteric artery. Abdominal pain
with radiation to the sacral region, flank, or genitalia should always
signal the possible presence of a rupturing abdominal aortic aneurysm.
This pain may persist over a period of several days before rupture and
collapse occur.

Abdominal Wall Pain arising from the abdominal wall is usually con-
stant and aching. Movement, prolonged standing, and pressure accen-
tuate the discomfort and muscle spasm. In the case of hematoma of
the rectus sheath, now most frequently encountered in association with
anticoagulant therapy, a mass may be present in the lower quadrants
of the abdomen. Simultaneous involvement of muscles in other parts
of the body usually serves to differentiate myositis of the abdominal
wall from an intraabdominal process that might cause pain in the same
region.

REFERRED PAIN IN ABDOMINAL DISEASES Pain referred to the abdomen
from the thorax, spine, or genitalia may prove a vexing diagnostic
problem, because diseases of the upper part of the abdominal cavity
such as acute cholecystitis or perforated ulcer are frequently associated
with intrathoracic complications. A most important, yet often forgot-
ten, dictum is that the possibility of intrathoracic disease must be con-
sidered in every patient with abdominal pain, especially if the pain is
in the upper part of the abdomen. Systematic questioning and exami-
nation directed toward detecting myocardial or pulmonary infarction,
pneumonia, pericarditis, or esophageal disease (the intrathoracic dis-
eases that most often masquerade as abdominal emergencies) will of-
ten provide sufficient clues to establish the proper diagnosis. Diaphrag-
matic pleuritis resulting from pneumonia or pulmonary infarction may
cause pain in the right upper quadrant and pain in the supraclavicular
area, the latter radiation to be distinguished from the referred subscap-
ular pain caused by acute distention of the extrahepatic biliary tree.
The ultimate decision as to the origin of abdominal pain may require
deliberate and planned observation over a period of several hours,
during which repeated questioning and examination will provide the
diagnosis or suggest the appropriate studies.

Referred pain of thoracic origin is often accompanied by splinting
of the involved hemithorax with respiratory lag and decrease in ex-
cursion more marked than that seen in the presence of intraabdominal
disease. In addition, apparent abdominal muscle spasm caused by re-
ferred pain will diminish during the inspiratory phase of respiration,
whereas it is persistent throughout both respiratory phases if it is of
abdominal origin. Palpation over the area of referred pain in the ab-
domen also does not usually accentuate the pain and in many instances
actually seems to relieve it. Thoracic and abdominal disease frequently
coexist and may be difficult or impossible to differentiate. For exam-
ple, the patient with known biliary tract disease often has epigastric
pain during myocardial infarction, or biliary colic may be referred to
the precordium or left shoulder in a patient who has suffered previ-
ously from angina pectoris. —For an explanation of the radiation of
pain to a previously diseased area, see Chap. 11.

Referred pain from the spine, which usually involves compression
or irritation of nerve roots, is characteristically intensified by certain
motions such as cough, sneeze, or strain and is associated with hy-
peresthesia over the involved dermatomes. Pain referred to the abdo-
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men from the testicles or seminal vesicles is generally accentuated by
the slightest pressure on either of these organs. The abdominal dis-
comfort is of dull aching character and is poorly localized.

METABOLIC ABDOMINAL CRISES Pain of metabolic origin may simulate
almost any other type of intraabdominal disease. Several mechanisms
may be at work. In certain instances, such as hyperlipidemia, the meta-
bolic disease itself may be accompanied by an intraabdominal process
such as pancreatitis, which can lead to unnecessary laparotomy unless
recognized. C'l esterase deficiency associated with angioneurotic
edema is often associated with episodes of severe abdominal pain.
Whenever the cause of abdominal pain is obscure, a metabolic origin
always must be considered. Abdominal pain is also the hallmark of
familial Mediterranean fever (Chap. 278).

The problem of differential diagnosis is often not readily resolved.
The pain of porphyria and of lead colic is usually difficult to distin-
guish from that of intestinal obstruction, because severe hyperperi-
stalsis is a prominent feature of both. The pain of uremia or diabetes
is nonspecific, and the pain and tenderness frequently shift in location
and intensity. Diabetic acidosis may be precipitated by acute appen-
dicitis or intestinal obstruction, so if prompt resolution of the abdom-
inal pain does not result from correction of the metabolic abnormali-
ties, an underlying organic problem should be suspected. Black widow
spider bites produce intense pain and rigidity of the abdominal muscles
and back, an area infrequently involved in intraabdominal disease.

NEUROGENIC CAUSES Causalgic pain may occur in diseases that injure
sensory nerves. It has a burning character and is usually limited to the
distribution of a given peripheral nerve. Normal stimuli such as touch
or change in temperature may be transformed into this type of pain,
which is frequently present in a patient at rest. The demonstration of
irregularly spaced cutaneous pain spots may be the only indication of
an old nerve lesion underlying causalgic pain. Even though the pain
may be precipitated by gentle palpation, rigidity of the abdominal mus-
cles is absent, and the respirations are not disturbed. Distention of the
abdomen is uncommon, and the pain has no relationship to the intake
of food.

Pain arising from spinal nerves or roots comes and goes suddenly
and is of a lancinating type (Chap. 15). It may be caused by herpes
zoster, impingement by arthritis, tumors, herniated nucleus pulposus,
diabetes, or syphilis. It is not associated with food intake, abdominal
distention, or changes in respiration. Severe muscle spasm, as in the
gastric crises of tabes dorsalis, is common but is either relieved or is
not accentuated by abdominal palpation. The pain is made worse by
movement of the spine and is usually confined to a few dermatomes.
Hyperesthesia is very common.

Pain due to functional causes conforms to none of the aforemen-
tioned patterns. Mechanism is hard to define. Irritable bowel syndrome
(IBS) is a functional gastrointestinal disorder characterized by abdom-
inal pain and altered bowel habits. The diagnosis is made on the basis
of clinical criteria (Chap. 277) and after exclusion of demonstrable
structural abnormalities. The episodes of abdominal pain are often
brought on by stress, and the pain varies considerably in type and
location. Nausea and vomiting are rare. Localized tenderness and mus-
cle spasm are inconsistent or absent. The causes of IBS or related
functional disorders are not known.

APPROACH TO THE PATIENT

Few abdominal conditions require such urgent operative interven-
tion that an orderly approach need be abandoned, no matter how
ill the patient. Only those patients with exsanguinating intraabdom-
inal hemorrhage (e.g., ruptured aneurysm) must be rushed to the
operating room immediately, but in such instances, only a few min-
utes are required to assess the critical nature of the problem. Under
these circumstances, all obstacles must be swept aside, adequate
venous access for fluid replacement obtained, and the operation
begun. Many patients of this type have died in the radiology de-
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partment or the emergency room while awaiting such unnecessary
examinations as electrocardiograms or abdominal films. There are
no contraindications to operation when massive intraabdominal
hemorrhage is present. This situation fortunately is relatively rare.
These comments do not pertain to gastrointestinal hemorrhage,
which can often be managed by other means (Chap. 37).

Nothing will supplant an orderly, painstakingly detailed history,
which is far more valuable than any laboratory or radiographic
examination. This kind of history is laborious and time-consuming,
making it not especially popular, even though a reasonably accurate
diagnosis can be made on the basis of the history alone in the
majority of cases. Computer-aided diagnosis of abdominal pain
provides no advantage over clinical assessment alone. In cases of
acute abdominal pain, a diagnosis is readily established in most
instances, whereas success is not so frequent in patients with
chronic pain. IBS is one of the most common causes of abdominal
pain and must always be kept in mind (Chap. 277). The chrono-
logical sequence of events in the patient’s history is often more
important than emphasis on the location of pain. If the examiner is
sufficiently open-minded and unhurried, asks the proper questions,
and listens, the patient will usually provide the diagnosis. Careful
attention should be paid to the extraabdominal regions that may be
responsible for abdominal pain. An accurate menstrual history in
a female patient is essential. Narcotics or analgesics should not be
withheld until a definitive diagnosis or a definitive plan has been
formulated; obfuscation of the diagnosis by adequate analgesia is
unlikely.

In the examination, simple critical inspection of the patient, e.g.,
of facies, position in bed, and respiratory activity, may provide valu-
able clues. The amount of information to be gleaned is directly pro-
portional to the gentleness and thoroughness of the examiner. Once
a patient with peritoneal inflammation has been examined brusquely,
accurate assessment by the next examiner becomes almost impos-
sible. Eliciting rebound tenderness by sudden release of a deeply
palpating hand in a patient with suspected peritonitis is cruel and
unnecessary. The same information can be obtained by gentle per-
cussion of the abdomen (rebound tenderness on a miniature scale),
a maneuver that can be far more precise and localizing. Asking the
patient to cough will elicit true rebound tenderness without the need
for placing a hand on the abdomen. Furthermore, the forceful dem-
onstration of rebound tenderness will startle and induce protective
spasm in a nervous or worried patient in whom true rebound ten-
derness is not present. A palpable gallbladder will be missed if pal-
pation is so brusque that voluntary muscle spasm becomes super-
imposed on involuntary muscular rigidity.

As in history taking, there is no substitute for sufficient time
spent in the examination. Abdominal signs may be minimal but
nevertheless, if accompanied by consistent symptoms, may be ex-
ceptionally meaningful. Abdominal signs may be virtually or to-
tally absent in cases of pelvic peritonitis, so careful pelvic and
rectal examinations are mandatory in every patient with abdominal
pain. Tenderness on pelvic or rectal examination in the absence of
other abdominal signs can be caused by operative indications such
as perforated appendicitis, diverticulitis, twisted ovarian cyst, and
many others.

Much attention has been paid to the presence or absence of
peristaltic sounds, their quality, and their frequency. Auscultation
of the abdomen is one of the least revealing aspects of the physical
examination of a patient with abdominal pain. Catastrophes such
as strangulating small intestinal obstruction or perforated appen-
dicitis may occur in the presence of normal peristaltic sounds. Con-
versely, when the proximal part of the intestine above an obstruc-
tion becomes markedly distended and edematous, peristaltic
sounds may lose the characteristics of borborygmi and become

weak or absent, even when peritonitis is not present. It is usually
the severe chemical peritonitis of sudden onset that is associated
with the truly silent abdomen. Assessment of the patient’s state of
hydration is important.

Laboratory examinations may be of great value in assessment
of the patient with abdominal pain, yet with few exceptions they
rarely establish a diagnosis. Leukocytosis should never be the sin-
gle deciding factor as to whether or not operation is indicated. A
white blood cell count >20,000/uL may be observed with perfo-
ration of a viscus, but pancreatitis, acute cholecystitis, pelvic in-
flammatory disease, and intestinal infarction may be associated
with marked leukocytosis. A normal white blood cell count is not
rare in cases of perforation of abdominal viscera. The diagnosis of
anemia may be more helpful than the white blood cell count, es-
pecially when combined with the history.

The urinalysis may reveal the state of hydration or rule out
severe renal disease, diabetes, or urinary infection. Blood urea ni-
trogen, glucose, and serum bilirubin levels may be helpful. Serum
amylase levels may be increased by many diseases other than pan-
creatitis, e.g., perforated ulcer, strangulating intestinal obstruction,
and acute cholecystitis; thus, elevations of serum amylase do not
rule out the need for an operation. The determination of the serum
lipase may have greater accuracy than that of the serum amylase.

Plain and upright or lateral decubitus radiographs of the abdo-
men may be of value in cases of intestinal obstruction, perforated
ulcer, and a variety of other conditions. They are usually unnec-
essary in patients with acute appendicitis or strangulated external
hernias. In rare instances, barium or water-soluble contrast study
of the upper part of the gastrointestinal tract may demonstrate par-
tial intestinal obstruction that may elude diagnosis by other means.
If there is any question of obstruction of the colon, oral adminis-
tration of barium sulfate should be avoided. On the other hand, in
cases of suspected colonic obstruction (without perforation), con-
trast enema may be diagnostic.

In the absence of trauma, peritoneal lavage has been replaced
as a diagnostic tool by ultrasound, computed tomography (CT),
and laparoscopy. Ultrasonography has proved to be useful in de-
tecting an enlarged gallbladder or pancreas, the presence of gall-
stones, an enlarged ovary, or a tubal pregnancy. Laparoscopy is
especially helpful in diagnosing pelvic conditions, such as ovarian
cysts, tubal pregnancies, salpingitis, and acute appendicitis. Ra-
dioisotopic scans (HIDA) may help differentiate acute cholecystitis
from acute pancreatitis. A CT scan may demonstrate an enlarged
pancreas, ruptured spleen, or thickened colonic or appendiceal wall
and streaking of the mesocolon or mesoappendix characteristic of
diverticulitis or appendicitis.

Sometimes, even under the best circumstances with all available
aids and with the greatest of clinical skill, a definitive diagnosis
cannot be established at the time of the initial examination. Nev-
ertheless, despite lack of a clear anatomic diagnosis, it may be
abundantly clear to an experienced and thoughtful physician and
surgeon that on clinical grounds alone operation is indicated.
Should that decision be questionable, watchful waiting with re-
peated questioning and examination will often elucidate the true
nature of the illness and indicate the proper course of action.
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Few of us are spared the experience of head pain. As many as 90% of
individuals have at least one headache per year. Severe, disabling
headache is reported to occur at least annually by 40% of individuals
worldwide. A useful classification of the many causes of headache is
shown in Table 14-1. Headache is usually a benign symptom, but
occasionally it is the manifestation of a serious illness such as brain
tumor, subarachnoid hemorrhage, meningitis, or giant cell arteritis. In
emergency settings, approximately 5% of patients with headache are
found to have a serious underlying neurologic disorder. Therefore, it
is imperative that the serious causes of headache be diagnosed rapidly
and accurately.

PAIN-SENSITIVE STRUCTURES OF THE HEAD

Pain usually occurs when peripheral nociceptors are stimulated in re-
sponse to tissue injury, visceral distension, or other factors (Chap. 11).
In such situations, pain perception is a normal physiologic response
mediated by a healthy nervous system. Pain can also result when pain-
sensitive pathways of the peripheral or central nervous system are
damaged or activated inappropriately. Headache may originate from
either or both mechanisms. Relatively few cranial structures are pain-
sensitive: the scalp, middle meningeal artery, dural sinuses, falx cer-
ebri, and the proximal segments of the large pial arteries. The ventric-
ular ependyma, choroid plexus, pial veins, and much of the brain
parenchyma are pain-insensitive. Electrical stimulation of the midbrain

in the region of the dorsal raphe has resulted in migraine-like head-
aches. Thus, whereas most of the brain is insensitive to electrode prob-
ing, a site in the midbrain represents a possible source of headache
generation. Sensory stimuli from the head are conveyed to the central
nervous system via the trigeminal nerves for structures above the ten-
torium in the anterior and middle fossae of the skull, and via the first
three cervical nerves for those in the posterior fossa and the inferior
surface of the tentorium.

Headache can occur as the result of (1) distention, traction, or di-
lation of intracranial or extracranial arteries; (2) traction or displace-
ment of large intracranial veins or their dural envelope; (3) compres-
sion, traction, or inflammation of cranial and spinal nerves; (4) spasm,
inflammation, or trauma to cranial and cervical muscles; (5) meningeal
irritation and raised intracranial pressure; or (6) other possible mech-
anisms such as activation of brainstem structures.

GENERAL CLINICAL CONSIDERATIONS

The quality, location, duration, and time course of the headache and
the conditions that produce, exacerbate, or relieve it should be care-
fully reviewed. Ascertaining the quality of cephalic pain is occasion-
ally helpful for diagnosis. Most tension-type headaches are described
as tight “bandlike” pain or as dull, deeply located, and aching pain.
Jabbing, brief, sharp cephalic pain, often occurring multifocally (ice
pick—like pain), is usually benign. A throbbing quality and tight mus-
cles about the head, neck, and shoulder girdle are common nonspecific
accompaniments of migraine headaches.

Pain intensity rarely has diagnostic value, although from the pa-
tient’s perspective, it is the single aspect of pain that is most important.

TABLE 14-1 International Headache Society Classification of Headache

1. Migraine 7.

Migraine without aura
Migraine with aura
Ophthalmoplegic migraine
Retinal migraine

Childhood periodic syndromes that may be precursors to or 8.

associated with migraine
Migrainous disorder not fulfilling above criteria
2. Tension-type headache
Episodic tension-type headache

Chronic tension-type headache 9.

3. Cluster headache and chronic paroxysmal hemicrania
Cluster headache
Chronic paroxysmal hemicrania
4. Miscellaneous headaches not associated with structural
lesion
Idiopathic stabbing headache
External compression headache
Cold stimulus headache
Benign cough headache
Benign exertional headache
Headache associated with sexual activity
5. Headache associated with head trauma
Acute posttraumatic headache
Chronic posttraumatic headache
6. Headache associated with vascular disorders
Acute ischemic cerebrovascular disorder
Intracranial hematoma
Subarachnoid hemorrhage
Unruptured vascular malformation
Arteritis
Carotid or vertebral artery pain
Venous thrombosis
Arterial hypertension
Other vascular disorder
7. Headache associated with nonvascular intracranial
disorder
High CSF pressure
Low CSF pressure
Intracranial infection

10.

11.

12.

13.

Headache associated with nonvascular intracranial disorder (cont.)
Sarcoidosis and other noninfectious inflammatory diseases
Related to intrathecal injections
Intracranial neoplasm
Associated with other intracranial disorder

Headache associated with substances or their withdrawal
Headache induced by acute substance use or exposure
Headache induced by chronic substance use or exposure
Headache from substance withdrawal (acute use)

Headache from substance withdrawal (chronic use)

Headache associated with noncephalic infection
Viral infection
Bacterial infection
Other infection

Headache associated with metabolic disorder
Hypoxia
Hypercapnia
Mixed hypoxia and hypercapnia
Hypoglycemia
Dialysis
Other metabolic abnormality

Headache or facial pain associated with disorder of facial or cranial

structures
Cranial bone
Eyes
Ears
Nose and sinuses
Teeth, jaws, and related structures
Temporomandibular joint disease

Cranial neuralgias, nerve trunk pain, and deafferentation pain
Persistent (in contrast to ticlike) pain of cranial nerve origin
Trigeminal neuralgia
Glossopharyngeal neuralgia
Nervus intermedius neuralgia
Superior laryngeal neuralgia
Occipital neuralgia
Central causes of head and facial pain other than tic douloureux

Headache not classifiable

Note: CSF, cerebrospinal fluid.
Source: After J Olesen: Cephalalgia 8(Suppl 7):1, 1988.
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Although meningitis, subarachnoid hemorrhage, and cluster headache
produce intense cranial pain, most patients entering emergency de-
partments with the most severe headache of their lives usually have
migraine. Contrary to common belief, the headache produced by a
brain tumor is not usually distinctive or severe.

Data regarding location of headache may be informative. If the
source is an extracranial structure, as in giant cell arteritis, the corre-
spondence with the site of pain is fairly precise. Inflammation of an
extracranial artery causes pain and exquisite tenderness localized to
the site of the vessel. Lesions of paranasal sinuses, teeth, eyes, and
upper cervical vertebrae induce less sharply localized pain, but pain
that is still referred in a regional distribution. Intracranial lesions in
the posterior fossa cause pain that is usually occipitonuchal, and su-
pratentorial lesions most often induce frontotemporal pain.

Duration and time-intensity curves of headaches are diagnostically
useful. A ruptured aneurysm results in head pain that peaks in an
instant, thunderclap-like; much less often, unruptured aneurysms may
signal their presence in the same way. Cluster headache attacks reach
their peak over 3 to 5 min, remain at maximal levels for about 45 min,
and then taper off. Migraine attacks build up over hours, are main-
tained for several hours to days, and are characteristically relieved by
sleep. Sleep disruption and early morning headaches that improve dur-
ing the day are characteristics of headaches produced by brain tumors
or other disorders that produce increased intracranial pressure.

Facial pain must be distinguished from headache. Trigeminal and,
less commonly, glossopharyngeal neuralgia are frequent causes of fa-
cial pain (Chap. 355). Neuralgias are painful disorders characterized
by paroxysmal, fleeting, often electric shock—like episodes that are
frequently caused by demyelinating lesions of nerves (the trigeminal
or glossopharyngeal nerves in cranial neuralgias). Certain maneuvers
characteristically trigger paroxysms of pain. However, the most com-
mon cause of facial pain by far is dental; provocation by hot, cold, or
sweet foods is typical. The application of a cold stimulus will repeat-
edly induce dental pain, whereas in neuralgic disorders, a refractory
period usually occurs after the initial response so that pain cannot be
repeatedly induced.

The effect of eating on facial pain may provide insight into its
cause. Is it the chewing, swallowing, or taste of the food that elicits
pain? Chewing suggests trigeminal neuralgia, temporomandibular
joint dysfunction, or giant cell arteritis (“jaw claudication”), whereas
swallowing and taste provocation suggest glossopharyngeal neuralgia.
Pain with swallowing is common in patients with carotidynia (see
below) because the inflamed, tender carotid artery abuts the esophagus
during deglutition.

Many patients with facial pain do not experience stereotypic neu-
ralgias; the term atypical facial pain has been used in this setting.
Vague, poorly localized, continuous facial pain is characteristic of na-
sopharyngeal carcinoma; a burning pain often develops as deafferen-
tation occurs and evidence of cranial neuropathy appears. Burning
facial pain may also occur with tumors of the fifth cranial nerve (men-
ingioma or schwannoma) or with lesions of the pons that interrupt the
dorsal root entry zone of the nerve (multiple sclerosis). In patients with
facial pain, the finding of objective sensory loss is an important clue
to a serious underlying disorder. Occasionally, the cause of a pain
problem cannot be resolved promptly, necessitating periodic follow-
up until further signs appear.

CLINICAL EVALUATION OF ACUTE, NEW-ONSET HEADACHE

Patients who present with their first severe headache raise entirely
different diagnostic possibilities than those with recurrent headaches
over many years. In new-onset and severe headaches, the probability
of finding a potentially serious cause is considerably greater than in
recurrent headache. When a patient complains of an acute, new-onset
headache, a number of causes should be considered including men-
ingitis, subarachnoid hemorrhage, epidural or subdural hematoma,
glaucoma, and purulent sinusitis. Clinical features of acute, new-onset

TABLE 14-2 Headache Symptoms That Suggest a Serious Underlying Disorder

“Worst” headache ever

First severe headache

Subacute worsening over days or weeks

Abnormal neurologic examination

Fever or unexplained systemic signs

Vomiting precedes headache

Induced by bending, lifting, cough

Disturbs sleep or presents immediately upon awakening
Known systemic illness

Onset after age 55

headache caused by serious underlying conditions are summarized in
Table 14-2.

A complete neurologic examination is an essential first step in the
evaluation. In most cases, an abnormal examination should be fol-
lowed by a computed tomography (CT) or a magnetic resonance im-
aging (MRI) study. As a screening procedure for intracranial pathology
in this setting, CT and MRI methods appear to be equally sensitive.
A general evaluation of acute headache might include the investigation
of cardiovascular and renal status by blood pressure monitoring and
urine examination; eyes by fundoscopy, intraocular pressure measure-
ment, and refraction; cranial arteries by palpation; and cervical spine
by the effect of passive movement of the head and imaging.

The psychological state of the patient should also be evaluated
since a relationship exists between head pain and depression. Many
patients in chronic daily pain cycles become depressed; moreover,
there is a greater-than-chance coincidence of migraine with both bi-
polar (manic-depressive) and unipolar major depressive disorders.
Drugs with antidepressant actions are also effective in the prophylactic
treatment of both tension-type headache and migraine.

Underlying recurrent headache disorders may be activated by pain
that follows otologic or endodontic surgical procedures. Thus, pain
about the head as the result of diseased tissue or trauma may reawaken
an otherwise quiescent migrainous syndrome. Treatment of the head-
ache is largely ineffective until the cause of the primary problem is
addressed.

Serious underlying conditions that are associated with headache
are described below and in Table 14-3.

MENINGITIS In general, acute, severe headache with stiff neck and fe-
ver suggests meningitis. Lumbar puncture is mandatory. Often there
is striking accentuation of pain with eye movement. Meningitis is par-

TABLE 14-3 Symptoms of Serious Underlying Causes of Headache

Cause Symptoms
Meningitis Nuchal rigidity, headache, photophobia, and
prostration; may not be febrile. Lumbar puncture
is diagnostic.
Intracranial Nuchal rigidity and headache; may not have
hemorrhage clouded consciousness or seizures. Hemorrhage

may not be seen on CT scan. Lumbar puncture
shows “bloody tap” that does not clear by the
last tube. A fresh hemorrhage may not be
xanthochromic.

May present with prostrating pounding headaches
that are associated with nausea and vomiting.
Should be suspected in progressively severe new
“migraine” that is invariably unilateral.

May present with a unilateral pounding headache.
Onset generally in older patients (>50 years)
and frequently associated with visual changes.
The erythrocyte sedimentation rate is the best
screening test and is usually markedly elevated
(i.e., >50). Definitive diagnosis can be made by
arterial biopsy.

Usually consists of severe eye pain. May have
nausea and vomiting. The eye is usually painful
and red. The pupil may be partially dilated.

Brain tumor

Temporal arteritis

Glaucoma

Note: CT, computed tomography.



ticularly easy to mistake for migraine in that the cardinal symptoms
of pounding headache, photophobia, nausea, and vomiting are present.
—A detailed discussion of meningitis can be found in Chaps. 360
and 361.

INTRACRANIAL HEMORRHAGE 1In general, acute, severe headache with
stiff neck but without fever suggests subarachnoid hemorrhage. A rup-
tured aneurysm, arteriovenous malformation, or intraparenchymal
hemorrhage may also present with headache alone. Rarely, if the hem-
orrhage is small or below the foramen magnum, the head CT scan can
be normal. Therefore, a lumbar puncture may be required to make the
definitive diagnosis of a subarachnoid hemorrhage. —A detailed dis-
cussion of intracranial hemorrhage can be found in Chap. 349.

BRAIN TUMOR Approximately 30% of patients with brain tumors con-
sider headache to be their chief complaint. The head pain is usually
nondescript—an intermittent deep, dull aching of moderate intensity,
which may worsen with exertion or change in position and may be
associated with nausea and vomiting. This pattern of symptoms results
from migraine far more often than from brain tumor. Headache of brain
tumor disturbs sleep in about 10% of patients. Vomiting that precedes
the appearance of headache by weeks is highly characteristic of pos-
terior fossa brain tumors. A history of amenorrhea or galactorrhea
should lead one to question whether a prolactin-secreting pituitary
adenoma (or the polycystic ovary syndrome) is the source of headache.
Headache arising de novo in a patient with known malignancy sug-
gests either cerebral metastases and/or carcinomatous meningitis.
Head pain appearing abruptly after bending, lifting, or coughing can
be due to a posterior fossa mass (or a Chiari malformation). —A de-
tailed discussion of brain tumors can be found in Chap. 358.

TEMPORAL ARTERITIS (See also Chaps. 25 and 306) Temporal (giant
cell) arteritis is an inflammatory disorder of arteries that frequently
involves the extracranial carotid circulation. This is a common disorder
of the elderly; its annual incidence is 77:100,000 in individuals aged
50 and older. The average age of onset is 70 years, and women account
for 65% of cases. About half of patients with untreated temporal ar-
teritis develop blindness due to involvement of the ophthalmic artery
and its branches; indeed, the ischemic optic neuropathy induced by
giant cell arteritis is the major cause of rapidly developing bilateral
blindness in patients >60 years. Because treatment with glucocorti-
coids is effective in preventing this complication, prompt recognition
of this disorder is important.

Typical presenting symptoms include headache, polymyalgia rheu-
matica (Chap. 306), jaw claudication, fever, and weight loss. Headache
is the dominant symptom and often appears in association with malaise
and muscle aches. Head pain may be unilateral or bilateral and is
located temporally in 50% of patients but may involve any and all
aspects of the cranium. Pain usually appears gradually over a few hours
before peak intensity is reached; occasionally, it is explosive in onset.
The quality of pain is only seldom throbbing; it is almost invariably
described as dull and boring with superimposed episodic ice pick—
like lancinating pains similar to the sharp pains that appear in migraine.
Most patients can recognize that the origin of their head pain is su-
perficial, external to the skull, rather than originating deep within the
cranium (the pain site for migraineurs). Scalp tenderness is present,
often to a marked degree; brushing the hair or resting the head on a
pillow may be impossible because of pain. Headache is usually worse
at night and is often aggravated by exposure to cold. Reddened, tender
nodules or red streaking of the skin overlying the temporal arteries
may be found in patients with headache, as is tenderness of the tem-
poral or, less commonly, the occipital arteries.

The erythrocyte sedimentation rate (ESR) is often, though not al-
ways, elevated; a normal ESR does not exclude giant cell arteritis. A
temporal artery biopsy and treatment with prednisone at 80 mg daily
for the first 4 to 6 weeks should be initiated when clinical suspicion
is high. The prevalence of migraine among the elderly is substantial,
considerably higher than that of giant cell arteritis. Migraineurs often
report amelioration of their headaches with prednisone, so that one
must be cautious about interpreting the therapeutic response.
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GLAUCOMA Glaucoma may present with a prostrating headache asso-
ciated with nausea and vomiting. The history will usually reveal that
the headache started with severe eye pain. On physical examination,
the eye is often red with a fixed, moderately dilated pupil. —A dis-
cussion of glaucoma can be found in Chap. 25.

OTHER CAUSES OF HEADACHE m Systemic Illness There is hardly any ill-
ness that is never manifested by headache; however, some illnesses
are frequently associated with headache. These include infectious
mononucleosis, systemic lupus erythematosus, chronic pulmonary
failure with hypercapnia (early morning headaches), Hashimoto’s thy-
roiditis, inflammatory bowel disease, many of the illnesses associated
with HIV, and the acute blood pressure elevations that occur in pheo-
chromocytoma and in malignant hypertension. The last two examples
are the exceptions to the generalization that hypertension per se is a
very uncommon cause of headache; diastolic pressures of at least 120
mmHg are requisite for hypertension to cause headache. Persistent
headache and fever are often the manifestations of an acute systemic
viral infection; if the neck is supple in such a patient, lumbar puncture
may be deferred. Some drugs and drug-withdrawal states, e.g., oral
contraceptives, ovulation-promoting medications, and glucocorticoid
withdrawal, are also associated with headache in some individuals.

Idiopathic Intracranial Hypertension (Pseudotumor Cerebri) Headache, clin-
ically resembling that of brain tumor, is a common presenting symp-
tom of pseudotumor cerebri, a disorder of raised intracranial pressure
probably resulting from impaired cerebrospinal fluid (CSF) absorption
by the arachnoid villi. Morning headaches that are worsened by cough-
ing and straining are typical. The pain is sometimes retroocular and
worsened by eye movements. Transient visual obscurations and pap-
illedema with enlarged blind spots and loss of peripheral visual fields
are additional manifestations. Most patients are young, female, and
obese. They often have a history of exposure to provoking agents such
as vitamin A and glucocorticoids. —Treatment of idiopathic intra-
cranial hypertension is discussed in Chap. 25.

Cough A male-dominated (4:1) syndrome, cough headache is char-
acterized by transient, severe head pain upon coughing, bending, lift-
ing, sneezing, or stooping. Head pain persists for seconds to a few
minutes. Many patients date the origins of the syndrome to a lower
respiratory infection accompanied by severe coughing or to strenuous
weight-lifting programs. Headache is usually diffuse but is lateralized
in about one-third of patients. The incidence of serious intracranial
structural anomalies causing this condition is about 25%; the Chiari
malformation (Chap. 356) is a common cause. Thus, MRI is indicated
for most patients with cough headache. The benign disorder may per-
sist for a few years; it responds dramatically to indomethacin at doses
ranging from 50 to 200 mg daily. Approximately half of patients will
also show a response to therapeutic lumbar puncture with removal of
40 mL of CSF.

Many patients with migraine note that attacks of headache may be
provoked by sustained physical exertion, such as during the third mile
of a 5-mile run. Such headaches build up over hours, in contrast to
cough headache. The term effort migraine has been used for this syn-
drome to avoid the ambiguous term exertional headache.

Lumbar Puncture Headache following lumbar puncture usually begins
within 48 h but may be delayed for up to 12 days. Its incidence is
between 10 and 30%. Head pain is dramatically positional; it begins
when the patient sits or stands upright; there is relief upon reclining
or with abdominal compression. The longer the patient is upright, the
longer the latency before head pain subsides. It is worsened by head
shaking and jugular vein compression. The pain is usually a dull ache
but may be throbbing; its location is occipitofrontal. Nausea and stiff
neck often accompany headache, and occasional patients report blurred
vision, photophobia, tinnitus, and vertigo. The symptoms resolve over
a few days but may on occasion persist for weeks to months.

Loss of CSF volume decreases the brain’s supportive cushion, so



TABLE 14-4 Drugs Effective in the Treatment of Tension-Type Headache

symptoms and signs. It is when headache is

Drug Trade Name

Dosage

chronic, recurrent, and unattended by other im-
portant signs of disease that the physician faces

NONSTEROIDAL ANTI-INFLAMMATORY AGENTS

a challenging and unique medical problem.

Acetaminophen Tylenol, generic
Aspirin Generic

Diclofenac Cataflam, generic
Ibuprofen Advil, Motrin, Nuprin,

generic

Naproxen sodium Aleve, Anaprox, generic

COMBINATION ANALGESICS

650 mg PO q4—6h
650 mg PO g4—6h
50-100 mg q4—6h
(max 200 mg/d)
400 mg PO q3—4h

220-550 mg bid

The following sections describe a variety of
headache types, ranging from the most com-
mon (e.g., migraine) to rare causes of recurrent
headache.

TENSION-TYPE HEADACHE The term tension-type
headache is still commonly used to describe a
chronic head pain syndrome characterized by
bilateral tight, bandlike discomfort. Patients

Acetaminophen, 325 mg, plus butalbital,
50 mg

Acetaminophen, 650 mg, plus butalbital,
50 mg

Acetaminophen, 325 mg, plus butalbital,
50 mg, plus caffeine, 40 mg

Phrenilin, generic
Phrenilin Forte

Fioricet; Esgic, generic

Acetaminophen, 500 mg, p/us butalbital, Esgicplus
50 mg, plus caffeine, 40 mg

Aspirin, 325 mg, plus butalbital, 50 mg, Fiorinal
plus caffeine, 40 mg

Aspirin, 650 mg, plus butalbital, 50 mg Axotal

PROPHYLACTIC MEDICATIONS

1-2 tablets; max 6 per day
1 tablet; max 6 per day

1-2 tablets; max 6 per day
1-2 tablets; max 6 per day
1-2 tablets; max 6 per day

1 tablet g4h; max 6 per day

may report that the head feels as if it is in a
vise or that the posterior neck muscles are tight.
The pain typically builds slowly, fluctuates in
severity, and may persist more or less contin-
uously for many days. Exertion does not usu-
ally worsen the headache. The headache may
be episodic or chronic (i.e., present >15 days
per month). Tension-type headache is common
in all age groups, and females tend to predom-
inate. In some patients, anxiety or depression
coexist with tension headache.

Amitriptyline
Doxepin
Nortriptyline

Elavil, generic
Sinequan, generic
Pamelor, generic

10—50 mg at bedtime
10—75 mg at bedtime
25-75 mg at bedtime

The pathophysiologic basis of tension-type
headache remains unknown. Many investiga-
tors believe that periodic tension headache is

that when a patient is upright there is probably dilation and tension
placed on the brain’s anchoring structures, the pain-sensitive dural
sinuses, resulting in pain. Intracranial hypotension often occurs, but
severe lumbar puncture headache may be present even in patients who
have normal CSF pressure.

Treatment with intravenous caffeine sodium benzoate given over
a few minutes as a 500-mg dose will promptly terminate headache in
75% of patients; a second dose given in 1 h brings the total success
rate to 85%. An epidural blood patch accomplished by injection of 15
mL of autologous whole blood rarely fails for those who do not re-
spond to caffeine. The mechanism for these treatment effects is not
straightforward. The blood patch has an immediate effect, making it
unlikely that sealing off a dural hole with blood clot is its mechanism
of action.

Postconcussion  Following seemingly trivial head injuries and particu-
larly after rear-end motor vehicle collisions, many patients report vary-
ing combinations of headache, dizziness, vertigo, and impaired mem-
ory. Anxiety, irritability, and difficulty with concentration are other
hallmarks of this syndrome. Symptoms may remit after several weeks
or persist for months and even years after the injury. Postconcussion
headaches may occur whether or not a person was rendered uncon-
scious by head trauma. Typically, the neurologic examination is nor-
mal with the exception of the behavioral abnormalities, and CT or
MRI studies are unrevealing. Chronic subdural hematoma may on oc-
casion mimic this disorder. Although the cause of postconcussive
headache disorder is not known, it should not in general be viewed as
a primary psychological disturbance. It often persists long after the
settlement of pending lawsuits. The treatment is symptomatic support.
Repeated encouragement that the syndrome eventually remits is im-
portant.

Coital Headache This is another male-dominated (4:1) syndrome. At-
tacks occur periorgasmically, are very abrupt in onset, and subside in
a few minutes if coitus is interrupted. These are nearly always benign
events and usually occur sporadically; if they persist for hours or are
accompanied by vomiting, subarachnoid hemorrhage must be ex-
cluded (Chap. 349).

PRINCIPAL CLINICAL VARIETIES OF RECURRENT HEADACHE

There is usually little difficulty in diagnosing the serious types of head-
aches listed above because of the clues provided by the associated

biologically indistinguishable from migraine,
whereas others believe that tension-type headache and migraine are
two distinct clinical entities. Abnormalities of cervical and temporal
muscle contraction are likely to exist, but the exact nature of the dys-
function has not yet been elucidated.

Relaxation almost always relieves tension-type headaches. Patients
should be encouraged to find a means of relaxation, which, for a given
individual, could include bed rest, massage, and/or formal biofeedback
training. Pharmacologic treatment consists of either simple analgesics
and/or muscle relaxants. Ibuprofen and naproxen sodium are useful
treatments for most individuals. When simple over-the-counter anal-
gesics such as acetaminophen, aspirin, ibuprofen, and/or other nonste-
roidal anti-inflammatory drugs (NSAIDs) alone fail, the addition of
butalbital and caffeine (in a combination compound such as Fiorinal,
Fioricet) to these analgesics may be effective. A list of commonly used
analgesics for tension-type headaches is presented in Table 14-4. For
chronic tension-type headache, prophylactic therapy is recommended.
Low doses of amitriptyline (10 to 50 mg at bedtime) can provide
effective prophylaxis.

MIGRAINE  Migraine, the most common cause of headache, afflicts ap-
proximately 15% of women and 6% of men. A useful definition of
migraine is a benign and recurring syndrome of headache, nausea,
vomiting, and/or other symptoms of neurologic dysfunction in varying
admixtures (Table 14-5). Migraine can often be recognized by its ac-
tivators (red wine, menses, hunger, lack of sleep, glare, estrogen,
worry, perfumes, let-down periods) and its deactivators (sleep, preg-
nancy, exhilaration, triptans). A classification of the many subtypes of
migraine, as defined by the International Headache Society, is shown
in Table 14-1.

Severe headache attacks, regardless of cause, are more likely to be
described as throbbing and associated with vomiting and scalp ten-
derness. Milder headaches tend to be nondescript—tight, bandlike dis-
comfort often involving the entire head—the profile of tension-type
headache.

Pathogenesis M GENETIC BASIS OF MIGRAINE  Migraine has a definite genetic
predisposition. Specific mutations leading to rare causes of vascular
headache have been identified (Table 14-6). For example, the MELAS
syndrome consists of a mitochondrial encephalomyopathy, /actic aci-
dosis, and stroke-like episodes and is caused by an A — G point
mutation in the mitochondrial gene encoding for tRNALuUUR) at nu-
cleotide position 3243. Episodic migraine-like headaches are another



TABLE 14-5 Symptoms Accompanying Severe Migraine Attacks in 500 Patients

Symptom Patients Affected, %
Nausea 87
Photophobia 82
Lightheadedness 72
Scalp tenderness 65
Vomiting 56
Visual disturbances 36
Photopsia 26
Fortification spectra 10
Paresthesias 33
Vertigo 33
Alteration of consciousness 18
Syncope 10
Seizure 4
Confusional state 4
Diarrhea 16

Source: From NH Raskin, Headache, 2d ed. New York, Churchill Livingston, 1998; with
permission.

common clinical feature of this syndrome, especially early in the
course of the disease. The genetic pattern of mitochondrial disorders
is unique, since only mothers transmit mitochondrial DNA. Thus, all
children of mothers with MELAS syndrome are affected with the dis-
order.

Familial hemiplegic migraine (FHM) is characterized by episodes
of recurrent hemiparesis or hemiplegia during the aura phase of a mi-
graine headache. Other associated symptoms may include hemianes-
thesia or paresthesias; hemianopic visual field disturbances; dysphasia;
and variable degrees of drowsiness, confusion, and/or coma. In severe
attacks, these symptoms can be quite prolonged and persist for days
or weeks, but characteristically they last for only 30 to 60 min and are
followed by a unilateral throbbing headache.

Approximately 50% of cases of FHM appear to be caused by mu-
tations within the CACNL1A4 gene on chromosome 19, which en-
codes a P/Q type calcium channel subunit expressed only in the central
nervous system. The gene is very large (>300 kb in length) and con-
sists of 47 exons. Four distinct point mutations have been identified
within the gene (in five different families) that cosegregate with the
clinical diagnosis of FHM. Analysis of haplotypes in the two families
with the same mutation suggest that each mutation arose independently
rather than representing a founder effect. CACNL1A4 is likely to play
a role in calcium-induced neurotransmitter release and/or contraction
of smooth muscle. Different mutations within this gene are the cause
of two other neurogenetic disorders, spinocerebellar ataxia type 6 and
episodic ataxia type 2 (Chap. 352).

In a genetic association study, a Ncol polymorphism in the gene
encoding the D, dopamine receptor (DRD2) was overrepresented in a
population of patients with migraine with aura compared to a control
group of nonmigraineurs, suggesting that susceptibility to migraine
with aura is modified by certain DRD2 alleles. In a Sardinian popu-
lation, an association between different DRD2 alleles and migraine
has also been demonstrated. These initial studies suggest that varia-
tions in dopamine receptor regulation and/or function may alter sus-
ceptibility to migraine since molecular variations within the DRD2
gene have been associated with variations in dopaminergic function.
However, since not all individuals with the im-
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graine). Regional cerebral blood flow studies have shown that in pa-
tients with classic migraine there is, during attacks, a modest cortical
hypoperfusion that begins in the visual cortex and spreads forward at
a rate of 2 to 3 mm/min. The decrease in blood flow averages 25 to
30% (insufficient to explain symptoms on the basis of ischemia) and
progresses anteriorly in a wavelike fashion independent of the topog-
raphy of cerebral arteries. The wave of hypoperfusion persists for 4 to
6 h, appears to follow the convolutions of the cortex, and does not
cross the central or lateral sulcus, progressing to the frontal lobe via
the insula. Perfusion of subcortical structures is normal. Contralateral
neurologic symptoms appear during temporoparietal hypoperfusion; at
times, hypoperfusion persists in these regions after symptoms cease.
More often, frontal spread continues as the headache phase begins. A
few patients with classic migraine show no flow abnormalities; an
occasional patient has developed focal ischemia sufficient to cause
symptoms. However, focal ischemia does not appear to be necessary
for focal symptoms to occur.

The ability of these changes to induce the symptoms of migraine
has been questioned. Specifically, the decrease in blood flow that is
observed does not appear to be significant enough to cause focal neu-
rologic symptoms. Second, the increase in blood flow per se is not
painful, and vasodilatation alone cannot account for the local edema
and focal tenderness often observed in migraineurs. Moreover, in mi-
graine without aura, no flow abnormalities are usually seen. Thus, it
is unlikely that simple vasoconstriction and vasodilatation are the fun-
damental pathophysiologic abnormalities in migraine. However, it is
clear that cerebral blood flow is altered during certain migraine attacks,
and these changes may explain some, but clearly not all, of the clinical
syndrome of migraine.

THE NEURONAL THEORY OF MIGRAINE  Fortification spectrum is a migraine
aura characterized by a slowly enlarging visual scotoma with luminous
edges (see below). It is believed to result from spreading depression,
a slowly moving (2 to 3 mm/min), potassium-liberating depression of
cortical activity, preceded by a wavefront of increased metabolic ac-
tivity. Spreading depression can be produced by a variety of experi-
mental stimuli, including hypoxia, mechanical trauma, and the topical
application of potassium. These observations suggest that neuronal
abnormalities could be the cause of a migraine attack.

Physiologically, electrical stimulation near dorsal raphe neurons in
the upper brainstem can result in migraine-like headaches. Blood flow
in the pons and midbrain increases focally during migraine headache
episodes; this alteration probably results from increased activity of
cells in the dorsal raphe and locus coeruleus. There are projections
from the dorsal raphe that terminate on cerebral arteries and alter ce-
rebral blood flow. There are also major projections from the dorsal
raphe to important visual centers, including the lateral geniculate body,
superior colliculus, retina, and visual cortex. These various seroto-
nergic projections may represent the neural substrate for the circulatory
and visual characteristics of migraine. The dorsal raphe cells stop firing
during deep sleep, and sleep is known to ameliorate migraine; the
antimigraine prophylactic drugs also inhibit activity of the dorsal raphe
cells through a direct or indirect agonist effect.

Positron emission tomography (PET) scan studies have demon-

plicated DRD2 genotypes suffer from migraine

TABLE 14-6 Migraine Genetics

with aura, additional genes or factors must also Gene (Locus)

Function of Gene

Clinical Syndrome Comment

be involved. Migraine is likely to be a complex

disorder with polygenic inheritance and a (RNALeu®R -

strong environmental component. (mitochondrial)
CACNLI1A4

THE VASCULAR THEORY OF MIGRAINE Tt was widely (19p13)

held for many years that the headache phase of
migrainous attacks was caused by extracranial
vasodilatation and that the neurologic symp-
toms were produced by intracranial vasocon-

DRD2 (11¢23)

Unknown

P/Q calcium channel
regulating neurotransmitter
release

G protein—coupled D,
receptor for dopamine

MELAS syndrome Extremely rare syndrome

Familial hemiplegic Mutations account for
migraine (FHM) approximately 50% of
FHM cases

Positive association reported
in two independent
laboratories

Migraine

striction (i.e., the “vascular” hypothesis of mi-

Note: MELAS, mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes.
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strated that midbrain structures near the dorsal raphe are activated
during a migraine attack. In one study of acute migraine, an injection
of sumatriptan relieved the headache but did not alter the brainstem
changes noted on the PET scan. These data suggest that a “brainstem
generator” may be the cause of migraine and that certain antimigraine
medications may not interfere with the underlying pathologic process
in migraine.

THE TRIGEMINOVASCULAR SYSTEM IN MIGRAINE — Activation of cells in the tri-
geminal nucleus caudalis in the medulla (a pain-processing center for
the head and face region) results in the release of vasoactive neuro-
peptides, including substance P and calcitonin gene—related peptide,
at vascular terminations of the trigeminal nerve. These peptide neu-
rotransmitters have been proposed to induce a sterile inflammation that
activates trigeminal nociceptive afferents originating on the vessel
wall, further contributing to the production of pain. This provides a
potential mechanism for the soft tissue swelling and tenderness of
blood vessels that accompany migraine attacks. However, numerous
pharmacologic agents that are effective in preventing or reducing in-
flammation in this animal model (e.g., selective 5-HT,, agonists, NK-
1 antagonists, endothelin antagonists) have failed to demonstrate any
clinical efficacy in migraine trials.

5-HYDROXYTRYPTAMINE IN MIGRAINE ~ Pharmacologic and other data point to
the involvement of the neurotransmitter 5-hydroxytryptamine (5-HT;
also known as serotonin) in migraine. Approximately 40 years ago,
methysergide was found to antagonize certain peripheral actions of 5-
HT and was introduced as the first drug capable of preventing migraine
attacks. Subsequently, it was found that platelet levels of 5-HT fall
consistently at the onset of headache and that drugs that cause 5-HT
to be released may trigger migrainous episodes. Such changes in cir-
culating 5-HT levels proved to be pharmacologically trivial, however,
and interest in the humoral role of 5-HT in migraine declined.

More recently, interest in the role of 5-HT in migraine has been
renewed due to the introduction of the triptan class of antimigraine
drugs. The triptans are designed to stimulate selectively a particular
subpopulation of 5-HT receptors. At least 14 specific 5-HT receptors
exist in humans. The triptans (e.g., naratriptan, rizatriptan, sumatrip-
tan, and zolmitriptan) are potent agonists of 5-HT,, 5-HT,, and 5-
HT, receptors and are less potent at 5-HT, , and 5-HT; receptors. A
growing body of data indicates that the antimigraine efficacy of the
triptans relates to their ability to stimulate 5-HT,; receptors, which are
located on both blood vessels and nerve terminals. Selective 5-HT,
receptor agonists have, thus far, failed to demonstrate clinical efficacy
in migraine. Triptans that are weak 5-HT . agonists are also effective
in migraine; however, only 5-HT,; efficacy is currently thought to be
essential for antimigraine efficacy.

DOPAMINE IN MIGRAINE A growing body of biologic, pharmacologic, and
genetic data supports a role for dopamine in the pathophysiology of
certain subtypes of migraine. Most migraine symptoms can be induced
by dopaminergic stimulation. Moreover, there is dopamine receptor
hypersensitivity in migraineurs, as demonstrated by the induction of
yawning, nausea, vomiting, hypotension, and other symptoms of a
migraine attack by dopaminergic agonists at doses that do not affect
nonmigraineurs. Conversely, dopamine receptor antagonists are effec-
tive therapeutic agents in migraine, especially when given parenterally
or concurrently with other antimigraine agents. As noted above, ge-
netic data also suggest that molecular variations within dopamine re-
ceptor genes play a modifying role in the pathophysiology of migraine
with aura. Therefore, modulation of dopaminergic neurotransmission
should be considered in the therapeutic management of migraine.

THE SYMPATHETIC NERVOUS SYSTEM IN MIGRAINE — Alterations occur within the
sympathetic nervous system (SNS) of migraineurs before, during, and
between migraine attacks. Factors that activate the SNS are all triggers
for migraine. Specific examples include environmental changes (e.g.,
stress, sleep patterns, hormonal shifts, hypoglycemia) and agents that

cause release and a secondary depletion of peripheral catecholamines
(e.g., tyramine, phenylethylamine, fenfluramine, m-chlorophenylpi-
perazine, and reserpine). By contrast, effective therapeutic approaches
to migraine share an ability to mimic and/or enhance the effects of
norepinephrine in the peripheral SNS. For example, norepinephrine
itself, sympathomimetics (e.g., isometheptene), monoamine oxidase
inhibitors (MAOIs), and reuptake blockers alleviate migraine. Dopa-
mine antagonists, prostaglandin synthesis inhibitors, and adenosine
antagonists are pharmacologic agents effective in the acute treatment
of migraine. These drugs block the negative feedback inhibition or
norepinephrine release induced by endogenous dopamine, prostaglan-
dins, and adenosine. Therefore, migraine susceptibility may relate to
genetically based variations in the ability to maintain adequate con-
centrations of certain neurotransmitters within postganglionic sym-
pathetic nerve terminals. This hypothesis has been called the empty
neuron theory of migraine.

Clinical Features M MIGRAINE WITHOUT AURA (COMMON MIGRAINE)  In this syn-
drome no focal neurologic disturbance precedes the recurrent head-
aches. Migraine without aura is by far the more frequent type of vas-
cular headache. The International Headache Society criteria for
migraine include moderate to severe head pain, pulsating quality, uni-
lateral location, aggravation by walking stairs or similar routine activ-
ity, attendant nausea and/or vomiting, photophobia and phonophobia,
and multiple attacks, each lasting 4 to 72 h.

MIGRAINE WITH AURA (CLASSIC MIGRAINE) ~ In this syndrome headache is as-
sociated with characteristic premonitory sensory, motor, or visual
symptoms. Focal neurologic disturbances are more common during
headache attacks than as prodromal symptoms. Focal neurologic dis-
turbances without headache or vomiting have come to be known as
migraine equivalents or migraine accompaniments and appear to occur
more commonly in patients between the ages of 40 and 70 years. The
term complicated migraine has generally been used to describe mi-
graine with dramatic transient focal neurologic features or a migraine
attack that leaves a persisting residual neurologic deficit.

The most common premonitory symptoms reported by migraineurs
are visual, arising from dysfunction of occipital lobe neurons. Scoto-
mas and/or hallucinations occur in about one-third of migraineurs and
usually appear in the central portions of the visual fields. A highly
characteristic syndrome occurs in about 10% of patients; it usually
begins as a small paracentral scotoma, which slowly expands into a
“C” shape. Luminous angles appear at the enlarging outer edge, be-
coming colored as the scintillating scotoma expands and moves toward
the periphery of the involved half of the visual field, eventually dis-
appearing over the horizon of peripheral vision. The entire process
lasts 20 to 25 min. This phenomenon is pathognomonic for migraine
and has never been described in association with a cerebral structural
anomaly. It is commonly referred to as a fortification spectrum because
the serrated edges of the hallucinated “C” seemed to resemble a for-
tified town with bastions around it; spectrum is used in the sense of
an apparition or specter.

BASILAR MIGRAINE ~ Symptoms referable to a disturbance in brainstem
function, such as vertigo, dysarthria, or diplopia, occur as the only
neurologic symptoms of the attack in about 25% of patients. A dra-
matic form of basilar migraine (Bickerstaff’s migraine) occurs pri-
marily in adolescent females. Episodes begin with total blindness ac-
companied or followed by admixtures of vertigo, ataxia, dysarthria,
tinnitus, and distal and perioral paresthesias. In about one-quarter of
patients, a confusional state supervenes. The neurologic symptoms
usually persist for 20 to 30 min and are generally followed by a throb-
bing occipital headache. This basilar migraine syndrome is now known
also to occur in children and in adults over age 50. An altered senso-
rium may persist for as long as 5 days and may take the form of
confusional states superficially resembling psychotic reactions. Full
recovery after the episode is the rule.

CAROTIDYNIA  The carotidynia syndrome, sometimes called lower-half
headache or facial migraine, is most common among older patients,



with the incidence peaking in the fourth through sixth decades. Pain
is usually located at the jaw or neck, although sometimes periorbital
or maxillary pain occurs; it may be continuous, deep, dull, and aching,
and it becomes pounding or throbbing episodically. There are often
superimposed sharp, ice pick—like jabs. Attacks occur one to several
times per week, each lasting several minutes to hours. Tenderness and
prominent pulsations of the cervical carotid artery and soft tissue
swelling overlying the carotid are usually present ipsilateral to the
pain; many patients also report throbbing ipsilateral headache concur-
rent with carotidynia attacks as well as between attacks. Dental trauma
is a common precipitant of this syndrome. Carotid artery involvement
also appears to be common in the more traditional forms of migraine;
over 50% of patients with frequent migraine attacks are found to have
carotid tenderness at several points on the side most often involved
during hemicranial migraine attacks.

TREATMENT

Nonpharmacologic Approaches for All Migraineurs Migraine can often be
managed to some degree by a variety of nonpharmacologic approaches
(Table 14-7). The measures that apply to a given individual should be
used routinely since they provide a simple, cost-effective approach to
migraine management. Patients with migraine do not encounter more
stress than headache-free individuals; overresponsiveness to stress ap-
pears to be the issue. Since the stresses of everyday living cannot be
eliminated, lessening one’s response to stress by various techniques is
helpful for many patients. These include yoga, transcendental medi-
tation, hypnosis, and conditioning techniques such as biofeedback. For
most patients, this approach is, at best, an adjunct to pharmacotherapy.
Avoidance of migraine trigger factors may also provide significant
prophylactic benefits. Unfortunately, these measures are unlikely to
prevent all migraine attacks. When these measures fail to prevent
an attack, pharmacologic approaches are then needed to abort an
attack.

Pharmacologic Treatment of Acute Migraine The mainstay of pharmaco-
logic therapy is the judicious use of one or more of the many drugs
that are effective in migraine. The selection of the optimal regimen for
a given patient depends on a number of factors, the most important of
which is the severity of the attack (Table 14-8). Mild migraine attacks
can usually be managed by oral agents; the average efficacy rate is 50
to 70%. Severe migraine attacks may require parenteral therapy. Most
drugs effective in the treatment of migraine are members of one of
three major pharmacologic classes: anti-inflammatory agents, 5-HT,
agonists, and dopamine antagonists.

Table 14-9 lists specific drugs effective in migraine. In general, an
adequate dose of whichever agent is chosen should be used as soon
as possible after the onset of an attack. If additional medication is
required within 60 min because symptoms return or have not abated,
the initial dose should be increased for subsequent attacks. Migraine
therapy must be individualized for each patient; a standard approach
for all patients is not possible. A therapeutic regimen may need to be

TABLE 14-7 Nonpharmacologic Approaches to Migraine

Identify and then avoid trigger factors such as:
Alcohol (e.g., red wine)
Foods (e.g., chocolate, certain cheeses, monosodium glutamate, nitrate-
containing foods)
Hunger (avoid missing meals)
Irregular sleep patterns (both lack of sleep and excessive sleep)
Organic odors
Sustained exertion
Acute changes in stress levels
Miscellaneous (glare, flashing lights)
Attempt to manage environmental shifts such as:
Time zone shifts
High altitude
Barometric pressure changes
Weather changes
Assess menstrual cycle relationship
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TABLE 14-8 A Staged Approach to Migraine Pharmacotherapy

Stage Diagnosis Therapies

NSAIDs
Combination analgesics
Oral 5-HT, agonists

Mild migraine Occasional throbbing
headaches

No major impairment
of functioning

Moderate or severe

Moderate migraine Oral, nasal, or SC 5-HT,

headaches agonists
Nausea common Oral dopamine
Some impairment of antagonists

functioning

Severe migraine Severe headaches >3 SC, IM, or IV 5-HT,

times per month agonists

Significant functional IM or IV dopamine
impairment antagonists

Marked nausea and/or  Prophylactic medications
vomiting

Note: NSAIDs, nonsteroidal anti-inflammatory drugs; 5-HT, 5-hydroxytryptamine.

constantly refined and personalized until one is identified that provides
the patient with rapid, complete, and consistent relief with minimal
side effects.

NONSTEROIDAL ANTI-INFLAMMATORY AGENTS ~ Both the severity and duration
of a migraine attack can be reduced significantly by anti-inflammatory
agents. Indeed, many undiagnosed migraineurs are self-treated with
nonprescription anti-inflammatory agents (Table 14-4). A general con-
sensus is that NSAIDs are most effective when taken early in the
migraine attack. However, the effectiveness of anti-inflammatory
agents in migraine is usually less than optimal in moderate or severe
migraine attacks. The combination of acetaminophen, aspirin, and caf-
feine (Excedrin Migraine) has been approved for use by the U.S. Food
and Drug Administration (FDA) for the treatment of mild to moderate
migraine. The combination of aspirin and metoclopramide has been
shown to be equivalent to a single dose of sumatriptan. Major side
effects of NSAIDs include dyspepsia and gastrointestinal irritation.

5-HT, AGONISTS M Oral ~ Stimulation of 5-HT, receptors can stop an acute
migraine attack. Ergotamine and dihydroergotamine are nonselective
receptor agonists, while the series of drugs known as triptans are se-
lective 5-HT, receptor agonists. A variety of triptans (e.g., naratriptan,
rizatriptan, sumatriptan, zolmitriptan, almotriptan, frovatriptan) are
now available for the treatment of migraine (Table 14-9).

Each of the triptan class of drugs has similar pharmacologic prop-
erties but varies slightly in terms of clinical efficacy. Rizatriptan and
almotriptan are the fastest acting and most efficacious of the triptans
currently available in the United States. Sumatriptan and zolmitriptan
have similar rates of efficacy as well as time to onset, whereas nara-
triptan and frovatriptan are the slowest acting and the least efficacious.
Clinical efficacy appears to be related more to the 7, (time to peak
plasma level) than to the potency, half-life, or bioavailability (Table
14-10). This observation is in keeping with a significant body of data
indicating that faster-acting analgesics are more efficacious than
slower-acting agents.

Unfortunately, monotherapy with a selective oral 5-HT, agonist
does not result in rapid, consistent, and complete relief of migraine in
all patients. Triptans are not effective in migraine with aura unless
given after the aura is completed and the headache initiated. Side ef-
fects, although often mild and transient, occur in up to 89% of patients.
Moreover, 5-HT, agonists are contraindicated in individuals with a
history of cardiovascular disease. Recurrence of headache is a major
limitation of triptan use, and occurs at least occasionally in 40 to 78%
of patients.

Ergotamine preparations offer a nonselective means of stimulating
5-HT, receptors. A nonnauseating dose of ergotamine should be
sought since a dose that provokes nausea is too high and may intensify
head pain. Except for a sublingual formulation of ergotamine (Ergo-



TABLE 14-9 Treatment of Acute Migraine

Drug Trade Name Dosage
NSAIDS
Acetaminophen, Excedrin Two tablets or caplets q6h (max 8 per day)
aspirin, caffeine Migraine
5-HT, AGONISTS
Oral
Ergotamine Ergomar One 2 mg sublingual tablet at onset and q1/2h (max 3

Ergotamine 1 mg,
caffeine 100 mg

Ercaf, Wigraine

per day, 5 per week)
One or two tablets at onset, then one tablet q1/2h (max
6 per day, 10 per week)

Naratriptan Amerge 2.5 mg tablet at onset; may repeat once after 4 h
Rizatriptan Maxalt 5 to 10 mg tablet at onset; may repeat after 2 h (max
Maxalt-MLT 30 mg/d)
Sumatriptan Imitrex 50 to 100 mg tablet at onset; may repeat after 2 h (max
200 mg/d)
Zolmitriptan Zomig 2.5 mg tablet at onset; may repeat after 2 h (max 10

Zomig Rapimelt

mg/d)

Nasal
Dihydroergotamine Migranal Nasal Prior to nasal spray, the pump must be primed 4 times;
Spray one spray (0.5 mg) is administered followed, in 15
min, by a second spray
Sumatriptan Imitrex Nasal 5 to 20 mg intranasal spray as 4 sprays of 5 mg or a
Spray single 20 mg spray (may repeat once after 2 h, not to
exceed a dose of 40 mg/d)
Parenteral
Dihydroergotamine DHE-45 1 mg IV, IM, or SC at onset and qlh (max 3 mg/d, 6
mg per week)
Sumatriptan Imitrex Injection 6 mg SC at onset (may repeat once after 1 h for

DOPAMINE ANTAGONISTS

max of two doses in 24 h)

Oral
Metoclopramide Reglan,® generic*  5-10 mg/d
Prochlorperazine Compazine,* 1-25 mg/d
generic*
Parenteral
Chlorpromazine Generic? 0.1 mg/kg IV at 2 mg/min; max 35 mg/d
Metoclopramide Reglan,* generic 10 mg IV
Prochlorperazine Compazine,* 10 mg IV
generic®
OTHER
Oral
Acetaminophen, Midrin, Duradrin,  Two capsules at onset followed by 1 capsule qlh (max
325 mg, plus generic 5 capsules)
dichloralphenazone,
100 mg, plus
isometheptene, 65 mg
Nasal
Butorphanol Stadol® 1 mg (1 spray in 1 nostril), may repeat if necessary in
1-2h
Parenteral
Narcotics Generic? Multiple preparations and dosages; see Table 11-1.

@ Not specifically indicated by the U.S. Food and Drug Administration for migraine.
Note: NSAIDs, nonsteroidal anti-inflammatory drugs; 5-HT, 5-hydroxytryptamine.

mar), oral formulations of ergotamine also contain 100 mg caffeine FDA as “possibly™ effective

(theoretically to enhance ergotamine absorption and possibly to add
additional vasoconstrictor activity). The average oral ergotamine dose
for a migraine attack is 2 mg. Since the clinical studies demonstrating

more effective relief of a migraine attack
than oral formulations, their reported ef-
ficacy is only approximately 50 to 60%.

Parenteral  Parenteral administration of
drugs such as dihydroergotamine (DHE-
45 Injectable) and sumatriptan (Imitrex
SC) is approved by the FDA for the
rapid relief of a migraine attack. Peak
plasma levels of dihydroergotamine are
achieved 3 min after intravenous dosing,
30 min after intramuscular dosing, and
45 min after subcutaneous dosing. If an
attack has not already peaked, subcuta-
neous or intramuscular administration
of 1 mg dihydroergotamine suffices for
about 80 to 90% of patients. Sumatrip-
tan, 6 mg subcutaneously, is effective in
approximately 70 to 80% of patients.

DOPAMINE ANTAGONISTS M Oral  Oral dopa-
mine antagonists should be considered
as adjunctive therapy in migraine. Drug
absorption is impaired during migrain-
ous attacks because of reduced gastro-
intestinal motility. Delayed absorption
occurs in the absence of nausea and is
related to the severity of the attack and
not its duration. Therefore, when oral
NSAIDs and/or triptan agents fail, the
addition of a dopamine antagonist such
as metoclopramide, 10 mg, should be
considered to enhance gastric absorp-
tion. In addition, dopamine antagonists
decrease nausea/vomiting and restore
normal gastric motility.

Parenteral ~ Parenteral dopamine antago-
nists (e.g., chlorpromazine, prochlorper-
azine, metoclopramide) can also provide
significant acute relief of migraine; they
can be used in combination with par-
enteral 5-HT, agonists. A common
intravenous protocol used for the treat-
ment of severe migraine is the admin-
istration over 2 min of a mixture of 5
mg of prochlorperazine and 0.5 mg of
dihydroergotamine.

OTHER MEDICATIONS FOR ACUTE MIGRAINE W Oral
The combination of acetaminophen,
dichloralphenazone, and isometheptene
(i.e., Midrin, Duradrin, generic), one to
two capsules, has been classified by the
in the treatment of migraine. Since the

clinical studies demonstrating the efficacy of this combination anal-
gesic in migraine predated the clinical trial methodologies used with

the efficacy of ergotamine in migraine predated the clinical trial meth-

TABLE 14-10 Comparative Pharmacology of Oral Triptans®

odologies used with the triptans, it is difficult to assess the clinical
efficacy of ergotamine versus the triptans. In general, ergotamine ap-
pears to have a much higher incidence of nausea than triptans, but less

headache recurrence.

Nasal  The fastest acting nonparenteral antimigraine therapies that can
be self-administered include nasal formulations of dihydroergotamine
(Migranal) or sumatriptan (Imitrex Nasal). The nasal sprays result in

Clinical
Oral Efficacy at

Drug and Dose, mg - t h Bioavailability, % 2h %
Rizatriptan, 10 1-2 2-3 45 71
Zolmitriptan, 2.5 2 2.5-3 44 65
Sumatriptan, 50 2-3 2 14 61
Naratriptan, 2.5 2-4 5-6 68 45
Frovatriptan, 2.5 2-3 26 25 43
Almotriptan, 12.5 2-3 3 70 58

substantial blood levels within 30 to 60 min. However, the nasal for-
mulations suffer from inconsistent dosing, poor taste, and variable

efficacy. Although in theory the nasal sprays might provide faster and

@ Data adapted from package inserts approved by the U.S. Food and Drug Administration.



the triptans, it is difficult to assess the clinical efficacy of this sym-
pathomimetic compound in comparison to other agents.

Nasal A nasal preparation of butorphanol is available for the treatment
of acute pain. As with all narcotics, the use of nasal butorphanol should
be limited to a select group of migraineurs, as described below.

Parenteral  Narcotics are effective in the acute treatment of migraine.
For example, intravenous meperidine (Demerol), 50 to 100 mg, is
given frequently in the emergency room. This regimen “works” in the
sense that the pain of migraine is eliminated. However, this regimen
is clearly suboptimal in patients with recurrent headache for two major
reasons. First, narcotics do not treat the underlying headache mecha-
nism; rather, they act at the thalamic level to alter pain sensation.
Second, the recurrent use of narcotics can lead to significant problems.
In patients taking oral narcotics such as oxycodone (Percodan) or hy-
drocodone (Vicodin), narcotic addiction can greatly confuse the treat-
ment of migraine. The headache that results from narcotic craving and/
or withdrawal can be difficult to distinguish from chronic migraine.
Therefore, it is recommended that narcotic use in migraine be limited
to patients with severe, but infrequent, headaches that are unresponsive
to other pharmacologic approaches.

Prophylactic Treatment of Migraine A substantial number of drugs are
now available that have the capacity to stabilize migraine (Table 14-
11). The decision of whether to use this approach depends on the
frequency of attacks and on how well acute treatment is working. The
occurrence of at least three attacks per month could be an indication
for this approach. Drugs must be taken daily, and there is usually a
lag of at least 2 to 6 weeks before an effect is seen. The drugs that
have been approved by the FDA for the prophylactic treatment of
migraine include propranolol, timolol, sodium valproate, and meth-
ysergide. In addition, a number of other drugs appear to display pro-
phylactic efficacy. This group of drugs includes amitriptyline, nortrip-
tyline, verapamil, phenelzine, gabapentin, and cyproheptadine.
Phenelzine and methysergide are usually reserved for recalcitrant cases
because of their serious potential side effects. Phenelzine is an MAOI;
therefore, tyramine-containing foods, decongestants, and meperidine
are contraindicated. Methysergide may cause retroperitoneal or cardiac
valvular fibrosis when it is used for >8 months, thus monitoring is
required for patients using this drug; the risk of the fibrotic com-
plication is about 1:1500 and is likely to reverse after the drug is
stopped.

The probability of success with any one of the antimigraine drugs
is 50 to 75%; thus, if one drug is assessed each month, there is a good
chance that effective stabilization will be achieved within a few
months. Many patients are managed adequately with low-dose ami-
triptyline, propranolol, or valproate. If these agents fail or lead to un-

TABLE 14-11 Drugs Effective in the Prophylactic Treatment of Migraine
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acceptable side effects, then methysergide or phenelzine can be used.
Once effective stabilization is achieved, the drug is continued for 5 to
6 months and then slowly tapered to assess the continued need. Many
patients are able to discontinue medication and experience fewer and
milder attacks for long periods, suggesting that these drugs may alter
the natural history of migraine.

CLUSTER HEADACHE A variety of names have been used for this con-
dition, including Raeder’s syndrome, histamine cephalalgia, and
sphenopalatine neuralgia. Cluster headache is a distinctive and treat-
able vascular headache syndrome. The episodic type is most common
and is characterized by one to three short-lived attacks of periorbital
pain per day over a 4- to 8-week period, followed by a pain-free in-
terval that averages 1 year. The chronic form, which may begin de
novo or several years after an episodic pattern has become established,
is characterized by the absence of sustained periods of remission. Each
type may transform into the other. Men are affected seven to eight
times more often than women; hereditary factors are usually absent.
Although the onset is generally between ages 20 and 50, it may occur
as early as the first decade of life. Propranolol and amitriptyline are
largely ineffective. Lithium is beneficial for cluster headache and in-
effective in migraine. The cluster syndrome is thus clinically, geneti-
cally, and therapeutically different from migraine. Nevertheless, mixed
features of the two disorders are occasionally present, suggesting some
common elements to their pathogenesis.

Clinical Features Periorbital or, less commonly, temporal pain begins
without warning and reaches a crescendo within 5 min. It is often
excruciating in intensity and is deep, nonfluctuating, and explosive in
quality; only rarely is it pulsatile. Pain is strictly unilateral and usually
affects the same side in subsequent months. Attacks last from 30 min
to 2 h; there are often associated symptoms of homolateral lacrimation,
reddening of the eye, nasal stuffiness, lid ptosis, and nausea. Alcohol
provokes attacks in about 70% of patients but ceases to be provocative
when the bout remits; this on-off vulnerability to alcohol is pathog-
nomonic of cluster headache. Only rarely do foods or emotional factors
precipitate pain, in contrast to migraine.

There is a striking periodicity of attacks in at least 85% of patients.
At least one of the daily attacks of pain recurs at about the same hour
each day for the duration of a cluster bout. Onset is nocturnal in about
50% of the cases, and then the pain usually awakens the patient within
2 h of falling asleep.

Pathogenesis No consistent cerebral blood flow changes accompany
attacks of pain. Perhaps the strongest evidence for a central mechanism
is the periodicity of attacks; the existence of a central mechanism is
also suggested by the observation that autonomic symptoms that ac-
company the pain are bilateral and are more severe on the painful side.
The hypothalamus is probably the site of activation in this disorder.
The posterior hypothalamus contains cells that regulate autonomic
functions, and the anterior hypothalamus contains cells (in the supra-
chiasmatic nuclei) that constitute the principal circadian pacemaker in
mammals. Activation of both is necessary to explain the symptoms of
cluster headache. The pacemaker is modulated via serotonergic dorsal
raphe projections. It can be concluded tentatively that both migraine
and cluster headache result from abnormal serotonergic neurotrans-
mission, albeit at different loci.

Drug Trade Name Dosage
B-Adrenergic agents
Propranolol Inderal 80-320 mg qd
Inderal LA
Timolol Blocadren 20-60 mg qd
Anticonvulsants
Sodium valproate Depakote 250 mg bid (max
1000 mg/d)
Tricyclic antidepressants
Anmitriptyline Elavil,* generic 10-50 mg ghs
Nortriptyline Pamelor,* generic 25-75 mg ghs
Monoamine oxidase inhibitors
Phenelzine Nardil“ 15 mg tid
Serotonergic drugs
Methysergide Sansert 4-8 mg qd
Cyproheptadine Periactin® 4—-16 mg qd
Other
Verapamil Calan 80—480 mg qd
Isoptin“

¢ Not specifically indicated for migraine by the U.S. Food and Drug Administration.

TREATMENT

The most satisfactory treatment is the administration of drugs to pre-
vent cluster attacks until the bout is over. Effective prophylactic drugs
are prednisone, lithium, methysergide, ergotamine, sodium valproate,
and verapamil. Lithium (600 to 900 mg daily) appears to be particu-
larly useful for the chronic form of the disorder. A 10-day course of
prednisone, beginning at 60 mg daily for 7 days followed by a rapid
taper, may interrupt the pain bout for many patients. When ergotamine
is used, it is most effective when given 1 to 2 h before an expected
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attack. Patients who use ergotamine daily must be educated regarding
the early symptoms of ergotism, which may include vomiting, numb-
ness, tingling, pain, and cyanosis of the limbs; a weekly limit of
14 mg should be adhered to.

For the attacks themselves, oxygen inhalation (9 L/min via a loose
mask) is the most effective modality; 15 min of inhalation of 100%

oxygen is often necessary. Sumatriptan, 6 mg subcutaneously, will
usually shorten an attack to 10 to 15 min.

FURTHER READING

FERRARI MD et al: Oral triptans in acute migraine treatment: A meta-analysis
of 53 trials. Lancet 358:1668, 2001

GOADSBY PJ: Serotonin 5-HT 1B/1D receptor agonists in migraine. CNS
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BACK AND NECK PAIN
John W. Engstrom

The importance of back and neck pain in our society is underscored
by the following: (1) the cost of back pain in the United States is
between $20 and $50 billion annually, (2) back symptoms are the most
common cause of disability in patients under 45 years of age, (3) low
back pain is the second most common reason for visiting a physician
in the United States, and (4) approximately 1% of the U.S. population
is chronically disabled because of back pain.

ANATOMY OF THE SPINE

The anterior portion of the spine consists of cylindrical vertebral bod-
ies separated by intervertebral disks and held together by the anterior
and posterior longitudinal ligaments. The intervertebral disks are com-
posed of a central gelatinous nucleus pulposus surrounded by a tough
cartilagenous ring, the annulus fibrosis; disks are responsible for 25%
of spinal column length (Figs. 15-1 and 15-2). The disks are largest
in the cervical and lumbar regions where movements of the spine are
greatest. The disks are elastic in youth and allow the bony vertebrae
to move easily upon each other. Elasticity is lost with age. The function
of the anterior spine is to absorb the shock of body movements such
as walking and running.

The posterior portion of the spine consists of the vertebral arches
and seven processes. Each arch consists of paired cylindrical pedicles
anteriorly and paired laminae posteriorly. The vertebral arch gives rise
to two transverse processes laterally, one spinous process posteriorly,
plus two superior and two inferior articular facets. The functions of
the posterior spine are to protect the spinal cord and nerves within the
spinal canal and to stabilize the spine by providing sites for the at-
tachment of muscles and ligaments. The contraction of muscles at-
tached to the spinous and transverse processes produces a system of
pulleys and levers that results in flexion, extension, and lateral bending
movements of the spine.

Nerve root injury (radiculopathy) is a common cause of neck, arm,
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low back, and leg pain. The nerve roots exit at a level above their
respective vertebral bodies in the cervical region (the C7 nerve root
exits at the C6-C7 level) and below their respective vertebral bodies
in the thoracic and lumbar regions (the T1 nerve root exits at the T1-T2
level). The cervical nerve roots follow a relatively short intraspinal
course before exiting. By contrast, because the spinal cord ends at the
vertebral L1 or L2 level, the lumbar nerve roots follow a long intra-
spinal course and can be injured anywhere from the upper lumbar spine
to their exit at the intervertebral foramen. For example, it is common
for disk herniation at the L4-L5 level to produce compression of the
S1 nerve root (Fig. 15-3).

Pain-sensitive structures in the spine include the periosteum of the
vertebrae, dura, facet joints, annulus fibrosus of the intervertebral disk,
epidural veins, and the posterior longitudinal ligament. The nucleus
pulposus of the intervertebral disk is not pain-sensitive under normal
circumstances. Pain sensation is conveyed by the sinuvertebral nerve
that arises from the spinal nerve at each spine segment and reenters
the spinal canal through the intervertebral foramen at the same level.
Disease of these diverse pain-sensitive spine structures may explain
many cases of back pain without nerve root compression. The lumbar
and cervical spine possess the greatest potential for movement and
injury.

APPROACH TO THE PATIENT

Types of Back Pain  Understanding the type of pain experienced by
the patient is the essential first step. Attention is also focused on
identification of risk factors for serious underlying diseases.

Local pain is caused by stretching of pain-sensitive structures
that compress or irritate sensory nerve endings. The site of the pain
is near the affected part of the back.

Pain referred to the back may arise from abdominal or pelvic
viscera. The pain is usually described as primarily abdominal or
pelvic but is accompanied by back pain and usually unaffected by
posture. The patient may occasionally complain of back pain only.

Pain of spine origin may be located in the back or referred to
the buttocks or legs. Diseases affecting the upper lumbar spine tend
to refer pain to the lumbar region,
groin, or anterior thighs. Diseases af-
fecting the lower lumbar spine tend
to produce pain referred to the but-
tocks, posterior thighs, or rarely the

Anterior

Intervertebral calves or feet. Provocative injections
foramen into the pain-sensitive structures of
he spine m. T 1 in th
Intervertebral the spine may produce leg pa .t ?t
disk does not follow a dermatomal distri-
bution. This “sclerotomal” pain may
Body

explain instances in which back and
leg pain is unaccompanied by evi-
dence of nerve root compression.
Radicular back pain is typically
sharp and radiates from the spine to
the leg within the territory of a nerve
root (see “Lumbar Disk Disease,”
below). Coughing, sneezing, or vol-
untary contraction of abdominal
muscles (lifting heavy objects or
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straining at stool) may elicit the radiating pain. The pain may in-
crease in postures that stretch the nerves and nerve roots. Sitting
stretches the sciatic nerve (L5 and S1 roots) because the nerve
passes posterior to the hip. The femoral nerve (L2, L3, and L4
roots) passes anterior to the hip and is not stretched by sitting. The
description of the pain alone often fails to distinguish clearly be-
tween sclerotomal pain and radiculopathy.

Pain associated with muscle spasm, although of obscure origin,
is commonly associated with many spine disorders. The spasms are
accompanied by abnormal posture, taut paraspinal muscles, and
dull pain.

Back pain at rest or unassociated with specific postures should
raise the index of suspicion for an underlying serious cause (e.g.,
spine tumor, fracture, infection, or referred pain from visceral struc-
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FIGURE 15-3  Compression of L5 and S1 roots by herniated disk. (From RD Adams
et al: Principles of Neurology, 7th ed. New York, McGraw-Hill, 1997, with permission.)
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tures). Knowledge of the circumstances associated with the onset
of back pain is important when weighing possible serious under-
lying causes for the pain. Some patients involved in accidents or
work-related injuries may exaggerate their pain for the purpose of
compensation or for psychological reasons.

Examination of the Back A physical examination that includes the
abdomen and rectum is advisable. Back pain referred from visceral
organs may be reproduced during palpation of the abdomen [pan-
creatitis, abdominal aortic aneurysm (AAA)] or percussion over
the costovertebral angles (pyelonephritis, adrenal disease).

The normal spine has a thoracic kyphosis, lumbar lordosis, and
cervical lordosis. Exaggeration of these normal alignments may
result in hyperkyphosis (lameback) of the thoracic spine or hyper-
lordosis (swayback) of the lumbar spine. Spasm of lumbar para-
spinal muscles results in flattening of the usual lumbar lordosis.
Inspection may reveal lateral curvature of the spine (scoliosis) or
an asymmetry in the paraspinal muscles, suggesting muscle spasm.
Taut paraspinal muscles limit motion of the lumbar spine. Back
pain of bony spine origin is often reproduced by palpation or per-
cussion over the spinous process of the affected vertebrae.

Forward bending is frequently limited by paraspinal muscle
spasm. Flexion of the hips is normal in patients with lumbar spine
disease, but flexion of the lumbar spine is limited and sometimes
painful. Lateral bending to the side opposite the injured spinal el-
ement may stretch the damaged tissues, worsen pain, and limit
motion. Hyperextension of the spine (with the patient prone or
standing) is limited when nerve root compression or bony spine
disease is present.

Pain from hip disease may resemble the pain of lumbar spine
disease. Hip pain can be reproduced by internal and external ro-
tation at the hip with the knee and hip in flexion (Patrick sign) and
by tapping the heel with the examiner’s palm while the leg is ex-
tended.

With the patient lying flat, passive flexion of the extended leg
at the hip stretches the L5 and S1 nerve roots and the sciatic nerve.
Passive dorsiflexion of the foot during the maneuver adds to the
stretch. While flexion to at least 80° is normally possible without
causing pain, tight hamstrings may be a source of pain in some
patients. The straight leg—raising (SLR) test is positive if the ma-
neuver reproduces the patient’s usual back or limb pain. Eliciting
the SLR sign in the sitting position may help determine if the find-
ing is reproducible. The patient may describe pain in the low back,
buttocks, posterior thigh, or lower leg, but the key feature is repro-
duction of the patient’s usual pain. The crossed SLR sign is positive
when flexion of one leg reproduces the pain in the opposite leg or
buttocks. The crossed SLR sign is less sensitive but more specific
for disk herniation than the SLR sign. The nerve or nerve root
lesion is always on the side of the pain. The reverse SLR sign is
elicited by standing the patient next to the examination table and
passively extending each leg. This maneuver, which stretches the
L2-L4 nerve roots and the femoral nerve, is considered positive if
the patient’s usual back or limb pain is reproduced.

The neurologic examination includes a search for weakness,
muscle atrophy, focal reflex changes, diminished sensation in the
legs, and signs of spinal cord injury. The examiner should be alert
to the possibility of breakaway weakness, defined as fluctuating
levels of strength in one or more muscle groups on examination.
The weakness may be due to pain or a combination of pain and
underlying true weakness. Breakaway weakness without pain is
due to lack of effort. In uncertain cases, electromyography (EMG)
can determine whether or not true weakness is present. Findings
with specific nerve root lesions are shown in Table 15-1 and are
discussed below.

Laboratory, Imaging, and EMG Studies Routine laboratory studies such
as a complete blood count, erythrocyte sedimentation rate, chem-




TABLE 15-1 Lumbosacral Radiculopathy— Neurologic Features

icles, and superior articular fac-

Examination Findings

ets, leaving the posterior ele-

Lumbosacral ments behind. Spondylolisthesis
Nerve Roots  Reflex Sensory Motor Pain Distribution is associated with spondylolysis
. . . . . and degenerative spine disease

L2« — Upper anterior Psoas (hip flexion) Anterior thigh -
s and occurs mor'e frequently in
L3« - Lower anterior Psoas (hip flexion) Anterior thigh, knee women. Th? slippage may be
thigh Quadriceps (knee extension) asymptomatic but may also cause
Anterior knee Thigh adduction low back pain, nerve root injury
L4« Quadriceps Medial calf Quadriceps (knee extension)” Knee, medial calf (the L5 root most frequently),
(knee) Tmfgh‘adducqon Anterolateral thigh or symptomatic spinal stenosis.

Tibialis anterior (foot ..

dorsiflexion) Tenderness may be ellc‘:teq near

L5¢ — Dorsal surface—  Peroneii (foot eversion)? Lateral calf, dorsal the segment that has “slipped
foot Tibialis anterior (foot foot, posterolateral forward (most often L4 on L5 or
Lateral calf dorsiflexion) thigh, buttocks occasionally L5 on S1). A “step”
Gluteus medius (hip may be present on deep palpation
abduction) of the posterior elements of the

Toe dorsiflexors .
S1¢ Gastrocnemius/ Plantar surface— Gastrocnemius/soleus (foot Bottom foot, posterior segrlnem ,above the spondylolis-
soleus (ankle) foot plantar flexion)” calf, posterior thigh, thetic joint. The trunk may be
Lateral aspect— Abductor hallucis (toe flexors)” buttocks shortened and the abdomen pro-
foot Gluteus maximus (hip tuberant as a result of extreme

extension)

forward displacement of L4 on

@ Reverse straight leg—raising sign present—see “Examination of the Back.”
» These muscles receive the majority of innervation from this root.

Straight leg—raising sign present—see “Examination of the Back.”

istry panel, and urinalysis are rarely needed for the initial evalua-
tion of nonspecific ALBP (3 months). If risk factors for a serious
underlying disease are present, then laboratory studies (guided by
the history and examination) are indicated.

Plain films of the lumbar or cervical spine are helpful when risk
factors for vertebral fracture (trauma, chronic steroid use) are
present. In the absence of risk factors, routine x-rays of the lumbar
spine in nonspecific ALBP are expensive and rarely helpful. Mag-
netic resonance imaging (MRI) and computed tomography (CT)—
myelography are the radiologic tests of choice for evaluation of
most serious diseases involving the spine. MRI is superior for the
definition of soft tissue structures, whereas CT-myelography pro-
vides optimal imaging of bony lesions and is tolerated by claustro-
phobic patients. With rare exceptions, conventional myelography
and bone scan are inferior to MRI and CT-myelography.

EMG can be used to assess the functional integrity of the pe-
ripheral nervous system (Chap. 363). Sensory nerve conduction
studies are normal when focal sensory loss is due to nerve root
damage because the nerve roots are proximal to the nerve cell bod-
ies in the dorsal root ganglia. The diagnostic yield of needle EMG
is higher than that of nerve conduction studies for radiculopathy.
Denervation changes in a myotomal (segmental) distribution are
detected by sampling multiple muscles supplied by different nerve
roots and nerves; the pattern of muscle involvement indicates the
nerve root(s) responsible for the injury. Needle EMG provides ob-
jective information about motor nerve fiber injury when the clinical
evaluation of weakness is limited by pain or poor effort. EMG and
nerve conduction studies will be normal when only limb pain or
sensory nerve root injury or irritation is present. Mixed nerve so-
matosensory evoked potentials and F-wave studies are of uncertain
value in the evaluation of radiculopathy.

CAUSES OF BACK PAIN (Table 15-2)

L5; in severe cases cauda equina
syndrome (CES) may occur (see
below).

Spina bifida occulta is a fail-
ure of closure of one or several vertebral arches posteriorly; the me-
ninges and spinal cord are normal. A dimple or small lipoma may
overlie the defect. Most cases are asymptomatic and discovered inci-
dentally during evaluation for back pain.

Tethered cord syndrome usually presents as a progressive cauda

TABLE 15-2 Causes of Low Back and Neck Pain

Congenital/developmental

Spondylolysis and spondylolisthesis®

Kyphoscoliosis®

Spina bifida occulta“

Tethered spinal cord®
Minor trauma

Strain or sprain

Whiplash injury”
Fractures

Traumatic—falls, motor vehicle accidents

Atraumatic— osteoporosis, neoplastic infiltration, exogenous steroids
Intervertebral disk herniation
Degenerative

Disk-osteophyte complex

Internal disk disruption

Spinal stenosis with neurogenic claudication®

Uncovertebral joint disease”

Atlantoaxial joint disease (e.g., rheumatoid arthritis)*
Arthritis

Spondylosis

Facet or sacroiliac arthropathy

Autoimmune (e.g., anklyosing spondylitis, Reiter’s syndrome)
Neoplasms— metastatic, hematologic, primary bone tumors
Infection/inflammation

Vertebral osteomyelitis

Spinal epidural abscess

Septic disk

Meningitis

Lumbar arachnoiditis®
Metabolic

Osteoporosis— hyperparathyroidism, immobility

CONGENITAL ANOMALIES OF THE LUMBAR SPINE Spondylolysis is a bony
defect in the pars interarticularis (a segment near the junction of the
pedicle with the lamina) of the vertebra; the etiology may be a stress
fracture in a congenitally abnormal segment. The defect (usually bi-
lateral) is best visualized on oblique projections in plain x-rays or by
CT scan and occurs in the setting of a single injury, repeated minor
injuries, or growth.

Spondylolisthesis is the anterior slippage of the vertebral body, ped-

Osteosclerosis (e.g., Paget’s disease)
Other
Referred pain from visceral disease
Postural
Psychiatric, malingering, chronic pain syndromes
Vertebral artery dissection®

¢ Low back pain only.
» Neck pain only.



equina disorder (see below), although myelopathy may also be the
initial manifestation. The patient is often a young adult who complains
of perineal or perianal pain, sometimes following minor trauma. Neu-
roimaging studies reveal a low-lying conus (below L1-L2) and a short
and thickened filum terminale.

TRAUMA A patient complaining of back pain and inability to move the
legs may have a spinal fracture or dislocation and, with fractures above
L1, spinal cord compression. Care must be taken to avoid further dam-
age to the spinal cord or nerve roots by immobilizing the back pending
results of x-rays.

Sprains and Strains The terms low back sprain, strain, or mechanically
induced muscle spasm refer to minor, self-limited injuries associated
with lifting a heavy object, a fall, or a sudden deceleration such as in
an automobile accident. These terms are used loosely and do not
clearly describe a specific anatomic lesion. The pain is usually con-
fined to the lower back, and there is no radiation to the buttocks or
legs. Patients with paraspinal muscle spasm often assume unusual pos-
tures.

Traumatic Vertebral Fractures Most traumatic fractures of the lumbar ver-
tebral bodies result from injuries producing anterior wedging or
compression. With severe trauma, the patient may sustain a fracture-
dislocation or a “burst” fracture involving the vertebral body and pos-
terior elements. Traumatic vertebral fractures are caused by falls from
a height (a pars interarticularis fracture of the L5 vertebra is common),
sudden deceleration in an automobile accident, or direct injury. Neu-
rologic impairment is common, and early surgical treatment is indi-
cated.

LUMBAR DISK DISEASE  This is a common cause of chronic or recurrent
low back and leg pain (Fig. 15-4). Disk disease is most likely to occur
at the L4-L5 and L5-S1 levels, but upper lumbar levels are involved
occasionally. The cause is often unknown; the risk is increased in
overweight individuals. Disk herniation is unusual prior to age 20 and
is rare in the fibrotic disks of the elderly. Degeneration of the nucleus
pulposus and the annulus fibrosus increases with age and may be
asymptomatic or painful. The pain may be located in the low back
only or referred to the leg, buttock, or hip. A sneeze, cough, or trivial
movement may cause the nucleus pulposus to prolapse, pushing the
frayed and weakened annulus posteriorly. With severe disk disease,
the nucleus may protrude through the annulus (herniation) or become
extruded to lie as a free fragment in the spinal canal.

The mechanism by which intervertebral disk injury causes back

FIGURE 15-4 MRI of lumbar herniated disk; left S1 radiculopathy. Sagittal Ti-
weighted image on the left with arrows outlining disk margins. Sagittal T2 image on
the right reveals a protruding disk at the L5-51 level (arrows), which displaces the
central thecal sac.
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pain is controversial. The inner annulus fibrosus and nucleus pulposus
are normally devoid of innervation. Inflammation and production of
proinflammatory cytokines within the protruding or ruptured disk may
trigger or perpetuate back pain. Ingrowth of nociceptive (pain) nerve
fibers into inner portions of a diseased disk may be responsible for
chronic “diskogenic” pain. Nerve root injury (radiculopathy) from disk
herniation may be due to compression, inflammation, or both; patho-
logically, demyelination and axonal loss are usually present.

Symptoms of a ruptured disk include back pain, abnormal posture,
limitation of spine motion (particularly flexion), or radicular pain. A
dermatomal pattern of sensory loss or a reduced or absent deep tendon
reflex is more suggestive of a specific root lesion than the pattern of
pain. Motor findings (focal weakness, muscle atrophy, or fascicula-
tions) occur less frequently than sensory or reflex changes. Symptoms
and signs are usually unilateral, but bilateral involvement does occur
with large central disk herniations that compress several nerve roots
at the same level. Clinical manifestations of specific nerve root lesions
are summarized in Table 15-1. There is evidence to suggest that lumbar
disk herniation with a nonprogressive nerve root deficit can be man-
aged nonsurgically. The size of the disk protrusion may naturally de-
crease over time.

The differential diagnosis includes a variety of serious and treatable
conditions, including epidural abscess, hematoma, or tumor. Fever,
constant pain uninfluenced by position, sphincter abnormalities, or
signs of spinal cord disease suggest an etiology other than lumbar disk
disease. Bilateral absence of ankle reflexes can be a normal finding in
old age or a sign of bilateral S1 radiculopathy. An absent deep tendon
reflex or focal sensory loss may reflect injury to a nerve root, but other
sites of injury along the nerve must also be considered. For example,
an absent knee reflex may be due to a femoral neuropathy rather than
an L4 nerve root injury. A loss of sensation over the foot and distal
lateral calf may result from a peroneal or lateral sciatic neuropathy
rather than an L5 nerve root injury. Focal muscle atrophy may reflect
a nerve root or peripheral nerve injury, an anterior horn cell disease,
or disuse.

An MRI scan or CT-myelogram is necessary to establish the lo-
cation and type of pathology. Simple MRI yields exquisite views of
intraspinal and adjacent soft tissue anatomy. Bony lesions of the lateral
recess or intervertebral foramen may be seen with optimal clarity on
CT-myelographic studies. The correlation of neuroradiologic findings
to symptoms, particularly pain, is not simple. Contrast-enhancing tears
in the annulus fibrosus or disk protrusions are widely accepted as com-
mon sources of back pain; however, one study found that over half of
asymptomatic adults have similar findings. Asymptomatic disk protru-
sions are also common, and these abnormalities may enhance with
contrast. Furthermore, in patients with known disk herniation treated
either medically or surgically, persistence of the herniation 10 years
later had no relationship to the clinical outcome. MRI findings of disk
protrusion, tears in the annulus fibrosus, or contrast enhancement are
common incidental findings that by themselves should not dictate
management decisions for patients with back pain.

There are four indications for intervertebral disk surgery: (1) pro-
gressive motor weakness from nerve root injury demonstrated on clin-
ical examination or EMG, (2) bowel or bladder disturbance or other
signs of spinal cord compression, (3) incapacitating nerve root pain
despite conservative treatment for at least 4 weeks, and (4) recurrent
incapacitating pain despite conservative treatment. The latter two cri-
teria are more subjective and less well established than the others.
Surgical treatment should also be considered if the pain and/or neu-
rologic findings do not substantially improve over 4 to 12 weeks.

The usual surgical procedure is a partial hemilaminectomy with
excision of the prolapsed disk. Fusion of the involved lumbar segments
is considered only if significant spinal instability is present (i.e., de-
generative spondylolisthesis or isthmic spondylolysis).

CES is an injury of multiple lumbosacral nerve roots within the
spinal canal. Low back pain, weakness and areflexia in the lower ex-
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tremities, saddle anesthesia, and loss of bladder function may occur.
The problem must be distinguished from disorders of the lower spinal
cord (conus medullaris syndrome), acute transverse myelitis (Chap.
356), and Guillain-Barré syndrome (Chap. 365). Combined involve-
ment of the conus medullaris and cauda equina can occur. CES is
commonly due to a ruptured lumbosacral intervertebral disk, lumbo-
sacral spine fracture, hematoma within the spinal canal (e.g., following
lumbar puncture in patients with coagulopathy), compressive tumors,
or other mass lesions. Treatment options include surgical decompres-
sion, sometimes urgently in an attempt to restore or preserve motor or
sphincter function, or palliative radiotherapy or chemotherapy for
metastatic tumors.

DEGENERATIVE CONDITIONS  Lumbar spinal stenosis describes a narrowed
lumbar spinal canal. When severe, neurogenic claudication, consisting
of back and buttock or leg pain induced by walking or standing and
relieved by sitting, can occur. Symptoms in the legs are usually bilat-
eral. Unlike vascular claudication, symptoms are often provoked by
standing without walking. Unlike lumbar disk disease, symptoms are
usually relieved by sitting. Focal weakness, sensory loss, or reflex
changes may occur when spinal stenosis is associated with radiculop-
athy. Severe neurologic deficits, including paralysis and urinary in-
continence, occur rarely. Spinal stenosis can be acquired (75%),
congenital, or due to a combination of the two causes. Congenital
forms (achondroplasia, idiopathic) are characterized by short, thick
pedicles that produce both spinal canal and lateral recess stenosis.
Acquired factors that may contribute to spinal stenosis include degen-
erative diseases (spondylosis, spondylolisthesis, scoliosis), trauma,
spine surgery (postlaminectomy, fusion), metabolic or endocrine dis-
orders (epidural lipomatosis, osteoporosis, acromegaly, renal osteo-
dystrophy, hypoparathyroidism), and Paget’s disease. MRI or
CT-myelography provide the best definition of the abnormal anatomy
(Fig. 15-5).

Conservative treatment of symptomatic spinal stenosis includes
nonsteroidal anti-inflammatory drugs (NSAIDs), exercise programs,
and symptomatic treatment of acute pain exacerbations. Surgical ther-
apy is considered when medical therapy does not relieve pain suffi-
ciently to allow for activities of daily living or when significant focal
neurologic signs are present. Between 65 and 80% of properly selected
patients treated surgically experience 75% relief of back and leg pain.
Up to 25% develop recurrent stenosis at the same spinal level or an
adjacent level 5 years after the initial surgery; recurrent symptoms
usually respond to a second surgical decompression.

Facet joint hypertrophy can produce unilateral radicular symptoms
or signs due to bony compression, that are indistinguishable from disk-
related radiculopathy. Patients may exhibit stretch signs, focal motor

FIGURE 15-5
of a normal (left) and stenotic (right) lumbar spine, revealing multifocal narrowing
(arrows) of the cerebrospinal fluid spaces surrounding the nerve roots within the thecal
sac.

Spinal stenosis. Sagittal T2 fast spin echo magnetic resonance imaging

weakness, hyporeflexia, or dermatomal sensory loss. Hypertrophic su-
perior or inferior facets can often be visualized radiologically. Fora-
minotomy results in long-term relief of leg and back pain in 80 to 90%
of patients.

ARTHRITIS Spondylosis, or osteoarthritic spine disease, typically occurs
in later life and primarily involves the cervical and lumbosacral spine.
Patients often complain of back pain that is increased by motion and
associated with stiffness or limitation of motion. The relationship be-
tween clinical symptoms and radiologic findings is usually not
straightforward. Pain may be prominent when x-ray findings are min-
imal; alternatively, large osteophytes can be seen in asymptomatic
patients in middle and later life. Hypertrophied facets and osteophytes
may compress nerve roots in the lateral recess or intervertebral fora-
men. Osteophytes arising from the vertebral body may cause or con-
tribute to central spinal canal stenosis. Loss of intervertebral disk
height reduces the vertical dimensions of the intervertebral foramen;
the descending pedicle may compress the nerve root exiting at that
level. Rarely, osteoarthritic changes in the lumbar spine compress the
cauda equina.

Ankylosing Spondylitis (See also Chap. 305) This distinctive arthritic
spine disease typically presents with the insidious onset of low back
and buttock pain. Patients are often males below age 40. Associated
features include morning back stiffness, nocturnal pain, pain unre-
lieved by rest, an elevated sedimentation rate, and the histocompati-
bility antigen HLA-B27. Onset at a young age and back pain
improving with exercise is characteristic. Loss of the normal lumbar
lordosis and exaggeration of thoracic kyphosis are seen as the disease
progresses. Inflammation and erosion of the outer fibers of the annulus
fibrosus at the point of contact with the vertebral body are followed
by ossification and bony growth that bridges adjacent vertebral bodies
and reduces spine mobility in all planes. Radiologic hallmarks are
periarticular destructive changes, sclerosis of the sacroiliac joints, and
bridging of vertebral bodies to produce the fused “bamboo spine.”
Similar restricted movements may accompany Reiter’s syndrome, pso-
riatic arthritis, and chronic inflammatory bowel disease. Stress frac-
tures through the spontaneously ankylosed posterior bony elements of
the rigid, osteoporotic spine may produce focal pain, spinal cord com-
pression, or CES. Atlantoaxial subluxation with spinal cord compres-
sion occasionally occurs. Ankylosis of the ribs to the spine and a
decrease in the height of the thoracic spine may compromise respira-
tory function.

NEOPLASMS (See also Chap. 358) Back pain is the most common neu-
rologic symptom in patients with systemic cancer and is usually due
to vertebral metastases. Metastatic carcinoma (breast, lung, prostate,
thyroid, kidney, gastrointestinal tract), multiple myeloma, and non-
Hodgkin’s and Hodgkin’s lymphomas frequently involve the spine.
Back pain may be the presenting symptom. The pain tends to be con-
stant, dull, unrelieved by rest, and worse at night. In contrast, me-
chanical low back pain usually improves with rest. Plain x-rays
usually, but not always, show destructive lesions in one or several
vertebral bodies without disk space involvement. MRI or CT-myelog-
raphy are the studies of choice when spinal metastasis is suspected.
MRI is usually preferred, but the procedure of choice is the study most
rapidly available because the patient’s condition may worsen quickly.

INFECTIONS/INFLAMMATION  Vertebral osteomyelitis is usually caused by
staphylococci, but other bacteria or the tubercle bacillus (Pott’s dis-
ease) may be responsible. A primary source of infection, most often
the urinary tract, skin, or lungs, can be identified in 40% of patients.
Intravenous drug use is a well-recognized risk factor. Back pain ex-
acerbated by motion and unrelieved by rest, spine tenderness over the
involved spine segment, and an elevated erythrocyte sedimentation
rate are the most common findings. Fever or an elevated white blood
cell count are found in a minority of patients. Plain radiographs may
show a narrowed disk space with erosion of adjacent vertebrae; how-
ever, these diagnostic changes may take weeks or months to appear.
MRI and CT are sensitive and specific for osteomyelitis; CT may be



more readily available in emergency settings and better tolerated by
some patients with severe back pain.

Spinal epidural abscess (Chap. 356) presents with back pain (ag-
gravated by movement or palpation) and fever. Signs of nerve root
injury or spinal cord compression may be present. The abscess may
track over multiple spinal levels and is best delineated by spine MRI.

Lumbar adhesive arachnoiditis with radiculopathy is due to fibrosis
following inflammation within the subarachnoid space. The fibrosis
results in nerve root adhesions, producing back and leg pain associated
with motor, sensory, or reflex changes. Myelography-induced arach-
noiditis has become rare with the abandonment of oil-based contrast.
Other causes of arachnoiditis include multiple lumbar operations,
chronic spinal infections, spinal cord injury, intrathecal hemorrhage,
intrathecal injection of glucocorticoids or anesthetics, and foreign bod-
ies. The MRI may show nerve roots that clump together centrally and
adhere to the dura peripherally, or loculations of cerebrospinal fluid
within the thecal sac. Treatment is often unsatisfactory. Microsurgical
lysis of adhesions, dorsal rhizotomy, and dorsal root ganglionectomy
have resulted in poor outcomes. Dorsal column stimulation for pain
relief has produced varying results. Epidural injections of glucocorti-
coids have been of limited value.

METABOLIC CAUSES m Osteoporosis and Osteosclerosis Immobilization or
underlying systemic disorders such as osteomalacia, hyperparathy-
roidism, hyperthyroidism, multiple myeloma, metastatic carcinoma, or
glucocorticoid use may accelerate osteoporosis and weaken the ver-
tebral body. The most common causes of atraumatic vertebral body
fractures are postmenopausal (type 1) or senile (type 2) osteoporosis
(Chap. 333). Compression fractures occur in up to half of patients with
severe osteoporosis, and those who sustain a fracture have a 4.5-fold
increased risk for recurrence. The sole manifestation of a compression
fracture may be localized aching (often after a trivial injury) that is
exacerbated by movement. Other patients experience radicular pain
only. Focal tenderness to palpation is common. The clinical context,
neurologic signs, and x-ray appearance of the spine establish the di-
agnosis. When compression fractures are found, treatable risk factors
should be sought. Antiresorptive drugs including bisphosphonates
(e.g., alendronate), transdermal estrogen, and tamoxifen have been
shown to reduce the risk of osteoporotic fractures. Compression frac-
tures above the midthoracic region suggest malignancy; if tumor is
suspected, a bone biopsy or diagnostic search for a primary tumor is
indicated.

Interventions [percutaneous vertebroplasty (PVP), kyphoplasty]
exist for osteoporotic compression fractures associated with debilitat-
ing pain. Candidates for PVP should have midline pain, focal tender-
ness over the spinous process of the affected vertebral body, <80%
loss of vertebral body height, and onset of symptoms within the prior
4 months. The technique consists of injection of polymethylmethac-
rylate, under fluoroscopic guidance, into the affected vertebral body.
Rare major complications include extravasation of cement into the
epidural space (resulting in myelopathy) or fatal pulmonary embolism
from migration of cement into paraspinal veins. Approximately three-
quarters of patients who meet selection criteria have reported enhanced
quality of life. Relief of pain following PVP has also been reported in
patients with vertebral metastases, myeloma, or hemangiomas.

Osteosclerosis (abnormally increased bone density) is readily iden-
tifiable on routine x-ray studies (e.g., Paget’s disease) and may or may
not produce back pain. Spinal cord or nerve root compression may
result from bony encroachment on the spinal canal or intervertebral
foramina. Single dual-beam photon absorptiometry or quantitative CT
can be used to detect small changes in bone mineral density. —For
further discussion of these bone disorders, see Chaps. 332-334.

REFERRED PAIN FROM VISCERAL DISEASE Diseases of the thorax, abdo-
men, or pelvis may refer pain to the posterior portion of the spinal
segment that innervates the diseased organ. Occasionally, back pain
may be the first and only sign. Upper abdominal diseases generally
refer pain to the lower thoracic or upper lumbar region (eighth thoracic
to the first and second lumbar vertebrae), lower abdominal diseases to
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the lumbar region (second to fourth lumbar vertebrae), and pelvic dis-
eases to the sacral region. Local signs (pain with spine palpation, par-
aspinal muscle spasm) are absent, and minimal or no pain accompanies
normal spine movements.

Low Thoracic or Lumbar Pain with Abdominal Disease Peptic ulcers or tu-
mors of the posterior wall of the stomach or duodenum typically pro-
duce epigastric pain (Chaps. 77 and 274), but midline back or
paraspinal pain may occur if retroperitoneal extension is present. Back
pain due to peptic ulcer may be precipitated by ingestion of an orange,
alcohol, or coffee and relieved by food or antacids. Fatty foods are
more likely to induce back pain associated with biliary disease. Dis-
eases of the pancreas produce back pain to the right of the spine (head
of the pancreas involved) or to the left (body or tail involved). Pa-
thology in retroperitoneal structures (hemorrhage, tumors, pyelone-
phritis) produces paraspinal pain that radiates to the lower abdomen,
groin, or anterior thighs. A mass in the iliopsoas region often produces
unilateral lumbar pain with radiation toward the groin, labia, or testi-
cles. The sudden appearance of lumbar pain in a patient receiving
anticoagulants suggests retroperitoneal hemorrhage.

Isolated low back pain occurs in 15 to 20% of patients with a
contained rupture of an abdominal aortic aneurysm (AAA). The classic
clinical triad of abdominal pain, shock, and back pain in an elderly
man occurs in <20% of patients. Two of these three features are
present in two-thirds of patients, and hypotension is present in half.
The typical patient is an elderly male smoker with back pain. The
diagnosis is initially missed in at least one-third of patients because
the symptoms and signs can be nonspecific. Common misdiagnoses
include nonspecific back pain, diverticulitis, renal colic, sepsis, and
myocardial infarction. A careful abdominal examination revealing a
pulsatile mass (present in 50 to 75% of patients) is an important phys-
ical finding. Patients with suspected AAA should be evaluated with
ultrasound, CT, or MRI (Chap. 231).

Inflammatory bowel disorders (colitis, diverticulitis) or cancers of
the colon may produce lower abdominal pain, midlumbar back pain,
or both. The pain may have a beltlike distribution around the body. A
lesion in the transverse or proximal descending colon may refer pain
to the middle or left back at the L2-L3 level. Lesions of the sigmoid
colon may refer pain to the upper sacral or midline suprapubic regions
or left lower quadrant of the abdomen.

Sacral Pain with Gynecologic and Urologic Disease Pelvic organs rarely
cause low back pain, except for gynecologic disorders involving the
uterosacral ligaments. The pain is referred to the sacral region. En-
dometriosis or cancers of the uterus may invade the uterosacral liga-
ments; malposition of the uterus may cause uterosacral ligament
traction. Pain associated with endometriosis is typically premenstrual
and often continues until it merges with menstrual pain. Malposition
of the uterus (retroversion, descensus, and prolapse) may produce
sacral pain after prolonged standing.

Menstrual pain may be felt in the sacral region. The poorly local-
ized, cramping pain can radiate down the legs. Pain due to neoplastic
infiltration of nerves is typically continuous, progressive in severity,
and unrelieved by rest at night. Less commonly, radiation therapy of
pelvic tumors may produce sacral pain from late radiation necrosis of
tissue or nerves. Low back pain that radiates into one or both thighs
is common in the last weeks of pregnancy.

Urologic sources of lumbosacral back pain include chronic pros-
tatitis, prostate cancer with spinal metastasis, and diseases of the kid-
ney and ureter. Lesions of the bladder and testes do not usually produce
back pain. The diagnosis of metastatic prostate carcinoma is estab-
lished by rectal examination, spine imaging studies (MRI or CT), and
measurement of prostate-specific antigen (Chap. 81). Infectious, in-
flammatory, or neoplastic renal diseases may produce ipsilateral lum-
bosacral pain, as can renal artery or vein thrombosis. Paraspinal lumbar
pain may be a symptom of ureteral obstruction due to nephrolithiasis.
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OTHER CAUSES OF BACK PAIN m Postural Back Pain There is a group of
patients with nonspecific CLBP in whom no anatomic or pathologic
lesion can be found despite exhaustive investigation. These individuals
complain of vague, diffuse back pain with prolonged sitting or stand-
ing that is relieved by rest. The physical examination is unrevealing
except for “poor posture.” Imaging studies and laboratory evaluations
are normal. Exercises to strengthen the paraspinal and abdominal mus-
cles are sometimes therapeutic.

Psychiatric Disease CLBP may be encountered in patients who seek
financial compensation, in malingerers, or in those with concurrent
substance abuse, chronic anxiety states, or depression. Many patients
with CLBP have a history of psychiatric illness (depression, anxiety,
substance abuse) or childhood trauma (physical or sexual abuse)
that antedates the onset of back pain. Preoperative psychological
assessment has been used to exclude patients with marked psycholog-
ical impairments; these patients are likely to have a poor surgical
outcome.

Unidentified The cause of low back pain occasionally remains unclear.
Some patients have had multiple operations for disk disease but have
persistent pain and disability. The original indications for surgery may
have been questionable, with back pain only, no definite neurologic
signs, or a minor disk bulge noted on CT or MRI. Scoring systems
based upon neurologic signs, psychological factors, physiologic stud-
ies, and imaging studies have been devised to minimize the likelihood
of unsuccessful surgical explorations.

TREATMENT

Acute Low Back Pain A practical approach to the management of low
back pain is to consider acute and chronic presentations separately.
ALBP is defined as pain of <3 months duration. Full recovery can be
expected in 85% of adults with ALBP unaccompanied by leg pain.
Most have purely “mechanical” symptoms—i.e., pain that is aggra-
vated by motion and relieved by rest.

Observational studies have been used to justify a minimalist ap-
proach to this problem. These studies share a number of limitations:
(1) a true placebo control group is often lacking; (2) patients who
consult different provider groups (generalists, orthopedists, neurolo-
gists) are assumed to have similar etiologies for their back pain; (3)
no information is provided about the details of treatment; and (4) no
attempt to tabulate serious causes of ALBP is made.

The algorithms for the treatment of back pain (Fig. 15-6) draw from
published guidelines. However, since CPGs are based on incomplete
evidence, guidelines should not substitute for clinical judgment.

The initial assessment excludes serious causes of spine pathology
that require urgent intervention, including infection, cancer, and
trauma. Risks factors for a possible serious underlying cause of back
pain include: age >50 years, prior diagnosis of cancer or other serious
medical illness, bed rest without relief, duration of pain >1 month,
urinary incontinence or recent nocturia, focal leg weakness or numb-
ness, pain radiating into the leg(s) from the back, intravenous drug
use, chronic infection (pulmonary or urinary), pain increasing with
standing and relieved by sitting, history of spine trauma, and gluco-
corticoid use. Worrisome signs include unexplained fever, unex-
plained weight loss, positive SLR sign or reverse SLR sign, crossed
SLR sign, percussion tenderness over the spine or costovertebral angle,
an abdominal mass (pulsatile or nonpulsatile), a rectal mass, focal
sensory loss (saddle anesthesia or focal limb sensory loss), leg weak-
ness, spasticity, or reflex asymmetry. Laboratory studies are unnec-
essary unless a serious underlying cause is suspected. Plain spine films
are rarely indicated in the first month of symptoms unless a spine
fracture is suspected.

Clinical trials have shown no benefit of prolonged (>2 days) bed
rest for uncomplicated ALBP. There is evidence that bed rest is also
ineffective for patients with sciatica or for acute back pain with find-
ings of nerve root injury. Theoretical advantages of early ambulation

for ALBP include maintenance of cardiovascular conditioning, im-
proved disk and cartilage nutrition, improved bone and muscle
strength, and increased endorphin levels. A trial examining the effects
of a program of early vigorous exercise was negative, but the benefits
of less vigorous exercise or other exercise programs are unknown. The
early resumption of normal physical activity (without heavy manual
labor) is likely to be beneficial. Traction for ALBP is not effective, as
shown in well-designed clinical trials that include a “sham” traction
control group. Despite this knowledge, in one survey physicians iden-
tified strict bed rest for 3 days, trigger point injections (see below),
and physical therapy (PT) as beneficial for ALBP. In many instances,
the behavior of treating physicians does not reflect the current medical
literature.

Proof is lacking to support the treatment of acute back and neck
pain with acupuncture, transcutaneous electrical nerve stimulation,
massage, ultrasound, diathermy, or electrical stimulation. Cervical col-
lars can be modestly helpful by limiting spontaneous and reflex neck
movements that exacerbate pain. Evidence regarding the efficacy of
ice or heat is lacking, but these interventions are optional given the
lack of negative evidence, low cost, and low risk. Biofeedback has not
been studied rigorously. Facet joint, trigger point, and ligament injec-
tions are not recommended.

A role for modification of posture has not been validated by rig-
orous clinical studies. As a practical matter, temporary suspension of
activity known to increase mechanical stress on the spine (heavy lift-
ing, prolonged sitting, bending or twisting, straining at stool) may be
helpful.

Education is an important part of treatment. Satisfaction and the
likelihood of follow-up increase when patients are educated about
prognosis, treatment methods, activity modifications, and strategies to
prevent future exacerbations. In one study, patients who felt they did
not receive an adequate explanation for their symptoms wanted further
diagnostic tests. Evidence for the efficacy of structured education pro-
grams (“back school”) is inconclusive; in one study, patients attending
back school had a shorter duration of sick leave during the initial
episode but not during subsequent episodes. Randomized studies of
back school for primary prevention of low back injury and pain have
failed to demonstrate any benefit.

NSAIDs and acetaminophen are effective over-the-counter agents
for ALBP. Muscle relaxants (cyclobenzaprine, methocarbamol) pro-
vide short-term (4 to 7 days) benefit, but drowsiness limits daytime
use. Opioid analgesics are no more effective than NSAIDs or aceta-
minophen for initial treatment of ALBP, nor do they increase the like-
lihood of return to work. Short-term use of opioids in patients
unresponsive to or intolerant of acetaminophen or NSAIDs may be
helpful. There is no evidence to support the use of oral glucocorticoids
or tricyclic antidepressants for ALBP.

Epidural glucocorticoids may occasionally produce short-term pain
relief in ALBP and radiculopathy, but proof is lacking for pain relief
beyond 1 month. Epidural anesthetics, glucocorticoids, or opioids are
not indicated in the initial treatment of ALBP without radiculopathy.
Diagnostic nerve root blocks have been advocated to determine if pain
originates from a specific nerve root. However, improvement may re-
sult even when the nerve root is not responsible for the pain syndrome;
this may occur with placebo effects, painful lesions located distally
along the peripheral nerve, or anesthesia of the sinuvertebral nerve.
Therapeutic nerve root blocks with injection of glucocorticoids and a
local anesthetic is an option after conservative measures fail, particu-
larly when temporary relief of pain is necessary.

A short course of spinal manipulation or PT for symptomatic relief
of uncomplicated ALBP is an option. A prospective, randomized study
comparing PT, chiropractic manipulation, and education interventions
for patients with ALBP found modest trends toward benefit with both
PT and chiropractic manipulation at 1 year. Costs per year were equiv-
alent in the PT/chiropractic group and ~$280 less for the group treated
with the education booklet alone. The value of such treatment beyond
1 year is unknown. Similarly, the specific PT or chiropractic protocols
that may provide benefit have not been fully defined.
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FIGURE 15-6  Algorithms for management of acute low back pain, age = 18 years.
A. Symptoms <3 months, first 4 weeks. B. Management weeks 4-12. (1), entry point
from Algorithm C postoperatively or if patient declines surgery. C. Surgical options.
(NSAIDs, nonsteroidal anti-inflammatory drugs; CBC, complete blood count; ESR, eryth-

Chronic Low Back Pain CLBP, defined as pain lasting >12 weeks, ac-
counts for 50% of total back pain costs. Overweight individuals appear
to be at particular risk. Other risk factors include: female gender, older
age, prior history of back pain, restricted spinal mobility, pain radiating
into a leg, high levels of psychological distress, poor self-rated health,
minimal physical activity, smoking, job dissatisfaction, and wide-
spread pain. Combinations of these premorbid factors have been used
to predict which individuals with ALBP are likely to develop CLBP.
The initial approach to these patients is similar to that for ALBP, and
the differential diagnosis is similar. Treatment of this heterogeneous
group of patients is directed toward the underlying cause when known;
the ultimate goal is to restore function to the greatest extent possible.

Many conditions that produce CLBP can be identified by a com-
bination of neuroimaging and electrophysiologic studies. Spine MRI
or CT-myelography are the techniques of choice but are generally not

rocyte sedimentation rate; UA, urinalysis; EMG, electromyography; NCV, nerve conduc-
tion velocity studies; MRI, magnetic resonance imaging; CT, computed tomography;
CNS, central nervous system.)

indicated within the first month after initial evaluation in the absence
of risk factors for a serious underlying cause. Imaging studies should
be performed only in circumstances where the results are likely to
influence surgical or medical treatment.

Diskography provides no additional anatomic information beyond
what is available by MRI. Reproduction of the patient’s typical pain
with the injection is often used as evidence that a specific disk is the
pain generator, but it is not known whether this information has any
value in selecting candidates for surgery. There is no proven role for
thermography in the assessment of radiculopathy.

The diagnosis of nerve root injury is most secure when the history,
examination, results of imaging studies, and the EMG are concordant.
The correlation between CT and EMG for localization of nerve root
injury is between 65 and 73%. Up to one-third of asymptomatic adults
have a disk protrusion detected by CT or MRI scans. Thus, surgical



TABLE 15-3 Cervical Radiculopathy— Neurologic Features

Examination Findings

Cervical
Nerve Roots Reflex Sensory Motor Pain Distribution
C5 Biceps Over lateral Supraspinatus? (initial arm abduction) Lateral arm, medial
deltoid Infraspinatus® (arm external rotation) scapula
Deltoid* (arm abduction)
Biceps (arm flexion)
C6 Biceps Thumb, index Biceps (arm flexion) Lateral forearm,
fingers Pronator teres (internal forearm rotation) thumb, index finger
Radial hand/
forearm
C7 Triceps Middle fingers Triceps® (arm extension) Posterior arm, dorsal
Dorsum Wrist extensors® forearm, lateral
forearm Extensor digitorum¢ (finger extension) hand
C8 Finger Little finger Abductor pollicis brevis (abduction D1) 4th and 5th fingers,
flexors Medial hand First dorsal interosseous (abduction D2) medial forearm
and forearm Abductor digiti minimi (abduction D5)
T1 Finger Axilla and Abductor pollicis brevis (abduction D1) Medial arm, axilla
flexors medial arm First dorsal interosseous (abduction D2)

Abductor digiti minimi (abduction D5)

essential to minimize further spi-
nal cord injury from movement
of unstable cervical spine seg-
ments.

Whiplash injury is due to
trauma (usually automobile acci-
dents) causing cervical musculo-
ligamental sprain or strain due to
hyperflexion or hyperextension.
This diagnosis should not be ap-
plied to patients with fractures,
disk herniation, head injury, or
altered consciousness. One pro-
spective study found that 18% of
patients with whiplash injury had
persistent injury-related symp-
toms 2 years after the car acci-
dent. These patients were older,
had a higher incidence of inclined

¢ These muscles receive the majority of innervation from this root.

intervention based solely upon radiologic findings increases the like-
lihood of an unsuccessful outcome.

CLBP can be treated with a variety of conservative measures. Acute
and subacute exacerbations are managed with NSAIDs and comfort
measures. There is no good evidence to suggest that one NSAID is
more effective than another. Bed rest should not exceed 2 days. Ac-
tivity tolerance is the primary goal, while pain relief is secondary.
Exercise programs can reverse atrophy in paraspinal muscles and
strengthen extensors of the trunk. Intensive physical exercise or “work
hardening” regimens (under the guidance of a physical therapist) have
been effective in returning some patients to work, improving walking
distances, and diminishing pain. The benefit can be sustained with
home exercise regimens; compliance with the exercise regimen
strongly influences outcome. The role of manipulation, back school,
or epidural steroid injections in the treatment of CLBP is unclear. Up
to 30% of epidural steroid injections performed without fluoroscopic
guidance miss the epidural space even when performed by an expe-
rienced anesthesiologist. There is no strong evidence to support the
use of acupuncture or traction. A reduction in sick leave days, long-
term health care utilization, and pension expenditures may offset the
initial expense of multidisciplinary treatment programs. In one study
comparing 3 weeks of hydrotherapy versus routine ambulatory care,
hydrotherapy reduced the duration and intensity of back pain, reduced
analgesic drug consumption, improved spine mobility, and improved
function. Function returned to baseline at the 9-month follow-up, but
all other beneficial effects were sustained. Percutaneous electrical
nerve stimulation (PENS) has been shown to provide significant short-
term relief of CLBP, but additional studies regarding its long-term
efficacy and cost are needed.

PAIN IN THE NECK AND SHOULDER (Table 15-2)

Neck pain, which usually arises from diseases of the cervical spine
and soft tissues of the neck, is common (4.6% of adults in one study).
Neck pain arising from the cervical spine is typically precipitated by
movements and may be accompanied by focal tenderness and limita-
tion of motion. Pain arising from the brachial plexus, shoulder, or
peripheral nerves can be confused with cervical spine disease, but the
history and examination usually identify a more distal origin for the
pain. Cervical spine trauma, disk disease, or spondylosis may be
asymptomatic or painful and can produce a myelopathy, radiculopathy,
or both. The nerve roots most commonly affected are C7 and C6.

TRAUMA TO THE CERVICAL SPINE Trauma to the cervical spine (fractures,
subluxation) places the spinal cord at risk for compression. Motor
vehicle accidents, violent crimes, or falls account for 87% of spinal
cord injuries (Chap. 356). Immediate immobilization of the neck is
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or rotated head position at im-
pact, greater intensity of initial
neck and head pain, greater num-
ber of initial symptoms, and more osteoarthritic changes on cervical
spine x-rays at baseline compared to patients who ultimately recov-
ered. Severe initial symptoms are associated with a poor long-term
outcome.

CERVICAL DISK DISEASE  Herniation of a lower cervical disk is acommon
cause of neck, shoulder, arm, or hand pain. Neck pain (worse with
movement), stiffness, and a limited range of motion are the usual man-
ifestations. With nerve root compression, pain may radiate into a
shoulder or arm. Extension and lateral rotation of the neck narrows
the intervertebral foramen and may reproduce radicular symptoms
(Spurling’s sign). In young individuals, acute nerve root compression
from a ruptured cervical disk is often due to trauma. Subacute radic-
ulopathy is less likely to be related to a specific traumatic incident and
is usually due to a combination of disk disease and spondylosis. Cer-
vical disk herniations are usually posterolateral near the lateral recess
and intervertebral foramen. Typical patterns of reflex, sensory, and
motor changes that accompany specific cervical nerve root lesions are
summarized in Table 15-3; however, (1) overlap in function between
adjacent nerve roots is common, (2) symptoms and signs may be ev-
ident in only part of the injured nerve root territory, and (3) the location
of pain is the most variable of the clinical features.

CERVICAL SPONDYLOSIS  Osteoarthritis of the cervical spine may produce
neck pain that radiates into the back of the head, shoulders, or arms,
or may be the source of headaches in the posterior occipital region
(supplied by the C2-C4 nerve roots). Osteophyte formation in the lat-
eral recess or hypertrophic facet joints may produce a monoradiculo-
pathy (Fig. 15-7). Narrowing of the spinal canal by osteophytes,
ossification of the posterior longitudinal ligament, or a large central
disk may compress the cervical spinal cord. Combinations of radicu-
lopathy and myelopathy also occur. An electrical sensation elicited by
neck flexion and radiating down the spine from the neck (Lhermitte’s
symptom) usually indicates involvement of the cervical or upper tho-
racic (T1-T2) spine. When little or no neck pain accompanies the cord
compression, the diagnosis may be confused with amyotrophic lateral
sclerosis (Chap. 353), multiple sclerosis (Chap. 359), spinal cord tu-
mors, or syringomyelia (Chap. 356). The possibility of treatable cer-
vical spondylosis must be considered even when the patient presents
with leg complaints only. In other cases, an unrelated lumbar radicu-
lopathy or polyneuropathy may mask signs of an associated cervical
myelopathy. MRI or CT-myelography can define the anatomic abnor-
malities, and EMG and nerve conduction studies can localize and as-
sess the severity of the nerve root injury.

OTHER CAUSES OF NECK PAIN  Rheumatoid arthritis (RA) (Chap. 301) of
the cervical apophyseal joints produces neck pain, stiffness, and lim-



itation of motion. In typical cases with sym-
metric inflammatory polyarthritis, the
diagnosis of RA is straightforward. In ad-
vanced RA, synovitis of the atlantoaxial
joint (C1-C2; Fig. 15-2) may damage the
transverse ligament of the atlas, producing
forward displacement of the atlas on the axis
(atlantoaxial subluxation). Radiologic evi-
dence of atlantoaxial subluxation occurs in
30% of patients with RA. Not surprisingly,
the degree of subluxation correlates with the
severity of erosive disease. When subluxa-
tion is present, careful neurologic assess-
ment is important to identify early signs of
myelopathy. Occasional patients develop
high spinal cord compression leading to
quadriparesis, respiratory insufficiency, and
death. Low back pain is common in RA;
however, the frequency of facet disease,
fracture, and spondylolisthesis is no greater
than in controls with mechanical low back
pain.

Ankylosing spondylitis can cause neck
pain and on occasion atlantoaxial subluxa-
tion; when spinal cord compression is
present or threatened, surgical intervention is
indicated. Herpes zoster produces acute pos-
terior occipital or neck pain prior to the outbreak of vesicles. Neo-
plasms metastatic to the cervical spine, infections (osteomyelitis and
epidural abscess), and metabolic bone diseases may also be the cause
of neck pain. Neck pain may also be referred from the heart with
coronary artery ischemia (cervical angina syndrome).

THORACIC OUTLET The thoracic outlet contains the first rib, the sub-
clavian artery and vein, the brachial plexus, the clavicle, and the lung
apex. Injury to these structures may result in postural or movement-
induced pain around the shoulder and supraclavicular region. True
neurogenic thoracic outlet syndrome (TOS) results from compression
of the lower trunk of the brachial plexus or ventral rami of the C8 or
T1 nerve roots by an anomalous band of tissue connecting an elongate
transverse process at C7 with the first rib. Signs include weakness of
intrinsic muscles of the hand and diminished sensation on the palmar
aspect of the fourth and fifth digits. EMG and nerve conduction studies
confirm the diagnosis. Treatment consists of surgical division of the
anomalous band. The weakness and wasting of intrinsic hand muscles
typically does not improve, but surgery halts the insidious progression
of weakness. Arterial TOS results from compression of the subclavian
artery by a cervical rib; the compression results in poststenotic dila-
tation of the artery and thrombus formation. Blood pressure is reduced
in the affected limb, and signs of emboli may be present in the hand;
neurologic signs are absent. Ultrasound can confirm the diagnosis non-
invasively. Treatment is with thrombolysis or anticoagulation (with or
without embolectomy) and surgical excision of the cervical rib com-
pressing the subclavian artery or vein. Disputed TOS includes a large
number of patients with chronic arm and shoulder pain of unclear
cause. The lack of sensitive and specific findings on physical exami-
nation or laboratory markers for this condition frequently results in
diagnostic uncertainty. The role of surgery in disputed TOS is contro-
versial. Multidisciplinary pain management is a conservative ap-
proach, although treatment is often unsuccessful.

BRACHIAL PLEXUS AND NERVES Pain from injury to the brachial plexus
or peripheral nerves of the arm can occasionally mimic pain of cervical
spine origin. Neoplastic infiltration of the lower trunk of the brachial
plexus may produce shoulder pain radiating down the arm, numbness
of the fourth and fifth fingers, and weakness of intrinsic hand muscles
innervated by the ulnar and median nerves. Postradiation fibrosis
(breast carcinoma is the most common setting) may produce similar
findings, although pain is less often present. A Pancoast tumor of the

A

FIGURE 15-7

Cervical spondylosis; left C6 radiculopathy. A.
Sagittal T2 fast spin echo magnetic resonance imaging reveals a
hypointense osteophyte that protrudes from the C5-C6 level into
the thecal sac, displacing the spinal cord posteriorly (white ar-
row). B. Axial 2-mm section from a 3-D volume gradient echo
sequence of the cervical spine. The high signal of the right C5-
C6 intervertebral foramen contrasts with the narrow high signal
of the left C5-Cb intervertebral foramen produced by osteophytic
spurring (arrows).

lung (Chap. 75) is another cause and should be considered, especially
when a Horner’s syndrome is present. Suprascapular neuropathy may
produce severe shoulder pain, weakness, and wasting of the supra-
spinatous and infraspinatous muscles. Acute brachial neuritis is often
confused with radiculopathy. It consists of the acute onset of severe
shoulder or scapular pain followed over days to weeks by weakness
of the proximal arm and shoulder girdle muscles innervated by the
upper brachial plexus. The onset is often preceeded by an infection or
immunization. Complete recovery occurs in 75% of patients after 2
years and in 89% after 3 years. Occasional cases of carpal tunnel syn-
drome produce pain and paresthesias extending into the forearm, arm,
and shoulder resembling a C5 or C6 root lesion. Lesions of the radial
or ulnar nerve can mimic a radiculopathy at C7 or C8, respectively.
EMG and nerve conduction studies can accurately localize lesions to
the nerve roots, brachial plexus, or peripheral nerves. —For further
discussion of peripheral nerve disorders, see Chap. 363.

SHOULDER Pain from the shoulder can be difficult to distinguish from
neck pain. If symptoms and signs of radiculopathy are absent, then the
differential diagnosis includes mechanical shoulder pain (tendonitis,
bursitis, rotator cuff tear, dislocation, adhesive capsulitis, and cuff im-
pingement under the acromion) and referred pain (subdiaphragmatic
irritation, angina, Pancoast tumor). Mechanical pain is often worse at
night, associated with local shoulder tenderness and aggravated by
abduction, internal rotation, or extension of the arm. Pain from shoul-
der disease may on occasion radiate into the arm or hand, but sensory,
motor, and reflex changes are absent.

TREATMENT

There are few well-designed clinical trials that address optimal treat-
ment of neck pain. Symptomatic treatment can include the use of an-
algesic medications and/or a soft cervical collar. Current indications
for cervical disk surgery are similar to those for lumbar disk surgery;
because of the risk of spinal cord injury with cervical spine disease,
an aggressive approach is generally indicated whenever spinal cord
injury is threatened. Surgical management of cervical herniated disks
usually consists of an anterior approach with diskectomy followed by
anterior interbody fusion. A simple posterior partial laminectomy with
diskectomy is an acceptable alternative approach. The risk of subse-
quent radiculopathy or myelopathy at cervical segments adjacent to
the fusion is ~3% per year and 26% per decade. Although this risk is
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sometimes portrayed as a late complication of surgery, it may also
reflect the natural history of degenerative cervical spine disease. Non-
progressive cervical radiculopathy (associated with a focal neurologic
deficit) due to a herniated cervical disk may be treated conservatively
with a high rate of success. Cervical spondylosis with bony, compres-
sive cervical radiculopathy is generally treated with surgical decom-
pression to forstall the progression of neurologic signs. Cervical
spondylotic myelopathy is typically managed with either anterior de-
compression and fusion or laminectomy. Outcomes in both surgical
groups vary, but late functional deterioration occurs in 20 to 30% of

patients; a prospective, controlled study comparing different surgical
interventions is needed.
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Section 2 Alterations in Body Temperature

FEVER AND HYPERTHERMIA
Charles A. Dinarello, Jeffrey A. Gelfand

Body temperature is controlled by the hypothalamus. Neurons in both
the preoptic anterior hypothalamus and the posterior hypothalamus
receive two kinds of signals: one from peripheral nerves that reflect
warmth/cold receptors and the other from the temperature of the blood
bathing the region. These two types of signals are integrated by the
thermoregulatory center of the hypothalamus to maintain normal tem-
perature. In a neutral environment, the metabolic rate of humans con-
sistently produces more heat than is necessary to maintain the core
body temperature at 37°C.

A normal body temperature is ordinarily maintained, despite en-
vironmental variations, because the hypothalamic thermoregulatory
center balances the excess heat production derived from metabolic
activity in muscle and the liver with heat dissipation from the skin and
lungs. According to studies of healthy individuals 18 to 40 years of
age, the mean oral temperature is 36.8° = 0.4°C (98.2° = 0.7°F), with
low levels at 6 A.M. and higher levels at 4 to 6 P.M. The maximum
normal oral temperature is 37.2°C (98.9°F) at 6 A.M. and 37.7°C
(99.9°F) at 4 p.M.; these values define the 99th percentile for healthy
individuals. In light of these studies, an A.M. temperature of >37.2°C
(>98.9°F) or a P.M. temperature of >37.7°C (>99.9°F) would define
a fever. The normal daily temperature variation is typically 0.5°C
(0.9°F). However, in some individuals recovering from a febrile ill-
ness, this daily variation can be as great as 1.0°C. During a febrile
illness, diurnal variations are usually maintained but at higher levels.
Daily temperature swings do not occur in patients with hyperthermia
(see below). Rectal temperatures are generally 0.4°C (0.7°F) higher
than oral readings. The lower oral readings are probably attributable
to mouth breathing, which is a particularly important factor in patients
with respiratory infections and rapid breathing. Lower esophageal tem-
peratures closely reflect core temperature. Tympanic membrane (TM)
thermometers measure radiant heat energy from the tympanic mem-
brane and nearby ear canal and display that absolute value (unadjusted
mode) or a value automatically calculated from the absolute reading
on the basis of nomograms relating the radiant temperature measured
to actual core temperatures obtained in clinical studies (adjusted
mode). These measurements, although convenient, may be more vari-
able than directly determined oral or rectal values. Studies in adults
show that readings are lower with unadjusted-mode than with ad-
justed-mode TM thermometers and that unadjusted-mode TM values
are 0.8°C (1.6°F) lower than rectal temperatures.

In women who menstruate, the A.M. temperature is generally lower
in the 2 weeks before ovulation; it then rises by about 0.6°C (1°F) with
ovulation and remains at that level until menses occur. Seasonal vari-
ation in body temperature has been described but may reflect a meta-

bolic change and is not common. Body temperature is elevated in the
postprandial state. Pregnancy and endocrinologic dysfunction also af-
fect body temperature. The daily temperature variation appears to be
fixed in early childhood; in contrast, elderly individuals can exhibit a
reduced ability to develop fever, with only a modest fever even in
severe infections.

FEVER VERSUS HYPERTHERMIA

FEVER Fever is an elevation of body temperature that exceeds the
normal daily variation and occurs in conjunction with an increase in
the hypothalamic set point—for example, from 37°C to 39°C. This
shift of the set point from “normothermic” to febrile levels very much
resembles the resetting of the home thermostat to a higher level in
order to raise the ambient temperature in a room. Once the hypotha-
lamic set point is raised, neurons in the vasomotor center are activated
and vasoconstriction commences. The individual first notices vaso-
constriction in the hands and feet. Shunting of blood away from the
periphery to the internal organs essentially decreases heat loss from
the skin, and the person feels cold. For most fevers, body temperature
increases by 1° to 2°C. Shivering, which increases heat production
from the muscles, may begin at this time; however, shivering is not
required if heat conservation mechanisms raise blood temperature suf-
ficiently. Heat production from the liver also increases. In humans,
behavior (e.g., putting on more clothing or bedding) helps raise body
temperature.

The processes of heat conservation (vasoconstriction) and heat pro-
duction (shivering and increased metabolic activity) continue until the
temperature of the blood bathing the hypothalamic neurons matches
the new thermostat setting. Once that point is reached, the hypothal-
amus maintains the temperature at the febrile level by the same mech-
anisms of heat balance that are operative in the afebrile state. When
the hypothalamic set point is again reset downward (due to either a
reduction in the concentration of pyrogens or the use of antipyretics),
the processes of heat loss through vasodilation and sweating are ini-
tiated. Loss of heat by sweating and vasodilation continues until the
blood temperature at the hypothalamic level matches the lower setting.

A fever of >41.5°C (>106.7°F) is called hyperpyrexia. This ex-
traordinarily high fever can develop in patients with severe infections
but most commonly occurs in patients with central nervous system
(CNS) hemorrhages. In the preantibiotic era, fever due to a variety of
infectious diseases rarely exceeded 106°F, and there has been specu-
lation that this natural “thermal ceiling” is mediated by neuropeptides
functioning as central antipyretics.

In some rare cases, the hypothalamic set point is elevated as a result
of local trauma, hemorrhage, tumor, or intrinsic hypothalamic mal-
function. The term hypothalamic fever is sometimes used to describe
elevated temperature caused by abnormal hypothalamic function.
However, most patients with hypothalamic damage have subnormal,
not supranormal, body temperatures.



HYPERTHERMIA  Hyperthermia is characterized by an unchanged (nor-
mothermic) setting of the thermoregulatory center in conjunction with
an uncontrolled increase in body temperature that exceeds the body’s
ability to lose heat. Exogenous heat exposure and endogenous heat
production are two mechanisms by which hyperthermia can result in
dangerously high internal temperatures. Excessive heat production can
easily cause hyperthermia despite physiologic and behavioral control
of body temperature. For example, work or exercise in hot environ-
ments can produce heat faster than peripheral mechanisms can lose it.

Although most patients with elevated body temperature have fever,
there are a few circumstances in which elevated temperature represents
not fever but hyperthermia (Table 16-1). Heat stroke, caused by ther-
moregulatory failure in association with a warm environment, may be
categorized as exertional or nonexertional. Exertional heat stroke typ-
ically occurs in younger individuals exercising at ambient tempera-
tures and/or humidities that are higher than normal. In a dry environ-
ment and at maximal efficiency, sweating can dissipate ~600 kcal/h,
requiring the production of >1 L of sweat. Even in normal individuals,
dehydration or the use of common medications (e.g., over-the-counter
antihistamines with anticholinergic side effects) may help to precipi-
tate exertional heat stroke. Nonexertional or classic heat stroke typi-
cally occurs in either very young or elderly individuals, particularly
during heat waves. According to the Centers for Disease Control and
Prevention (CDC), there were 7000 deaths attributed to heat injury in
the United States from 1979 to 1997. The elderly, the bedridden, per-
sons taking anticholinergic or antiparkinsonian drugs or diuretics, and
individuals confined to poorly ventilated and non-air-conditioned en-
vironments are most susceptible.

Drug-induced hyperthermia has become increasingly common as
a result of the increased use of prescription psychotropic drugs and
illicit drugs. Drug-induced hyperthermia may be caused by mono-
amine oxidase inhibitors (MAOISs), tricyclic antidepressants, and am-
phetamines and by the illicit use of phencyclidine (PCP), lysergic acid
diethylamide (LSD), methylenedioxymethamphetamine (MDMA,
“ecstasy”), or cocaine.

Malignant hyperthermia occurs in individuals with an inherited
abnormality of skeletal-muscle sarcoplasmic reticulum that causes a
rapid increase in intracellular calcium levels in response to halothane

TABLE 16-1 Causes of Hyperthermia Syndromes

HEAT STROKE

Exertional: Exercise in higher-than-normal heat and/or humidity
Nonexertional: Anticholinergics, including antihistamines;
antiparkinsonian drugs; diuretics; phenothiazines

DRUG-INDUCED HYPERTHERMIA

Amphetamines, cocaine, phencyclidine (PCP),
methylenedioxymethamphetamine (MDMA; “ecstasy”), lysergic acid
diethylamide (LSD), salicylates, lithium, anticholinergics,
sympathomimetics

NEUROLEPTIC MALIGNANT SYNDROME

Phenothiazines; butyrophenones, including haloperidol and bromperidol;
fluoxetine; loxapine; tricyclic dibenzodiazepines; metoclopramide;
domperidone; thiothixene; molindone; withdrawal of dopaminergic
agents

SEROTONIN SYNDROME

Selective serotonin reuptake inhibitors (SSRIs), monoamine oxidase
inhibitors (MAOIs), tricyclic antidepressants

MALIGNANT HYPERTHERMIA
Inhalational anesthetics, succinylcholine

ENDOCRINOPATHY
Thyrotoxicosis, pheochromocytoma

CENTRAL NERVOUS SYSTEM DAMAGE
Cerebral hemorrhage, status epilepticus, hypothalamic injury

Source: After FJ Curley, RS Irwin, JM Rippe et al (eds): Intensive Care Medicine, 3d ed.
Boston, Little, Brown, 1996.
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and other inhalational anesthetics or to succinylcholine. Elevated tem-
perature, increased muscle metabolism, muscle rigidity, rhabdomy-
olysis, acidosis, and cardiovascular instability develop rapidly. This
condition is often fatal. The neuroleptic malignant syndrome (NMS)
occurs in the setting of neuroleptic agent use (antipsychotic phenothi-
azines, haloperidol, prochlorperazine, metoclopramide) or the with-
drawal of dopaminergic drugs and is characterized by “lead-pipe”
muscle rigidity, extrapyramidal side effects, autonomic dysregulation,
and hyperthermia. This disorder appears to be caused by the inhibition
of central dopamine receptors in the hypothalamus, which results in
increased heat generation and decreased heat dissipation. The sero-
tonin syndrome, seen with selective serotonin uptake inhibitors
(SSRIs), MAOISs, and other serotonergic medications, has many over-
lapping features, including hyperthermia, but may be distinguished by
the presence of diarrhea, tremor, and myoclonus rather than the lead-
pipe rigidity of NMS. Thyrotoxicosis and pheochromocytoma can also
cause increased thermogenesis.

It is important to distinguish between fever and hyperthermia since
hyperthermia can be rapidly fatal and characteristically does not re-
spond to antipyretics. However, there is no rapid way to make this
distinction. Hyperthermia is often diagnosed on the basis of the events
immediately preceding the elevation of core temperature—e.g., heat
exposure or treatment with drugs that interfere with thermoregulation.
However, in addition to the clinical history of the patient, the physical
aspects of some forms of hyperthermia may alert the clinician. For
example, in patients with heat stroke syndromes and in those taking
drugs that block sweating, the skin is hot but dry. Moreover, antipy-
retics do not reduce the elevated temperature in hyperthermia, whereas
in fever—and even in hyperpyrexia—adequate doses of either aspirin
or acetaminophen usually result in some decrease in body temperature.

PATHOGENESIS OF FEVER

PYROGENS The term pyrogen is used to describe any substance that
causes fever. Exogenous pyrogens are derived from outside the patient;
most are microbial products, microbial toxins, or whole microorga-
nisms. The classic example of an exogenous pyrogen is the lipopoly-
saccharide endotoxin produced by all gram-negative bacteria.
Endotoxins are potent not only as pyrogens but also as inducers of
various pathologic changes in gram-negative infections. Another
group of potent bacterial pyrogens is produced by gram-positive or-
ganisms and includes the enterotoxins of Staphylococcus aureus and
the group A and B streptococcal toxins, also called superantigens. One
staphylococcal toxin of clinical importance is the toxic shock syn-
drome toxin associated with isolates of S. aureus from patients with
toxic shock syndrome. Like the endotoxins of gram-negative bacteria,
the toxins produced by staphylococci and streptococci cause fever in
experimental animals when injected intravenously at concentrations of
<1 pg/kg of body weight. Endotoxin is a highly pyrogenic molecule
in humans: a dose of 2 to 3 ng/kg produces fever and generalized
symptoms of malaise in volunteers.

PYROGENIC CYTOKINES Cytokines are small proteins (molecular mass,
10,000 to 20,000 Da) that regulate immune, inflammatory, and he-
matopoietic processes. For example, stimulation of lymphocyte pro-
liferation during an immune response to vaccination is the result of
the cytokines interleukin (IL) 2, IL-4, and IL-6. Another cytokine,
granulocyte colony-stimulating factor, stimulates granulocytopoiesis
in the bone marrow. Some cytokines cause fever and hence are called
pyrogenic cytokines. From a historic point of view, the field of cyto-
kine biology began in the 1940s with laboratory investigations into
fever induction by products of activated leukocytes. These fever-pro-
ducing molecules were called endogenous pyrogens.

The known pyrogenic cytokines include IL-1, IL-6, tumor necrosis
factor (TNF), ciliary neurotropic factor (CNTF), and interferon (IFN)
a. Others probably exist, although IL-18—a member of the IL-1 fam-
ily—does not appear to be a pyrogenic cytokine. Each cytokine is
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encoded by a separate gene, and each pyrogenic cytokine has been
shown to cause fever in laboratory animals and in humans. When
injected into humans, IL-1, IL-6, and TNF produce fever at low doses
(10 to 100 ng/kg).

The synthesis and release of endogenous pyrogenic cytokines are
induced by a wide spectrum of exogenous pyrogens, most of which
have recognizable bacterial or fungal sources. Viruses also induce py-
rogenic cytokines by infecting cells. However, in the absence of mi-
crobial infection, inflammation, trauma, tissue necrosis, or antigen-
antibody complexes can induce the production of IL-1, TNF, and/or
IL-6, which—individually or in combination—trigger the hypothal-
amus to raise the set point to febrile levels. The cellular sources of
pyrogenic cytokines are primarily monocytes, neutrophils, and lym-
phocytes, although many other types of cells can synthesize these mol-
ecules when stimulated.

ELEVATION OF THE HYPOTHALAMIC SET POINT BY CYTOKINES During fever,
levels of prostaglandin E, (PGE,) are elevated in hypothalamic tissue
and the third cerebral ventricle. The concentrations of PGE, are highest
near the circumventricular vascular organs (organum vasculosum of
lamina terminalis)—networks of enlarged capillaries surrounding the
hypothalamic regulatory centers. Destruction of these organs reduces
the ability of pyrogens to produce fever. Most studies in animals have
failed to show, however, that pyrogenic cytokines pass from the cir-
culation into the brain itself. Thus, it appears that both exogenous and
endogenous pyrogens interact with the endothelium of these capillaries
and that this interaction is the first step in initiating fever—i.e., in
raising the set point to febrile levels.

The key events in the production of fever are illustrated in Fig. 16-
1. As has been mentioned, several cell types can produce pyrogenic
cytokines. Pyrogenic cytokines such as IL-1, IL-6, and TNF are re-
leased from the cells and enter the systemic circulation. Although the
systemic effects of these circulating cytokines lead to fever by induc-
ing the synthesis of PGE,, they also induce PGE, in peripheral tissues.
The increase in PGE, in the periphery accounts for the nonspecific
myalgias and arthralgias that often accompany fever. However, it is
the induction of PGE, in the brain that starts the process of raising the
hypothalamic set point for core temperature.

There are four receptors for PGE,, and each signals the cell in
different ways. Of the four receptors, the third (EP-3) is essential for
fever: when the gene for this receptor is deleted in mice, no fever
follows the injection of IL-1 or endotoxin. Deletion of the other PGE,
receptor genes leaves the fever mechanism intact. Although PGE, is
essential for fever, it is not a neurotransmitter. Rather, the release of
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FIGURE 16-1  Chronology of events required for the induction of fever. Abbreviations:
AMP, adenosine 5"-monophosphate; IFN, interferon; IL, interleukin; PGE,, prostaglandin
E,; TNF, tumor necrosis factor.

PGE, from the brain side of the hypothalamic endothelium triggers
the PGE, receptor on glial cells, and this stimulation results in the
rapid release of cyclic adenosine 5’-monophosphate (cyclic AMP),
which is a neurotransmitter. As shown in Fig. 16-1, the release of
cyclic AMP from the glial cells activates neuronal endings from the
thermoregulatory center that extend into the area. The elevation of
cyclic AMP is thought to account for changes in the hypothalamic set
point either directly or indirectly by inducing the release of neurotrans-
mitters. Distinct receptors for microbial products (such as endotoxins)
from gram-negative bacteria and for teichoic acids from gram-positive
bacteria are located on the hypothalamic endothelium. These receptors
are called Toll-like receptors and are similar in many ways to IL-1
receptors. The direct activation of Toll-like receptors also results in
PGE, production and fever.

PRODUCTION OF CYTOKINES IN THE CNS Several viral diseases produce
active infection in the brain. Glial and possibly neuronal cells synthe-
size IL-1, TNF, and IL-6. CNTF is also synthesized by neural as well
as neuronal cells. What role in the production of fever is played by
these cytokines produced in the brain itself? In experimental animals,
the concentrations of cytokine required to cause fever are several or-
ders of magnitude lower with direct injection into the brain than with
intravenous injection. Therefore, CNS production of these cytokines
apparently can raise the hypothalamic set point, bypassing the circum-
ventricular organs involved in fever caused by circulating cytokines.
CNS cytokines may account for the hyperpyrexia of CNS hemorrhage,
trauma, or infection.

APPROACH TO THE PATIENT

History It is in the diagnosis of a febrile illness that the science
and art of medicine come together (see also Chaps. 1, 18, and 106).
In no other clinical situation is a meticulous history more important.
Painstaking attention must be paid to the chronology of symptoms
in relation to the use of prescription drugs (including drugs, sup-
plements, or herbs taken without a physician’s supervision) or treat-
ments such as surgical or dental procedures. The exact nature of
any prosthetic materials and/or implanted devices should be ascer-
tained. A careful occupational history should include exposures to
animals; toxic fumes; potential infectious agents; possible antigens;
or other febrile or infected individuals in the home, workplace, or
school. A history of the geographic areas in which the patient has
lived and a travel history should include locations during military
service. Information on unusual hobbies, dietary proclivities (such
as raw or poorly cooked meat, raw fish, and unpasteurized milk or
cheeses), and household pets should be elicited, as should that on
sexual orientation and practices, including precautions taken or
omitted. Attention should be directed to the use of tobacco, mari-
juana, intravenous drugs, or alcohol; trauma; animal bites; tick or
other insect bites; and prior transfusions, immunizations, drug al-
lergies, or hypersensitivities. A careful family history should in-
clude information on family members with tuberculosis, other feb-
rile or infectious diseases, arthritis or collagen vascular disease, or
unusual familial symptomatology such as deafness, urticaria, fevers
and polyserositis, bone pain, or anemia. Ethnic origin may be crit-
ical. For example, blacks are more likely than persons in other
groups to have hemoglobinopathies. Turks, Arabs, Armenians, and
Sephardic Jews are especially likely to have familial Mediterranean
fever (Chap. 278).

Physical Examination A meticulous physical examination should be
repeated on a regular basis. All the vital signs are relevant. The
temperature may be taken orally or rectally, but the site used should
be consistent. Axillary temperatures are notoriously unreliable.
Special attention should be paid to the skin, lymph nodes, eyes,
nail beds, cardiovascular system, chest, abdomen, musculoskeletal
system, and nervous system. Rectal examination is imperative. The
penis, prostate, scrotum, and testes should be examined carefully
and the foreskin, if present, retracted. Pelvic examination must be
part of every complete physical examination of a woman, with a




search for such causes of fever as pelvic inflammatory disease and
tubo-ovarian abscess.

Laboratory Tests Few signs and symptoms in medicine have as
many diagnostic possibilities as fever. If the history, epidemiologic
situation, or physical examination suggests more than a simple viral
illness or streptococcal pharyngitis, then laboratory testing is in-
dicated. The tempo and complexity of the workup will depend on
the pace of the illness, diagnostic considerations, and the immune
status of the host. If findings are focal or if the history, epidemio-
logic setting, or physical examination suggests certain diagnoses,
the laboratory examination can be focused. If fever is undifferen-
tiated, the diagnostic nets must be cast farther, and certain guide-
lines are indicated, as follows.

CLINICAL PATHOLOGY The workup should include a complete blood
count; a differential count should be performed manually or with
an instrument sensitive to the identification of eosinophils, juvenile
or band forms, toxic granulations, and Dohle bodies, the last three
of which are suggestive of bacterial infection. Neutropenia may be
present with some viral infections, particularly parvovirus B19 in-
fection; drug reactions; systemic lupus erythematosus; typhoid;
brucellosis; and infiltrative diseases of the bone marrow, including
lymphoma, leukemia, tuberculosis, and histoplasmosis. Lympho-
cytosis may occur with typhoid, brucellosis, tuberculosis, and viral
disease. Atypical lymphocytes are documented in many viral dis-
eases, including infection with Epstein-Barr virus, cytomegalovi-
rus, or HIV; dengue; rubella; varicella; measles; and viral hepatitis.
This abnormality also occurs in serum sickness and toxoplasmosis.
Monocytosis is a feature of typhoid, tuberculosis, brucellosis, and
lymphoma. Eosinophilia may be associated with hypersensitivity
drug reactions, Hodgkin’s disease, adrenal insufficiency, and cer-
tain metazoan infections. If the febrile illness appears to be severe
or is prolonged, the smear should be examined carefully for ma-
larial or babesial pathogens (where appropriate) as well as for clas-
sic morphologic features, and the erythrocyte sedimentation rate
should be determined. Urinalysis, with examination of urinary sed-
iment, is indicated. It is axiomatic that any abnormal fluid accu-
mulation (pleural, peritoneal, joint), even if previously sampled,
merits reexamination in the presence of undiagnosed fever. Joint
fluids should be examined for bacteria as well as crystals. Bone
marrow biopsy (not simple aspiration) for histopathologic studies
(as well as culture) is indicated when marrow infiltration by path-
ogens or tumor cells is possible. Stool should be inspected for
occult blood; an inspection for fecal leukocytes, ova, or parasites
also may be indicated.

CHEMISTRY  Electrolyte, glucose, blood urea nitrogen, and creatinine
levels should be measured. Liver function tests are usually indi-
cated if efforts to identify the cause of fever do not point to the
involvement of another organ. Additional assessments (e.g., meas-
urement of creatinine phosphokinase or amylase) can be added as
the workup progresses.

MICROBIOLOGY ~ Smears and cultures of specimens from the throat,
urethra, anus, cervix, and vagina should be assessed when there are
no localizing findings or when findings suggest the involvement of
the pelvis or the gastrointestinal tract. If respiratory tract infection
is suspected, sputum evaluation (Gram’s staining, staining for acid-
fast bacilli, culture) is indicated. Cultures of blood, abnormal fluid
collections, and urine are indicated when fever is thought to reflect
more than uncomplicated viral illness. Cerebrospinal fluid should
be examined and cultured if meningismus, severe headache, or a
change in mental status is noted.

RADIOLOGY A chest x-ray is usually part of the evaluation for any
significant febrile illness.

Outcome of Diagnostic Efforts In most cases of fever, either the pa-
tient recovers spontaneously or the history, physical examination,
and initial screening laboratory studies lead to a diagnosis. When
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fever continues for 2 to 3 weeks, during which time repeat physical
examinations and laboratory tests are unrevealing, the patient is
provisionally diagnosed as having fever of unknown origin (Chap.
18).

TREATMENT

The Decision to Treat Fever Most fevers are associated with self-limited
infections, most commonly of viral origin. In these cases, the general
cause of the fever is easily identified. The routine use of antipyretics
given automatically as “standing,” “routine,” or “prn” orders to treat
low-grade fevers in adult patients on hospital wards is entirely unac-
ceptable. This practice masks not only fever but also other important
clinical indicators of a patient’s course. For example, the daily highs
and lows of normal temperature are exaggerated in most fevers, but
the usual times of peak and trough temperatures may be reversed in
typhoid fever and disseminated tuberculosis. Temperature-pulse dis-
sociation (relative bradycardia) occurs in typhoid fever, brucellosis,
leptospirosis, some drug-induced fevers, and factitious fever. In new-
borns, the elderly, patients with chronic renal failure, and patients tak-
ing glucocorticoids, fever may not be present despite infection, or core
temperature may be hypothermic. Hypothermia is observed in patients
with septic shock.

Some febrile diseases have characteristic patterns. With relapsing
fevers, febrile episodes are separated by intervals of normal tempera-
ture; when paroxysms occur on the first and third days, the fever is
called tertian. Plasmodium vivax causes tertian fevers. Quartan fevers
are associated with paroxysms on the first and fourth days and are seen
with P. malariae. Other relapsing fevers are related to Borrelia infec-
tions and rat-bite fever, which are both associated with days of fever
followed by a several-day afebrile period and then a relapse of days
of fever. Pel-Ebstein fever, with fevers lasting 3 to 10 days followed
by afebrile periods of 3 to 10 days, is classic for Hodgkin’s disease
and other lymphomas. Another characteristic fever is that of cyclic
neutropenia, in which fevers occur every 21 days and accompany the
neutropenia. There is no periodicity of fever in patients with familial
Mediterranean fever (Chap. 278).

Mechanisms of Antipyretic Agents The synthesis of PGE, depends on the
constitutively expressed enzyme cyclooxygenase. The substrate for cy-
clooxygenase is arachidonic acid released from the cell membrane,
and this release is the rate-limiting step in the synthesis of PGE,. In-
hibitors of cyclooxygenase are potent antipyretics. The antipyretic
potency of various drugs is directly correlated with the inhibition of
brain cyclooxygenase. Acetaminophen is a poor cyclooxygenase in-
hibitor in peripheral tissue and is without noteworthy anti-inflammatory
activity; in the brain, however, acetaminophen is oxidized by the p450
cytochrome system, and the oxidized form inhibits cyclooxygenase
activity. Moreover, in the brain, the inhibition of another enzyme,
COX-3, by acetaminophen may account for the antipyretic effect of
this agent. However, COX-3 is not found outside the CNS.

Oral aspirin and acetaminophen are equally effective in reducing
fever in humans. Nonsteroidal anti-inflammatory agents (NSAIDs)
such as indomethacin and ibuprofen are also excellent antipyretics.
Chronic high-dose therapy with antipyretics such as aspirin or the
NSAIDs used in arthritis does not reduce normal core body tempera-
ture. Thus, PGE, appears to play no role in normal thermoregulation.

As effective antipyretics, glucocorticoids act at two levels. First,
similar to the cyclooxygenase inhibitors, glucocorticoids reduce PGE,
synthesis by inhibiting the activity of phospholipase A,, which is
needed to release arachidonic acid from the cell membrane. Second,
glucocorticoids block the transcription of the mRNA for the pyrogenic
cytokines.

Indications and Regimens for the Treatment of Fever The objectives in
treating fever are first to reduce the elevated hypothalamic set point
and second to facilitate heat loss. There is no evidence that fever itself
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facilitates the recovery from infection or acts as an adjuvant to the
immune system. In fact, peripheral PGE, production is a potent im-
munosuppressant. Hence, treating fever and its symptoms does no
harm and does not slow the resolution of common viral and bacterial
infections. Reducing fever with antipyretics also reduces systemic
symptoms of headache, myalgias, and arthralgias.

Oral aspirin and NSAIDs effectively reduce fever but can adversely
affect platelets and the gastrointestinal tract. Therefore, acetaminophen
is preferred to all of these agents as an antipyretic. In children, acet-
aminophen must be used because aspirin increases the risk of Reye’s
syndrome. If the patient cannot take oral antipyretics, parenteral prep-
arations of NSAIDs and rectal suppository preparations of various an-
tipyretics can be used.

Treatment of fever in some groups of patients is recommended.
Fever increases the demand for oxygen (i.e., for every increase of 1°C
over 37°C, there is a 13% increase in oxygen consumption) and can
aggravate preexisting cardiac, cerebrovascular, or pulmonary insuffi-
ciency. Elevated temperature can induce mental changes in patients
with organic brain disease. Children with a history of febrile or non-
febrile seizure should be aggressively treated to reduce fever, although
it is unclear what triggers the febrile seizure and there is no correlation
between absolute temperature elevation and onset of a febrile seizure
in susceptible children.

In hyperpyrexia, the use of cooling blankets facilitates the reduction
of temperature; however, cooling blankets should not be used without
oral antipyretics. In hyperpyretic patients with CNS disease or trauma,
reducing core temperature mitigates the ill effects of high temperature
on the brain.

Treating Hyperthermia A high core temperature in a patient with an
appropriate history (e.g., environmental heat exposure or treatment
with anticholinergic or neuroleptic drugs, tricyclic antidepressants,
succinylcholine, or halothane) along with appropriate clinical findings

(dry skin, hallucinations, delirium, pupil dilation, muscle rigidity, and/
or elevated levels of creatine phosphokinase) suggests hyperthermia.

The attempt to lower the already normal hypothalamic set point is
of little use. Physical cooling with sponging, fans, cooling blankets,
and even ice baths should be initiated immediately in conjunction with
the administration of intravenous fluids and appropriate pharmacologic
agents (see below). If insufficient cooling is achieved by external
means, internal cooling can be achieved by gastric or peritoneal lavage
with iced saline. In extreme circumstances, hemodialysis or even car-
diopulmonary bypass with cooling of blood may be performed.

Malignant hyperthermia should be treated immediately with ces-
sation of anesthesia and intravenous administration of dantrolene so-
dium. The recommended dose of dantrolene is 1 to 2.5 mg/kg of body
weight given intravenously every 6 h for at least 24 to 48 h—until
oral dantrolene can be administered, if needed. Procainamide should
also be administered to patients with malignant hyperthermia because
of the likelihood of ventricular fibrillation in this syndrome. Dantro-
lene at similar doses is indicated in NMS and in drug-induced hyper-
thermia and may even be useful in the hyperthermia of the serotonin
syndrome and thyrotoxicosis. NMS may also be treated with bromo-
criptine, levodopa, amantadine, or nifedipine or by induction of muscle
paralysis with curare and pancuronium. Tricyclic antidepressant over-
dose may be treated with physostigmine.

FURTHER READING

BOUCHAMA A, KNOCHEL JP: Heat stroke. N Engl J Med 346:1978, 2002

CHANDRASEKHARAN NV et al: COX-3, a cyclooxygenase-1 variant inhibited
by acetaminophen and other analgesic/antipyretic drugs: Cloning, structure,
and expression. Proc Natl Acad Sci USA 99:13926, 2002

DINARELLO CA: Proinflammatory cytokines. Chest 118:503, 2000

NETEA MG et al: Circulating cytokines as mediators of fever. Clin Infect Dis
31:178, 2000

USHIKUBI F et al: Impaired febrile response in mice lacking the prostaglandin
E receptor subtype EP3. Nature 395:281, 1998

YANG RB et al: Toll-like receptor-2 mediates lipopolysaccharide-induced cel-
lular signaling. Nature 395:284, 1998

FEVER AND RASH
Elaine T. Kaye, Kenneth M. Kaye
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The acutely ill patient with fever and rash often presents a diagnostic
challenge for physicians. The distinctive appearance of an eruption in
concert with a clinical syndrome may facilitate a prompt diagnosis and
the institution of life-saving therapy or critical infection-control inter-
ventions.

APPROACH TO THE PATIENT

A thorough history of patients with fever and rash includes the
following relevant information: immune status, medications taken
within the previous month, specific travel history, immunization
status, exposure to domestic pets and other animals, history of an-
imal or arthropod bites, existence of cardiac abnormalities, pres-
ence of prosthetic material, recent exposure to ill individuals, and
exposure to sexually transmitted diseases. The history should also
include the site of onset of the rash and its direction and rate of spread.

A thorough physical examination entails close attention to the
rash, with an assessment and precise definition of its salient fea-
tures. First, it is critical to determine the fype of lesions that make
up the eruption. Macules are flat lesions defined by an area of
changed color (i.e., a blanchable erythema). Papules are raised,
solid lesions <5 mm in diameter; plagues are lesions >5 mm in
diameter with a flat, plateau-like surface; and nodules are lesions
>5 mm in diameter with a more rounded configuration. Wheals
(urticaria, hives) are papules or plaques that are pale pink and may
appear annular (ringlike) as they enlarge; classic (nonvasculitic)
wheals are transient, lasting only 24 to 48 h in any defined area.

Vesicles (<5 mm) and bullae (>5 mm) are circumscribed, elevated
lesions containing fluid. Pustules are raised lesions containing pu-
rulent exudate; vesicular processes such as varicella or herpes sim-
plex may evolve to pustules. Nonpalpable purpura is a flat lesion
that is due to bleeding into the skin; if <3 mm in diameter, the
purpuric lesions are termed petechiae; if >3 mm, they are termed
ecchymoses. Palpable purpura is a raised lesion that is due to in-
flammation of the vessel wall (vasculitis) with subsequent hemor-
rhage. An ulcer is a defect in the skin extending at least into the
upper layer of the dermis, and an eschar (tche noire) is a necrotic
lesion covered with a black crust.

Other pertinent features of rashes include their configuration
(i.e., annular or target), the arrangement of their lesions, and their
distribution (i.e., central or peripheral). —For further discussion,
see Chaps. 46 and 48.

CLASSIFICATION OF RASH

This chapter reviews rashes that reflect systemic disease, but it does
not include localized skin eruptions (i.e., cellulitis, impetigo) that may
also be associated with fever (Chap. 110). Rashes are classified herein
on the basis of the morphology and distribution of lesions. For prac-
tical purposes, this classification system is based on the most typical
disease presentations. However, morphology may vary as rashes
evolve, and the presentation of diseases with rashes is subject to many
variations (Chap. 48). For instance, the classic petechial rash of Rocky
Mountain spotted fever (RMSF; Chap. 158) may initially consist of
blanchable erythematous macules distributed peripherally; at times,
the rash associated with RMSF may not be predominantly acral, or a
rash may not develop at all.



Diseases with fever and rash may be classified by type of eruption:
centrally distributed maculopapular, peripheral, confluent desquama-
tive erythematous, vesiculobullous, urticarial, nodular, purpuric, ul-
cerated, or eschars (Table 17-1). For a more detailed discussion of
each disease associated with a rash, the reader is referred to the chapter
dealing with that specific disease. (Reference chapters are cited in the
text and listed in Table 17-1.)

CENTRALLY DISTRIBUTED MACULOPAPULAR ERUPTIONS Centrally distributed
rashes, in which lesions are primarily truncal, are the most common
type of eruption. The rash of measles (rubeola) starts at the hairline 2
to 3 days into the illness and moves down the body, sparing the palms
and soles (Chap. 176). It begins as discrete erythematous lesions,
which become confluent as the rash spreads. Koplik’s spots (1- to 2-
mm white or bluish lesions with an erythematous halo on the buccal
mucosa) are pathognomonic for measles and are generally seen during
the first 2 days of symptoms. They should not be confused with For-
dyce’s spots (ectopic sebaceous glands), which have no erythematous
halos and are found in the mouth of healthy individuals. Koplik’s spots
may briefly overlap with the measles exanthem.

German measles (rubella) also spreads from the hairline down-
ward; unlike that of measles, however, the rash of rubella tends to
clear from originally affected areas as it migrates and may be pruritic
(Chap. 177). Forchheimer spots (palatal petechiae) may develop but
are nonspecific since they also develop in mononucleosis (Chap. 165)
and scarlet fever (Chap. 121). Postauricular and suboccipital adenop-
athy and arthritis are common among adults with German measles.
Exposure of pregnant women to ill individuals should be avoided, as
rubella causes severe congenital abnormalities. Numerous strains of
enteroviruses (Chap. 175), primarily echoviruses and coxsackievi-
ruses, cause nonspecific syndromes of fever and eruptions that may
mimic rubella or measles. Patients with infectious mononucleosis
caused by Epstein-Barr virus (Chap. 165) or with primary infection
caused by HIV (Chap. 173) may exhibit pharyngitis, lymphadenopa-
thy, and a nonspecific maculopapular exanthem.

The rash of erythema infectiosum (fifth disease), which is caused
by human parvovirus B19, primarily affects children 3 to 12 years old;
it develops after fever has resolved as a bright blanchable erythema
on the cheeks (“slapped cheeks”) with perioral pallor (Chap. 168). A
more diffuse rash (often pruritic) appears the next day on the trunk
and extremities and then rapidly develops into a lacy reticular eruption
that may wax and wane (especially with temperature change) over 3
weeks. Adults with fifth disease often have arthritis, and fetal hydrops
can develop in association with this condition in pregnant women.

Exanthem subitum (roseola) is caused by human herpesvirus 6 and
is most common among children <3 years of age (Chap. 166). As in
erythema infectiosum, the rash usually appears after fever has sub-
sided. It consists of 2- to 3-mm rose-pink macules and papules that
rarely coalesce, occur initially on the trunk and sometimes on the ex-
tremities (sparing the face), and fade within 2 days.

Although drug reactions have many manifestations, including ur-
ticaria, exanthematous drug-induced eruptions (Chap. 50) are most
common and are often difficult to distinguish from viral exanthems.
Eruptions elicited by drugs are usually more intensely erythematous
and pruritic than viral exanthems, but this distinction is not reliable.
A history of new medications and an absence of prostration may help
to distinguish a drug-related rash from an eruption of another etiology.
Rashes may persist for up to 2 weeks after administration of the of-
fending agent is discontinued. Certain populations are more prone than
others to drug rashes. Of HIV-infected patients, 50 to 60% develop a
rash in response to sulfa drugs; 50 to 100% of patients with mono-
nucleosis due to Epstein-Barr virus develop a rash when given ampi-
cillin.

Rickettsial illnesses (Chap. 158) should be considered in the eval-
uation of individuals with centrally distributed maculopapular erup-
tions. The usual setting for epidemic typhus is a site of war or natural
disaster in which people are exposed to body lice. A diagnosis of
recrudescent typhus should be considered in European immigrants to
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the United States. However, an indigenous form of typhus, presumably
transmitted by flying squirrels, has been reported in the southeastern
United States. Endemic typhus or leptospirosis (the latter caused by a
spirochete; Chap. 155) may be seen in urban environments where ro-
dents proliferate. Outside the United States, other rickettsial diseases
cause a spotted-fever syndrome and should be considered in residents
of or travelers to endemic areas. Similarly, typhoid fever, a nonrick-
ettsial disease caused by Salmonella typhi (Chap. 137), is usually ac-
quired during travel outside the United States. Dengue fever, caused
by a mosquito-transmitted flavivirus, occurs in tropical and subtropical
regions of the world (Chap. 180).

Some centrally distributed maculopapular eruptions have distinc-
tive features. Erythema chronicum migrans (ECM), the rash of Lyme
disease (Chap. 157), typically manifests as singular or multiple annular
plaques. Untreated ECM lesions usually fade within a month but may
persist for more than a year. Erythema marginatum, the rash of acute
rheumatic fever (Chap. 302), has a distinctive pattern of enlarging and
shifting transient annular lesions.

Collagen vascular diseases may cause fever and rash. Patients with
systemic lupus erythematosus (Chap. 300) typically develop a sharply
defined, erythematous eruption in a butterfly distribution on the cheeks
(malar rash) as well as many other skin manifestations. Still’s disease
(Chap. 316) manifests as an evanescent salmon-colored rash on the
trunk and proximal extremities that coincides with fever spikes.

PERIPHERAL ERUPTIONS These rashes are alike in that they are most
prominent peripherally or begin in peripheral (acral) areas before
spreading centripetally. Early diagnosis and therapy are critical in
RMSF (Chap. 158) because of its grave prognosis if untreated. Lesions
evolve from macular to petechial, start on the wrists and ankles, spread
centripetally, and appear on the palms and soles only later in the dis-
ease. The rash of secondary syphilis (Chap. 153), which may be gen-
eralized but is prominent on the palms and soles, should be considered
in the differential diagnosis of pityriasis rosea, especially in sexually
active patients. Atypical measles (Chap. 176) is seen in individuals
contracting measles who received the killed measles vaccine between
1963 and 1967 in the United States and who were not subsequently
protected with the live vaccine. Hand-foot-and-mouth disease (Chap.
175), most commonly caused by coxsackievirus A16, is distinguished
by tender vesicles distributed peripherally and in the mouth; outbreaks
commonly occur within families. The classic target lesions of ery-
thema multiforme appear symmetrically on the elbows, knees, palms,
and soles. In relatively severe cases, these lesions may spread diffusely
and involve mucosal surfaces (Stevens-Johnson syndrome). Lesions
may develop on the hands and feet in endocarditis (Chap. 109).

CONFLUENT DESQUAMATIVE ERYTHEMAS  These eruptions consist of diffuse
erythema frequently followed by desquamation. The eruptions caused
by group A Streptococcus or Staphylococcus aureus are toxin medi-
ated. Certain disease features may provide diagnostic clues. Scarlet
fever (Chap. 121) usually follows pharyngitis; patients have a facial
flush, a “strawberry” tongue, and accentuated petechiae in body folds
(Pastia’s lines). Kawasaki disease (Chaps. 48 and 306) presents in the
pediatric population as fissuring of the lips, a strawberry tongue, con-
junctivitis, adenopathy, and sometimes cardiac abnormalities. Strep-
tococcal toxic shock syndrome (Chap. 121) manifests with hypoten-
sion, multiorgan failure, and often a severe group A streptococcal
infection (e.g., necrotizing fasciitis). Staphylococcal toxic shock syn-
drome (Chap. 120) also presents with hypotension and multiorgan fail-
ure, but usually only S. aureus colonization—not a severe S. aureus
infection—is documented. Staphylococcal scalded-skin syndrome
(Chap. 120) is seen primarily in children and in immunocompromised
adults. Generalized erythema is often evident during the prodrome of
fever and malaise; profound tenderness of the skin is distinctive. In
the exfoliative stage, the skin can be induced to form bullae with light
lateral pressure (Nikolsky’s sign). In a mild form, a scarlatiniform
eruption mimics scarlet fever, but the patient does not exhibit a straw-



TABLE 17-1 Diseases Associated with Fever and Rash

Group Affected/

Disease Etiology Description Epidemiologic Factors Clinical Syndrome Chapter
CENTRALLY DISTRIBUTED MACULOPAPULAR ERUPTIONS
Measles (rubeola, first Paramyxovirus Discrete lesions that become Nonimmune Cough, conjunctivitis, 176
disease) confluent as rash spreads from individuals coryza, severe
hairline downward, sparing palms prostration
and soles; lasts =3 days;
Koplik’s spots
German measles Togavirus Spreads from hairline downward, Nonimmune Adenopathy, arthritis 177
(rubella, third clearing as it spreads; individuals
disease) Forchheimer spots
Erythema infectiosum Human parvovirus Bright-red “slapped-cheek” Most common in Mild fever; arthritis in 168
(fifth disease) B19 appearance followed by lacy children aged 3—12 adults; rash follows
reticular rash that waxes and years; occurs in resolution of fever
wanes over 3 weeks winter and spring
Exanthem subitum Human herpesvirus 6  Diffuse maculopapular eruption Usually affects Rash following 166
(roseola, sixth (sparing face); resolves within 2 children <3 years resolution of fever;
disease) days old similar to Boston
exanthem (echovirus
16)
Primary HIV infection HIV Nonspecific diffuse macules and  Individuals recently ~ Pharyngitis, 173
papules; may be urticarial; oral or infected with HIV adenopathy,
genital ulcers in some cases arthralgias
Infectious Epstein-Barr virus Diffuse maculopapular eruption Adolescents, young Hepatosplenomegaly, 165
mononucleosis (10—15% of cases; 90% if adults pharyngitis, cervical
ampicillin is given); urticaria in lymphadenopathy,
some cases; periorbital edema atypical
(50%); palatal petechiae (25%) lymphocytosis,
heterophile antibody
Other viral exanthems Echoviruses 2, 4, 9, Skin findings mimicking rubella or Affect children more  Nonspecific viral 175
11, 16, 19, and 25; measles commonly than syndromes
coxsackieviruses A9, adults
B1, and B5; etc.
Exanthematous drug- Drugs (antibiotics, Intensely pruritic, bright-red Occurs 2—3 d after Variable findings: fever 50
induced eruption anticonvulsants, macules and papules, symmetric ~ exposure in and eosinophilia
diuretics, etc.) on trunk and extremities; may previously sensitized
become confluent individuals;
otherwise, after 2—3
weeks (but can occur
anytime, even
shortly after drug is
discontinued)
Epidemic typhus Rickettsia prowazekii Maculopapular eruption appearing Exposure to body lice; Headache, myalgias; 158
in axillae, spreading to trunk and  occurrence of 10—40% mortality if
later to extremities; usually recrudescent typhus  untreated; milder
spares face, palms, soles; evolves as relapse after 30—  clinical presentation
from blanchable macules to 50 years in recrudescent form
confluent eruption with petechiae;
rash evanescent in recrudescent
typhus (Brill-Zinsser disease)
Endemic (murine) Rickettsia typhi Maculopapular eruption, usually ~ Exposure to rat or cat Headache, myalgias 158
typhus sparing palms, soles fleas
Scrub typhus Orientia Diffuse macular rash starting on Endemic in South Headache, myalgias, 158
tsutsugamushi trunk; eschar at site of mite bite Pacific, Australia, regional adenopathy;
Asia; transmitted by ~ mortality up to 30%
mites if untreated
Rickettsial spotted Rickettsia conorii Eschar common at bite site; Exposure to ticks; R. Headache, myalgias, 158
fevers (boutonneuse fever), maculopapular (rarely, vesicular conorii in regional adenopathy
Rickettsia australis and petechial) eruption on Mediterranean
(North Queensland proximal extremities, spreading region, India, Africa;
tick typhus), to trunk and face R. australis in
Rickettsia sibirica Australia; R. sibirica
(Siberian tick in Siberia, Mongolia
typhus), and others
Human Ehrlichia chaffeensis  Maculopapular eruption (40% of  Tick-borne; most Headache, myalgias, 158
monocytotropic cases), involves trunk and common in U.S. leukopenia
ehrlichiosis® extremities; may be petechial Southeast, southern
Midwest, and mid-
Atlantic regions
Leptospirosis Leptospira interrogans Maculopapular eruption; Exposure to water Myalgias; aseptic 155
conjunctivitis; scleral hemorrhage contaminated with meningitis; fulminant
in some cases animal urine form:
icterohemorrhagic
fever (Weil’s disease)
(continued )
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Group Affected/

Disease Etiology Description Epidemiologic Factors Clinical Syndrome Chapter
Lyme disease Borrelia burgdorferi  Papule expanding to erythematous Bite of tick vector Headache, myalgias, 157
annular lesion with central chills, photophobia
clearing (erythema chronicum occurring acutely;
migrans or ECM; average CNS disease,
diameter, 15 cm), sometimes myocardial disease,
with concentric rings, sometimes arthritis weeks to
with indurated or vesicular months later in some
center; multiple secondary ECM cases
lesions in some cases
Typhoid fever Salmonella typhi Transient, blanchable erythematous Ingestion of Variable abdominal 137
macules and papules, 2—4 mm, contaminated food pain and diarrhea;
usually on trunk (rose spots) or water (rare in headache, myalgias,
U.s.) hepatosplenomegaly
Dengue fever” Dengue virus (4 Rash in 50% of cases; initially Occurs in tropics and Headache, 180
serotypes; diffuse flushing; midway through  subtropics; musculoskeletal pain
flaviviruses) illness, onset of maculopapular transmitted by (“breakbone fever”);
rash, which begins on trunk and mosquito leukopenia;
spreads centrifugally to occasionally biphasic
extremities and face; pruritus, (“saddleback”) fever
hyperesthesia in some cases; after
defervescence, petechiae on
extremities in some cases
Rat-bite fever Spirillum minus Eschar at bite site; then blotchy Rat bite; primarily Regional adenopathy,
(sodoku) violaceous or red-brown rash found in Asia; rare recurrent fevers if
involving trunk and extremities in U.S. untreated
Relapsing fever Borrelia species Central rash at end of febrile Exposure to ticks or  Recurrent fever, 156
episode; petechiae in some cases  body lice headache, myalgias,
hepatosplenomegaly
Erythema marginatum Group A Erythematous annular papules and Patients with Pharyngitis preceding 302
(rheumatic fever) Streptococcus plaques occurring as polycyclic rheumatic fever polyarthritis, carditis,
lesions in waves over trunk, subcutaneous
proximal extremities; evolving nodules, chorea
and resolving within hours
Systemic lupus Autoimmune disease  Macular and papular erythema, Most common in Arthritis; cardiac, 300
erythematosus often in sun-exposed areas; young to middle- pulmonary, renal,
discoid lupus lesions (local aged women,; flares hematologic, and
atrophy, scale, pigmentary precipitated by sun vasculitic disease
changes); periungual exposure
telangiectasis; malar rash;
vasculitis sometimes causing
urticaria, palpable purpura; oral
erosions in some cases
Still’s disease Autoimmune disease  Transient 2- to 5-mm erythematous Children and young  High spiking fever, 316
papules appearing at height of adults polyarthritis,
fever on trunk, proximal splenomegaly;
extremities; lesions evanescent erythrocyte
sedimentation rate,
>100 mm/h
Arcanobacterial Arcanobacterium Diffuse, erythematous, Children and young  Exudative pharyngitis, 122
pharyngitis (Corynebacterium) maculopapular eruption involving  adults lymphadenopathy
haemolyticum trunk and proximal extremities;
may desquamate
PERIPHERAL ERUPTIONS
Chronic — — — — 127, 128
meningococcemia,
disseminated
gonococcal
infection®
Rocky Mountain Rickettsia rickettsii Rash beginning on wrists and Tick vector; Headache, myalgias, 158
spotted fever ankles and spreading widespread but more  abdominal pain;
centripetally; appears on palms common in mortality up to 40%
and soles later in disease; lesion southeastern and if untreated
evolution from blanchable southwest-central
macules to petechiae U.S.
Secondary syphilis Treponema pallidum  Coincident primary chancre in 10% Sexually transmitted  Fever, constitutional 153
of cases; copper-colored, scaly symptoms
papular eruption, diffuse but
prominent on palms and soles;
rash never vesicular in adults;
condyloma latum, mucous
patches, and alopecia in some
cases
(continued )
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TABLE 17-1 Diseases Associated with Fever and Rash— (continued)

Group Affected/

Disease Etiology Description Epidemiologic Factors Clinical Syndrome Chapter
Atypical measles Paramyxovirus Maculopapular eruption beginning Individuals contracting Headache, nodular 176
on distal extremities and measles who pneumonia
spreading centripetally; may received killed
evolve into vesicles or petechiae;  measles vaccine in
edema of extremities; Koplik’s 1963-1967 in U.S.
spots absent without subsequent
live vaccine
Hand-foot-and-mouth Coxsackievirus A16  Tender vesicles, erosions in mouth; Summer and fall; Transient fever 175
disease most common cause  0.25-cm papules on hands and primarily children
feet with rim of erythema <10 years old;
evolving into tender vesicles multiple family
members
Erythema multiforme  Drugs, infection, Target lesions (central erythema Drug intake (i.e., sulfa, Varies with —d
idiopathic causes surrounded by area of clearing phenytoin, predisposing factor
and another rim of erythema) up  penicillin); herpes
to 2 cm; symmetric on knees, simplex virus or
elbows, palms, soles; may Mycoplasma
become diffuse; may involve pneumoniae
mucosal surfaces (Stevens- infection
Johnson syndrome if 2 or more
mucosal sites involved)
Rat-bite fever Streptobacillus Maculopapular eruption over Rat bite, ingestion of Myalgias; arthritis
(Haverhill fever) moniliformis palms, soles, and extremities, contaminated food (50%); fever
tends to be more severe at joints; recurrence in some
eruption sometimes becoming cases
generalized; may be purpuric;
may desquamate
Bacterial endocarditis  Streptococcus, Subacute course: Osler’s nodes Abnormal heart valve, New heart murmur 109
Staphylococcus, etc.  (tender pink nodules on finger or  intravenous drug use
toe pads); petechiae on skin and
mucosa; splinter hemorrhages.
Acute course (S. aureus):
Janeway lesions (painless
erythematous or hemorrhagic
macules, usually on palms and
soles)
CONFLUENT DESQUAMATIVE ERYTHEMAS
Scarlet fever (second Group A Diffuse blanchable erythema Most common in Fever, pharyngitis, 121
disease) Streptococcus beginning on face and spreading  children aged 2—10 headache
(pyrogenic exotoxins  to trunk and extremities; years; usually
A, B, C) circumoral pallor; “sandpaper” follows group A
texture to skin; accentuation of streptococcal
linear erythema in skin folds pharyngitis
(Pastia’s lines); enanthem of
white evolving into red
“strawberry” tongue;
desquamation in second week
Kawasaki disease Idiopathic causes Rash similar to scarlet fever Children <8 years Cervical adenopathy, 48, 306
(scarlatiniform) or erythema pharyngitis, coronary
multiforme; fissuring of lips, artery vasculitis
strawberry tongue; conjunctivitis;
edema of hands, feet;
desquamation later in disease
Streptococcal toxic Group A When present, rash often May occur in setting ~ Multiorgan failure, 121
shock syndrome Streptococcus scarlatiniform of severe group A hypotension; 30%
(associated with streptococcal mortality rate
pyrogenic exotoxin infections, such as
A and/or B or necrotizing fasciitis,
certain M types) bacteremia,
pneumonia
Staphylococcal toxic ~ S. aureus (toxic shock Diffuse erythema involving palms; Colonization with Fever >39°C (102°F), 120
shock syndrome syndrome toxin 1, pronounced erythema of mucosal  toxin-producing hypotension,
enterotoxin B or C) surfaces, conjunctivitis; S. aureus multiorgan
desquamation 7—10 days into dysfunction
illness
Staphylococcal S. aureus, phage group Diffuse tender erythema, often with Colonization with Irritability; nasal or 120
scalded-skin I bullae and desquamation; toxin-producing S. conjunctival
syndrome Nikolsky’s sign aureus; occurs in secretions
children <10 years
old (termed “Ritter’s
disease” in neonates)
or adults with renal
dysfunction
(continued )
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Group Affected/

Disease Etiology Description Epidemiologic Factors Clinical Syndrome Chapter
Exfoliative Underlying psoriasis, Diffuse erythema (often scaling)  Usually occurs in Fever, chills (i.e., 47, 50
erythroderma eczema, drug interspersed with lesions of adults over age 50; difficulty with
syndrome eruption, mycosis underlying condition more common in thermoregulation);
fungoides men lymphadenopathy
Toxic epidermal Drugs, other causes  Diffuse erythema or target-like Uncommon in Dehydration, sepsis 50
necrolysis (infection, neoplasm, lesions progressing to bullae, children; more sometimes resulting
graft-vs.-host with sloughing and necrosis of common in patients from lack of normal
disease) entire epidermis; Nikolsky’s sign  with HIV infection skin integrity; 25%
or graft-vs.-host mortality
disease
VESICULOBULLOUS ERUPTIONS
Hand-foot-and-mouth — — — — d
syndrome®;
staphylococcal
scalded-skin
syndrome, toxic
epidermal necrolysis
Varicella (chickenpox) Varicella-zoster virus Macules (2—3 mm) evolving into  Usually affects Malaise; mild disease 164
papules, then vesicles (sometimes  children; 10% of in healthy children;
umbilicated), on an erythematous  adults susceptible; more severe disease
base (“dewdrops on a rose most common in late  with complications in
petal”); pustules then forming winter and spring adults and
and crusting; lesions appearing in immunocompromised
crops; may involve scalp, mouth; children
intensely pruritic
Variola (smallpox) Variola major virus Red macules on tongue, palate Nonimmune Prodrome of fever, 205
evolving to papules and vesicles;  individuals exposed  headache, backache,
skin macules evolving to papules, to smallpox myalgias; vomiting in
then vesicles, then pustules over 50% of cases
1 week, with subsequent lesion
crusting; lesions initially
appearing on face and spreading
centrifugally from trunk to
extremities; differs from varicella
in that (1) skin lesions in any
given area are at same stage of
development and (2) there is a
prominent distribution of lesions
on face and extremities (includ-
ing palms, soles) as opposed to
prominent rash on trunk
Disseminated Varicella-zoster virus  Individual lesions similar for Immunosuppressed Visceral organ 163, 164, 360
herpesvirus infection  or herpes simplex varicella-zoster and HSV; zoster  individuals, eczema  involvement
virus (HSV) cutaneous dissemination: >25 (especially liver) in
lesions extending outside some cases
involved dermatome; HSV:
extensive, progressive
mucocutaneous lesions in some
cases; HSV lesions sometimes
disseminate in eczematous skin
(eczema herpeticum); HSV
visceral dissemination may occur
with only limited skin lesions
Rickettsialpox Rickettsia akari Eschar found at site of mite bite; Seen in urban settings; Headache, myalgias, 158
generalized rash involving face, transmitted by regional adenopathy;
trunk, extremities; may involve mouse mites mild disease
palms and soles; <100 papules
and plaques (2—10 mm); tops of
lesions develop vesicles that may
evolve into pustules
Disseminated Vibrio V. vulnificus Erythematous lesions evolving into Patients with cirrhosis, Hypotension; 50% 140
vulnificus infection hemorrhagic bullae and then into  diabetes, renal mortality
necrotic ulcers failure; exposure by
ingestion of
contaminated
saltwater seafood
Ecthyma gangrenosum Pseudomonas Indurated plaque evolving into Usually affects Clinical signs of sepsis 136
aeruginosa, other hemorrhagic bulla or pustule that  neutropenic patients;
gram-negative rods,  sloughs, resulting in eschar occurs in up to 28%
fungi formation; erythematous halo; of individuals with
most common in axillary, groin, Pseudomonas
perianal regions bacteremia
(continued )
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Group Affected/

Disease Etiology Description Epidemiologic Factors Clinical Syndrome Chapter
URTICARIAL ERUPTIONS
Urticarial vasculitis Serum sickness, often Erythematous, circumscribed areas In serum sickness, Malaise, 306
due to infection of edema; occasionally indurated; occurs 8—14 days lymphadenopathy,
(including hepatitis pruritic or burning; lesions after antigen myalgias, arthralgias
B viral, enteroviral, sometimes purpuric; individual exposure in
parasitic), drugs lesions lasting up to 5 days nonsensitized
(including individuals; may
penicillins, occur within 36 h in
sulfonamides, sensitized
salicylates, individuals
barbiturates);
connective tissue
disease; idiopathic
causes
NODULAR ERUPTIONS
Disseminated infection Fungi (e.g., Subcutaneous nodules (up to 3 Immunocompromised Features vary with —d
candidiasis, cm); fluctuance, draining hosts (i.e., bone organism
histoplasmosis, common with mycobacteria; marrow transplant
cryptococcosis, necrotic nodules (extremities, recipients, patients
sporotrichosis, periorbital or nasal regions) undergoing
coccidioi- common with Aspergillus, Mucor — chemotherapy, HIV-
domycosis); infected patients,
mycobacteria alcoholics)
Erythema nodosum Infections (e.g., Large, violaceous, nonulcerative, =~ More common in Arthralgias (50%); —d
(septal panniculitis) streptococcal, fungal, subcutaneous nodules; exquisitely females 15—30 years features vary with
mycobacterial, tender; usually on lower legs but  old associated condition
yersinial); drugs also on upper extremities
(e.g., sulfas,
penicillins, oral
contraceptives);
sarcoidosis;
idiopathic causes
Sweet’s syndrome Yersinial infection; Tender red or blue edematous More common in Headache, arthralgias, 48
(acute febrile lymphoproliferative ~ nodules giving impression of women and in leukocytosis
neutrophilic disorders; idiopathic  vesiculation; usually on face, persons 30—60 years
dermatosis) causes neck, upper extremities; when on  old; 20% of cases
lower extremities, may mimic associated with
erythema nodosum malignancy (men
and women equally
affected in this
group)
Bacillary angiomatosis Bartonella henselae or Many forms, including Usually in HIV Peliosis of liver and 144
Bartonella quintana  erythematous, smooth vascular infection spleen in some cases;
nodules; friable, exophytic lesions may involve
lesions; erythematous plaques multiple organs;
(may be dry, scaly); bacteremia
subcutaneous nodules (may be
erythematous)
PURPURIC ERUPTIONS
Rocky Mountain — — — — —d
spotted fever, rat-
bite fever,
endocarditis¢;
epidemic typhuss;
dengue fever
Acute Neisseria meningitidis Petechiae rapidly becoming Most common in Hypotension, 127
meningococcemia numerous, sometimes enlarging children, individuals  meningitis
and becoming vesicular; trunk, with asplenia or (sometimes preceded
extremities most commonly terminal complement by upper respiratory
involved; may appear on face, component infection)
hands, feet; may include purpura  deficiency (C5-C8)
fulminans reflecting disseminated
intravascular coagulation (see
below)
(continued )
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Disease Etiology Description Epidemiologic Factors Clinical Syndrome Chapter
Purpura fulminans Severe disseminated  Large ecchymoses with sharply Individuals with sepsis Hypotension 127, 254
intravascular irregular shapes evolving into (e.g., involving N.
coagulation hemorrhagic bullae and then into  meningitidis),
black necrotic lesions malignancy, or
massive trauma;
asplenic patients at
high risk for sepsis
Chronic N. meningitidis Variety of recurrent eruptions, Individuals with Fevers, sometimes 127
meningococcemia including pink maculopapular; complement intermittent; arthritis,
nodular (usually on lower deficiencies myalgias, headache
extremities); petechial
(sometimes developing vesicular
centers); purpuric areas with pale
blue-gray centers
Disseminated Neisseria gonorrhoeae Papules (1-5 mm) evolving over  Sexually active Low-grade fever, 128
gonococcal infection 1-2 days into hemorrhagic individuals (more tenosynovitis, arthritis
pustules with gray necrotic often females), some
centers; hemorrhagic bullae with complement
occurring rarely; lesions (usually  deficiency
fewer than 40) distributed
peripherally near joints (more
commonly on upper extremities)
Enteroviral petechial ~ Usually echovirus 9 or Disseminated petechial lesions Often occurs in Pharyngitis, headache; 175
rash coxsackievirus A9 (may also be maculopapular, outbreaks aseptic meningitis
vesicular, or urticarial) with echovirus 9
Viral hemorrhagic Arboviruses and Petechial rash Residence in or travel Triad of fever, shock, 180, 181

fever

Thrombotic
thrombocytopenic
purpura/hemolytic-
uremic syndrome

arenaviruses

Idiopathic, Escherichia Petechiae

coli O157:H7 (Shiga
toxin), drugs

to endemic areas or
other virus exposure

Individuals with E.
coli O157:H7
gastroenteritis
(especially children),
cancer chemotherapy,
HIV infection,
autoimmune
diseases; pregnant/
postpartum women

hemorrhage from
mucosa or
gastrointestinal tract

Fever (not always
present), hemolytic
anemia,
thrombocytopenia,
renal dysfunction,
neurologic
dysfunction;
coagulation studies
normal

48,93, 101, 134, 138

Cutaneous small- Infections (including  Palpable purpuric lesions appearing Occurs in a wide Fever, malaise, 48
vessel vasculitis group A in crops on legs or other spectrum of diseases, arthralgias, myalgias;
(leukocytoclastic Streptococcus, viral ~ dependent areas; may become including connective  systemic vasculitis in
vasculitis) hepatitis), drugs, vesicular or ulcerative; usually tissue disease, some cases; renal,

chemicals, food resolve over 3—4 weeks cryoglobulinemia, joint, and

allergens, idiopathic malignancy, gastrointestinal

causes Henoch-Schonlein involvement
purpura (HSP); more commonly seen in
common in children =~ HSP

ERUPTIONS WITH ULCERS AND/OR ESCHARS

Scrub typhus, — — — —
rickettsial spotted
fevers, rat-bite fevers;
rickettsialpox, ecthyma
gangrenosum”

Tularemia Francisella tularensis Ulceroglandular form: Exposure to ticks, Fever, headache, 142

erythematous, tender papule biting flies, infected ~ lymphadenopathy
evolves into necrotic, tender ulcer animals

with raised borders; in 35% of

cases, eruptions (maculopapular,

vesiculopapular, acneiform,

urticarial, erythema nodosum, or

erythema multiforme) may occur

Anthrax Bacillus anthracis Pruritic papule enlarging and Exposure to infected Lymphadenopathy, 205

evolving into a 1- by 3-cm animals or animal headache

painless ulcer surrounded by
vesicles and then developing a
central eschar with edema;
residual scar

products or other
exposure to anthrax
spores

¢ In human granulocytotropic ehrlichiosis, or anaplasmosis (caused by Anaplasma phag-

4 See etiology-specific chapters.

ocytophila; most common in the upper midwestern and northeastern regions of the United

States), rash is rare.

b See “Viral hemorrhagic fever” under “Purpuric eruptions” for dengue hemorrhagic fever/

dengue shock syndrome.
¢ See “Purpuric eruptions.”

¢ See “Peripheral eruptions.”

/ See “Confluent desquamative erythemas.”

¢ See “Centrally distributed maculopapular eruptions.”
" See “Vesiculobullous eruptions.”
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116 Part Il Cardinal Manifestations and Presentation of Diseases
berry tongue or circumoral pallor. In contrast to the staphylococcal
scalded-skin syndrome, in which the cleavage plane is superficial in
the epidermis, foxic epidermal necrolysis (Chap. 50) involves slough-
ing of the entire epidermis, resulting in severe disease. Exfoliative
erythroderma syndrome (Chaps. 47 and 50) is a serious reaction as-
sociated with systemic toxicity that is often due to eczema, psoriasis,
mycosis fungoides, or a severe drug reaction.

VESICULOBULLOUS ERUPTIONS Varicella (Chap. 164) is highly conta-
gious, often occurring in winter or spring. At a given time within a
given region of the body, varicella lesions are in different stages of
development. In immunocompromised hosts, varicella vesicles may
lack the characteristic erythematous base or may appear hemorrhagic.
Lesions of variola (smallpox; Chap. 205) appear similar to those of
varicella but are all at the same stage of development in a given region
of the body. Variola lesions are most prominent on the face and ex-
tremities, while varicella lesions are most prominent on the trunk.
Rickettsialpox (Chap. 158) is often documented in urban settings and
is characterized by vesicles. It can be distinguished from varicella by
an eschar at the site of the mouse-mite bite and the papule/plaque base
of each vesicle. Disseminated Vibrio vulnificus infection (Chap. 140)
or ecthyma gangrenosum due to Pseudomonas aeruginosa (Chap. 136)
should be considered in immunosuppressed individuals with sepsis
and hemorrhagic bullae.

URTICARIAL ERUPTIONS Individuals with classic urticaria (“hives”) usu-
ally have a hypersensitivity reaction without associated fever. In the
presence of fever, urticarial eruptions are usually due to wurticarial
vasculitis (Chap. 306). Unlike individual lesions of classic urticaria,
which last up to 48 h, these lesions may last up to 5 days. Etiologies
include serum sickness (often induced by drugs such as penicillins,
sulfas, salicylates, or barbiturates), connective-tissue disease (e.g., sys-
temic lupus erythematosus or Sjogren’s syndrome), and infection (e.g.,
with hepatitis B virus, enteroviruses, or parasites). Malignancy may
be associated with fever and chronic urticaria (Chap. 48).

NODULAR ERUPTIONS In immunocompromised hosts, nodular lesions
often represent disseminated infection. Patients with disseminated can-
didiasis (often due to Candida tropicalis) may have a triad of fever,
myalgias, and eruptive nodules (Chap. 187). Disseminated cryptococ-
cosis lesions (Chap. 186) may resemble molluscum contagiosum. Ne-
crosis of nodules should raise the suspicion of aspergillosis (Chap.
188) or mucormycosis (Chap. 189). Erythema nodosum presents with
exquisitely tender nodules on the lower extremities. Sweet’s syndrome
(Chap. 48) should be considered in individuals with multiple nodules
and plaques, often so edematous that they give the appearance of ves-

icles or bullae. Sweet’s syndrome may affect either healthy individuals
or persons with lymphoproliferative disease.

PURPURIC ERUPTIONS  Acute meningococcemia (Chap. 127) classically
presents in children as a petechial eruption, but initial lesions may
appear as blanchable macules or urticaria. RMSF should be considered
in the differential diagnosis of acute meningococcemia. Echovirus 9
infection (Chap. 175) may mimic acute meningococcemia; patients
should be treated as if they have bacterial sepsis since prompt differ-
entiation of these conditions may be impossible. Large ecchymotic
areas of purpura fulminans (Chaps. 127 and 254) reflect severe un-
derlying disseminated intravascular coagulation, which may be due to
infectious or noninfectious causes. The lesions of chronic meningo-
coccemia (Chap. 127) may have a variety of morphologies, including
petechial. Purpuric nodules may develop on the legs and resemble
erythema nodosum but lack its exquisite tenderness. Lesions of dis-
seminated gonococcemia (Chap. 128) are distinctive, sparse, countable
hemorrhagic pustules, usually located near joints. The lesions of
chronic meningococcemia and those of gonococcemia may be indis-
tinguishable in terms of appearance and distribution. Viral hemor-
rhagic fever (Chaps. 180 and 181) should be considered in patients
with an appropriate travel history and a petechial rash. Thrombotic
thrombocytopenic purpura (Chaps. 48, 93, and 101) and hemolytic-
uremic syndrome (Chaps. 101, 134, and 138) are closely related and
are noninfectious causes of fever and petechiae. Cutaneous small-ves-
sel vasculitis (leukocytoclastic vasculitis) typically manifests as pal-
pable purpura and has a wide variety of causes (Chap. 48).

ERUPTIONS WITH ULCERS OR ESCHARS The presence of an ulcer or eschar
in the setting of a more widespread eruption can provide an important
diagnostic clue. For example, the presence of an eschar may suggest
the diagnosis of scrub typhus or rickettsialpox (Chap. 158) in the ap-
propriate setting. In other illnesses (e.g., anthrax; Chap. 205), an ulcer
or eschar may be the only skin manifestation.
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FEVER OF UNKNOWN ORIGIN
Jeffrey A. Gelfand, Michael V. Callahan

DEFINITION AND CLASSIFICATION Fever of unknown origin (FUO) was
defined by Petersdorf and Beeson in 1961 as (1) temperatures of
>38.3°C (>101°F) on several occasions; (2) a duration of fever of >3
weeks; and (3) failure to reach a diagnosis despite 1 week of inpatient
investigation. While this classification has stood for more than 30
years, Durack and Street have proposed a new system for classification
of FUO: (1) classic FUO; (2) nosocomial FUO; (3) neutropenic FUO;
and (4) FUO associated with HIV infection (Table 18-1).

Classic FUO corresponds closely to the earlier definition of FUO,
differing only with regard to the prior requirement for 1 week’s study
in the hospital. The new definition is broader, stipulating three out-
patient visits or 3 days in the hospital without elucidation of a cause
or 1 week of “intelligent and invasive” ambulatory investigation. In

nosocomial FUO, a temperature of =38.3°C (=101°F) develops on
several occasions in a hospitalized patient who is receiving acute care
and in whom infection was not manifest or incubating on admission.
Three days of investigation, including at least 2 days’ incubation of
cultures, is the minimum requirement for this diagnosis. Neutropenic
FUO is defined as a temperature of =38.3°C (=101°F) on several
occasions in a patient whose neutrophil count is <500/uL or is ex-
pected to fall to that level in 1 to 2 days. The diagnosis of neutropenic
FUO is invoked if a specific cause is not identified after 3 days of
investigation, including at least 2 days’ incubation of cultures. HIV-
associated FUOQ is defined by a temperature of =38.3°C (=101°F) on
several occasions over a period of >4 weeks for outpatients or >3
days for hospitalized patients with HIV infection. This diagnosis is
invoked if appropriate investigation over 3 days, including 2 days’
incubation of cultures, reveals no source.

Adoption of these categories of FUO on a wide scale in the liter-
ature would allow a more rational compilation of data regarding these



TABLE 18-1 Categories of FUO"

Category of FUO

Feature Nosocomial Neutropenic

HIV-Associated Classic

Patient’s situation Hospitalized, acute care,
no infection when
admitted

days

Duration of illness while 3 days”

under investigation

Examples of cause

3 days®

Septic thrombophlebitis,
sinusitis, Clostridium
difficile colitis, drug
fever

Neutrophil count either
<500/uL or expected to
reach that level in 1-2

Perianal infection,
aspergillosis, candidemia

All others with fevers for
=3 weeks

Confirmed HIV-positive

3 days? (or 4 weeks as
outpatient)

MALI‘ infection,
tuberculosis, non-
Hodgkin’s lymphoma,
drug fever

3 days" or three outpatient
visits

Infections, malignancy,
inflammatory diseases,
drug fever

@ All require temperatures of =38.3°C (=101°F) on several occasions.
b Includes at least 2 days’ incubation of microbiology cultures.
¢ M. avium/M. intracellulare.

disparate groups. In the remainder of this chapter, the discussion will
focus on classic FUO unless otherwise specified.

CAUSES OF CLASSIC FUO Table 18-2 summarizes the findings of several
large studies of FUO carried out since the advent of the antibiotic era,
including a prospective study of 167 adult patients with FUO encom-
passing all 8 university hospitals in the Netherlands and using a stan-
dardized protocol in which the first author reviewed every patient.
Coincident with the widespread use of antibiotics, increasingly useful
diagnostic technologies—both noninvasive and invasive—have been
developed. Newer studies reflect not only changing patterns of disease
but also the impact of diagnostic techniques that make it possible to
eliminate many patients with specific illness from the FUO category.
The ubiquitous use of potent broad-spectrum antibiotics may have
decreased the number of infections causing FUO. The wide availability
of ultrasonography, computed tomography (CT), magnetic resonance
imaging (MRI), radionuclide scanning, and positron emission tomog-
raphy (PET) scanning has enhanced the detection of occult neoplasms
and lymphomas in patients previously thought to have FUO. Likewise,
the widespread availability of highly specific and sensitive immuno-
logic testing has reduced the number of undetected cases of systemic
lupus erythematosus and other autoimmune diseases.

Infections, especially extrapulmonary tuberculosis, remain the
leading diagnosable cause of FUO. Prolonged mononucleosis syn-
dromes caused by Epstein-Barr virus, cytomegalovirus (CMV), or HIV
are conditions whose consideration as a cause of FUO is sometimes
confounded by delayed antibody responses. Intraabdominal abscesses
(sometimes poorly localized) and renal, retroperitoneal, and paraspinal
abscesses continue to be difficult to diagnose. Renal malacoplakia,
with submucosal plaques or nodules involving the urinary tract, may
cause FUO and is often fatal if untreated. It is associated with coliform
infection, is seen most often in patients with defects of intracellular
bacterial killing, and is treated with fluoroquinolones or trimethoprim-
sulfamethoxazole. Occasionally, other organs may be involved. Os-
teomyelitis, especially where prosthetic devices have been implanted,
and infective endocarditis must be considered. Although true culture-
negative infective endocarditis is rare, one may be misled by slow-
growing organisms of the HACEK group (Haemophilus aphrophilus,
Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Ei-

Source: Modified from DT Durack, AC Street, in JS Remington, MN Swartz (eds): Current
Clinical Topics in Infectious Diseases. Cambridge, MA, Blackwell, 1991.

kenella corrodens, and Kingella kingae; Chap. 131), Bartonella spp.
(previously Rochalimaea), Legionella spp., Coxiella burnetii, Chla-
mydia psittaci, and fungi. Prostatitis, dental abscesses, sinusitis, and
cholangitis continue to be sources of occult fever.

Fungal disease, most notably histoplasmosis involving the reticu-
loendothelial system, may cause FUO. FUO with headache should
prompt examination of spinal fluid for Cryprococcus neoformans. Ma-
laria (which may result from transfusion, the failure to take a pre-
scribed prophylactic agent, or infection with a drug-resistant strain)
continues to be a cause, particularly of asynchronous FUO. A related
protozoan species, Babesia, may cause FUO and is increasing in geo-
graphic distribution and in incidence, especially among the elderly and
immunosuppressed.

In most earlier series, neoplasms were the next most common cause
of FUO after infections (Table 18-2). In the two most recent series, a
decrease in the percentage of FUO cases due to malignancy was at-
tributed to improvement in diagnostic technologies—in particular,
high-resolution tomography and tumor antigen assays. This observa-
tion does not diminish the importance of considering neoplasia in the
initial diagnostic evaluation of a patient with fever. A number of pa-
tients in these series had temporal arteritis, adult Still’s disease, drug-
related fever, and factitious fever. In recent series, ~25 to 30% of
cases of FUO have remained undiagnosed. The general term nonin-

fectious inflammatory diseases applies to systemic rheumatologic or

vasculitic diseases such as polymyalgia rheumatica, lupus, and adult
Still’s disease as well as to granulomatous diseases such as sarcoidosis
and Crohn’s and granulomatous hepatitis. Table 18-3 shows the 10
leading causes of FUO identified in an investigation at several U.S.
community hospitals; the method of classification—i.e., “lumping or
splitting” of specific entities—can skew rank.

In the elderly, multisystem disease is the most frequent cause of
FUO, giant cell arteritis being the leading etiologic entity in this cat-
egory. Tuberculosis is the most common infection causing FUO in the
elderly, and colon cancer is an important cause of FUO with malig-
nancy in this age group.

Many diseases have been grouped in the various studies as “mis-
cellaneous.” On this list are drug fever, pulmonary embolism, facti-
tious fever, the hereditary periodic fever syndromes (familial

TABLE 18-2 Classic FUO in Adults

Noninfectious
Inflammatory Miscellaneous Undiagnosed
No. of Infections Neoplasms Diseases Causes Causes

Authors (Year of Publication) Years of Study Cases (%) %) %) %) %)
Petersdorf and Beeson (1961) 1952-1957 100 36 19 19« 19« 7
Larson and Featherstone (1982) 1970—1980 105 32 20 164 114 7
Knockaert and Vanneste (1992) 1980-1989 199 22.5 7 234 21.5¢ 25.5
DeKleijn et al. (1997, Part I) 1992-1994 167 26 12.5 24 8 30

@ Authors’ raw data retabulated to conform to altered diagnostic categories.

Source: Modified from DeKleijn et al., 1997 (Part I).
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TABLE 18-3 Ten Leading Causes of Classic FUO among Adults at Community
Hospitals in the United States

Cause % of Total
Lymphoma 16
Collagen vascular disease 16
Abscess 13
Undiagnosed cause 9

Solid tumor 8
Thrombosis or hematoma 7
Granulomatous disease, nonmycobacterial 5
Endocarditis 5
Mycobacterial disease 5
Viral disease 5
Remaining causes 11

Source: Adapted from Kazanjian, 1992.

Mediterranean fever, hyper-IgD syndrome, tumor necrosis factor
receptor—associated periodic syndrome), familial cold urticaria, the
Muckle-Wells syndrome, and Fabry’s disease.

A drug-related etiology must be considered in any case of pro-
longed fever. Any febrile pattern may be elicited by a drug, and both
relative bradycardia and hypotension are uncommon. Eosinophilia
and/or rash is found in only one-fifth of patients with drug fever, which
usually begins 1 to 3 weeks after the start of therapy and remits 2 to
3 days after therapy is stopped. Virtually all classes of drugs cause
fever, but antimicrobial agents (especially B-lactam antibiotics), car-
diovascular drugs (e.g., quinidine), antineoplastic drugs, and drugs act-
ing on the central nervous system (e.g., phenytoin) are particularly
common causes.

It is axiomatic that, as the duration of fever increases, the likelihood
of an infectious cause decreases, even for the more indolent infectious
etiologies (e.g., brucellosis, paracoccidioidomycosis, Plasmodium ma-
lariae) (Table 18-4). In a series of 347 patients referred to the National
Institutes of Health from 1961 to 1977, only 6% had an infection. A
significant proportion (9%) had factitious fevers—i.e., fevers due ei-
ther to false elevations of temperature or to self-induced disease. A
substantial number of these factitious cases were in young women in
the health professions. It is worth noting that 8% of the patients with
prolonged fevers (some of whom had completely normal liver function
studies) had granulomatous hepatitis, and 6% had adult Still’s disease.
After prolonged investigation, 19% of cases still had no specific di-
agnosis. A total of 27% of patients had no actual fever during inpatient
observation or had an exaggerated circadian temperature rhythm with-
out chills, elevated pulse, or other abnormalities.

The conditions that may be considered in a differential diagnosis
of classic FUO in adults are listed in Table 18-5. This list applies
strictly to the United States; the frequency of global travel underscores
the need for a detailed travel history, and the continuing emergence of
new infectious diseases makes this listing potentially incomplete. In-
creased international and domestic terrorist activity involving the in-
tentional release of infectious agents, many of which cause illnesses
presenting with prolonged fever, further underscores the need for ob-
taining an insightful environmental, occupational, and professional
history, with early notification of public health authorities in cases of
suspicious etiology (Chap. 205).

SPECIALIZED DIAGNOSTIC STUDIES m C(lassic FUO A stepwise flow chart
depicting the diagnostic workup and therapeutic management of FUO
is provided in Fig. 18-1. In this flow chart, reference is made to “po-
tentially diagnostic clues,” as outlined by DeKleijn and colleagues;
these clues may be key findings in the history (e.g., travel), localizing
signs, or key symptoms. Certain specific diagnostic maneuvers be-
come critical in dealing with prolonged fevers. If factitious fever is
suspected, electronic thermometers should be used, temperature-taking
should be supervised, and simultaneous urine and body temperatures

should be measured. Thick blood smears should be examined for Plas-
modium; thin blood smears, prepared with proper technique and qual-
ity stains and subjected to expert microscopy, should be used to
speciate Plasmodium and to identify Babesia, Trypanosoma, Leish-
mania, Rickettsia, and Borrelia. Any tissue removed during prior rel-
evant surgery should be reexamined; slides should be requested, and,
if need be, paraffin blocks of fixed pathologic material should be re-
examined and additional special studies performed. Relevant x-rays
should be reexamined; reviewing of prior radiologic reports may be
insufficient. Serum should be set aside in the laboratory as soon as
possible and retained for future examination for rising antibody titers.
Febrile agglutinins is a vague term that in most laboratories refers to
serologic studies for salmonellosis, brucellosis, and rickettsial dis-
eases. These studies are seldom useful, having low sensitivity and
variable specificity. Multiple blood samples (no fewer t