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George W. Thorn
1906-2004

George W. Thorn was an
editor of the first seven
editions and Editor-in-
Chief of the eighth edi-
tion. As a founding editor,
he had an enormous im-
pact on Harrison’s and
thereby on the education
of countless thousands
of physicians and medi-
cal students. His incisive-
ness, inventiveness, and originality, coupled with his broad
knowledge of clinical medicine and medical science and his un-
swerving dedication to the application of techniques of contem-
porary science to the advancement of clinical medicine, played a
vital role in the original organization of this textbook.

George Thorn began his remarkable career in endocrinolog-
ic research as a medical student at the University of Buffalo
School of Medicine. Following a stint in general practice, which
subsequently served him well as an educator, clinical investiga-
tor, and consultant, he obtained research training and held fac-
ulty positions at several institutions. In 1942, at the age of 36,
he became Hersey Professor of the Theory and Practice of
Physic (Medicine) at Harvard Medical School and Physician-
in-Chief at Brigham and Women’s. During the three decades in
which he filled these positions with distinction, he created one

of the first modern academic medical units where the educa-
tion of physician-scientists, the highest standards of clinical
care, and the conduct of exciting clinical research were inextri-
cably intertwined and mutually reinforcing. Thorn’s personal
investigative interests focused on the adrenal cortex and the
kidney. He developed techniques for the diagnosis of adrenal
disease that are still in wide use. He characterized salt-losing
nephritis and catalyzed the development of renal dialysis and
the work that led to the development of renal transplantation.

George Thorn played many leadership roles in medicine and
medical science. As a member of the governing board of the
Massachusetts Institute of Technology (MIT) he was instru-
mental in the development of the Harvard-MIT program in
Health Science and Technology. He was the founder, Director,
and then President of the Howard Hughes Medical Institute,
which became a major world force in the conduct of funda-
mental biomedical research under his leadership.

Thorn has influenced most profoundly a number of institu-
tions: Harvard, the Brigham, MIT, and the Hughes Institute. To
these and to Harrison’s, he brought a unique blend of ebullience,
imagination, curiosity, personal leadership, good humor, warmth,
and compassion, which inspired generations of Harvard medical
students, Brigham residents and research fellows, Hughes investi-
gators, and editorial colleagues. The present Editors are pleased to
express their admiration for this medical giant and beloved friend
by dedicating this seventeenth edition of Harrison’s to George W.
Thorn, one of the founders of this book.

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 authors and
the publisher of this work have checked with sources believed to be reliable in their ef-
forts 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 authors nor the publisher nor any other par-
ty 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 dis-
claim all responsibility for any errors or omissions or for the results obtained from use
of the information contained in this work. Readers are encouraged to confirm the infor-
mation 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 work is ac-
curate and that changes have not been made in the recommended dose or in the contra-
indications for administration. This recommendation is of particular importance in
connection with new or infrequently used drugs.

COVER ILLUSTRATIONS

(1) Figure 222-10. Three-dimensional reconstruction of a CT angiogram demonstrating a
normal main left coronary artery arising from the aorta and its two branches, the left ante-
rior descending artery (left) and the left circumflex artery (right).

(2) Computer rendition of chains of Streptococcus pneumoniae bacteria. This gram-positive
oval-shaped bacterium is one of the causes of pneumonia. Although found living harm-
lessly in the body, S. preumoniae can cause dangerous opportunistic infections of the lung.
(Credit: Hybrid Medical Animation/Photo Researchers, Inc.)

(3) Three-dimensional representation of blood cells.

(4) Mlustration of a myelinated axon with sodium channels clustered at the nodes of Ranvier
where axonal depolarization occurs; this event results in saltatory conduction, with nerve
impulse jumping from one node to the next.

(5) Figure 364-15A. A CT perfusion mean transit—time map showing delayed perfusion of
the left middle cerebral artery distribution.




SUMMARIES OF CHAPTERS e1 TO e39

For complete text for these chapters, see Harrison’s, 17e, DVD

Chapter e1 # The Safety and Quality of Health Care

A number of interventions that have been demonstrated to improve the
safety and quality of care are available today and should be used more
widely in clinical practice. Other interventions are undergoing evalua-
tion, and still others are being developed in parallel with new technolo-
gies such as electronic health records systems. Many interventions will
require changing the structure of care—for example, moving to a more
team-oriented approach and ensuring that patients are more involved in
their own care. Payers and the general public are now demanding better
information about safety and quality as well as better performance in
these areas. The clear implication is that these domains will need to be
addressed directly by providers. Thus, physicians must learn about these
two domains, how they can be improved, and the relative strengths and
limitations of our current ability to measure them.

Chapter e2 # Economic Considerations
in the Practice of Medicine

Physicians need to develop and maintain an understanding of this topic
and to reflect that understanding in their professional behavior. Cov-
ered in this chapter are the many causes of rising health care costs, with
new technology being the main one; the ways in which insurance cov-
erage (including Medicare and Medicaid) can drive demand for health
care services; the influence of health professionals, hospitals, and the
pharmaceutical and device industries on the supply of health care; and
the different strategies available for cost control. With health care
spending in the United States at >16% of the gross domestic product
(as of 2005), this chapter should be of interest to all physicians.

Chapter e3 # Racial and Ethnic Disparities
in Health Care

This chapter illustrates how such disparities persist in spite of the great
improvements in overall health and life expectancy. Many graphs and
bar charts document the nature, extent, and root causes of differences
in health care for minorities. These causes include social determinants,
lack of access, complexity of the health care system, stereotyping, and
patient-level factors such as mistrust. Key recommendations to bring
about improvement are given, as is advice to the individual health care
provider (e.g., being aware of disparities, practicing culturally compe-
tent care, avoiding stereotyping, and working to build trust).

Chapter e4 # Ethical Issues in Clinical Medicine

This chapter discusses fundamental ethical guidelines, patients who lack
decision-making capacity, decisions about life-sustaining interventions,
conflicts of interest, and just allocation of resources. The chapter helps
the physician to follow two fundamental but frequently conflicting ethi-
cal principles: respecting patient autonomy and acting in the patient’s
best interest. Also discussed are assessment of a patient’s capacity to
make medical decisions, choice of a surrogate, and standards for surro-
gate decision-making; care of dying patients, do-not-resuscitate orders,
and decisions about when to withdraw or withhold life-sustaining inter-
ventions; and the risks of financial incentives, gifts from pharmaceutical
companies, fear of treating HIV-infected patients, and reporting medi-
cal errors. The less-experienced physician will gain confidence in dealing
with these perplexing and, at times, emotionally draining issues.

Chapter e5 # Atlas of Rashes Associated with Fever

This chapter presents high-quality images of a variety of rashes that
have an infectious etiology and are commonly associated with fever.

Even the most astute and experienced clinician is often diagnostically
challenged by a patient with fever and rash, given the broad differen-
tial diagnosis. This atlas will help the physician to rapidly narrow the
differential, promptly recognize key features, and administer appro-
priate and sometimes life-saving therapy.

Chapter e6 # Memory Loss

This chapter discusses the formation of both long- and short-term
memories. Long-term memory is divided into declarative and non-
declarative memory; the former is further subdivided into semantic
and episodic memories. Nondeclarative memory is subdivided into
skills and habits (procedural memory), priming, conditioning, and
nonassociative learning. Also covered are the associated anatomic sub-
strates for each. Lesions in any of these associated areas cause deficits
in storing, retaining, and retrieving information. Short-term, or work-
ing, memory relies on different regions of the brain, and lesions that
disrupt their structure or function can be devastating. Testing of work-
ing memory can be effectively performed at the bedside. More detailed
testing of memory should probably be done by a neuropsychologist,
neuropsychiatrist, or behavioral neurologist.

Chapter e7 #g Atlas of Oral Manifestations of Disease

This atlas presents numerous outstanding photographs illustrating
many oral conditions that indicate clinical disease either in the
mouth or elsewhere. There is significant clinical value in examining
the oral cavity for signs of disease, as the health status of the oral cav-
ity is connected to cardiovascular disease and diabetes mellitus.

Chapter e8 # Approach to the Patient
with a Heart Murmur

This chapter provides comprehensive coverage of heart murmurs (sys-
tolic, diastolic, and continuous), their major attributes, and their re-
sponse to bedside maneuvers, detected by auscultation. Together with
the history, clinical context, and associated findings, this information
allows the clinician to construct a differential diagnosis to guide the
need for and urgency of further testing, such as echocardiography,
transesophageal echocardiography, or cardiac CT or MRIL

Chapter e9 # Atlas of Urinary Sediments
and Renal Biopsies

This chapter illustrates key diagnostic features of selected kidney dis-
eases, using light microscopy, immunofluorescence, and electron mi-
croscopy. Common urinalysis findings are also documented. The
chapter amplifies the physician’s knowledge of disorders of the kidney
and urinary tract.

Chapter e10 @ Atlas of Skin Manifestations
of Internal Disease

The atlas provides pictures of a selected group of inflammatory skin
eruptions and neoplastic conditions, illustrating (1) common skin dis-
eases and lesions, (2) nonmelanoma skin cancer, (3) melanoma and
pigmented lesions, (4) infectious diseases and the skin, (5) immuno-
logically mediated skin disease, and (6) skin manifestations of internal
disease. Physicians frequently have to decide whether a cutaneous pro-
cess is confined to the skin—a pure dermatologic event—or whether it
is a manifestation of internal disease relating to the patient’s overall
medical condition, given the marked rise in both melanoma and non-
melanoma skin cancer.
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of Peripheral Blood Smears

This atlas gives many examples of both normal and abnormal blood
smears and a guide to blood smear interpretation. A normal peripher-
al blood smear is shown, as are normal granulocytes, monocytes, eo-
sinophils, basophils, plasma cells, and bone marrow. Abnormal smears
illustrate the defects found in conditions such as iron-deficiency ane-
mia, sickle cell anemia, aplastic anemia, metastatic cancer, erythroid
hyperplasia, acute myeloid and lymphoblastic leukemias, chronic my-
eloid and lymphoid leukemias, adult T cell leukemia, follicular lym-
phoma, and Burkitt’s lymphoma, among others.

Chapter e12 #g Thymoma

The chapter begins with a brief overview of the composition and func-
tion of the thymus and lists the various abnormalities that can occur. A
thymoma develops when epithelial cells in the thymus become neo-
plastic. A link to myasthenia gravis (MG) is noted; about 30% of pa-
tients with a thymoma have MG, and MG patients have a high
incidence of thymic abnormalities. Thymomas may be associated with
other conditions (e.g., pure red cell aplasia) but to a lesser degree.
Staging and histologic classification are presented. Early-stage disease
is treated by surgical resection, with or without postoperative radiation.
A multimodality approach is taken in late-stage disease: neoadjuvant
chemotherapy followed by surgery, radiation therapy, and additional
consolidation chemotherapy.

Chapter e13 @ Late Consequences of Cancer
and Its Treatment

This chapter discusses the long-term consequences of successful can-
cer treatment. Some problems may be related to the cancer itself or to
the normal aging process, but many are caused by therapy, whether
surgery, radiation, or chemotherapy. There may also be associated psy-
chosocial problems. The consequences are covered in two ways—by
organ system and by cancer type. It is now apparent that monitoring
of cancer survivors is a critical component of their overall health care
and that some aspects of primary treatment should be modified,
where possible, to reduce later consequences.

Chapter e14 # Laboratory Diagnosis
of Infectious Diseases

The chapter documents the evolution of methods used in the clinical
microbiology laboratory to detect and identify viral, bacterial, fun-
gal, and parasitic agents and to determine the antibiotic susceptibili-
ty of bacterial and fungal pathogens. Detection methods range from
microscopic visualization, aided by a variety of stains, to systems
that detect and amplify biologic signals. Identification methods in-
clude both classic biochemical phenotyping and more sophisticated
methods such as gas chromatography and nucleic acid tests. Perhaps
most useful to the nonspecialist is the large table giving clear and
precise mstructions for collection and transport of specimens to the
laboratory for culture.

Chapter e15 # Infectious Complications
of Burns and Bites

This chapter details the consequences of breaches in the skin from ani-
mal bites and scratches, which allow the inoculation of microorgan-
isms into deeper, susceptible host tissues, and from burns, which may
cause massive destruction of the integument and derangements in hu-
moral and cellular immunity. The patient’s own flora and organisms
from the hospital environment can cause infections in burn injuries,
and the frequency of infection parallels the extent and severity of the
injury. Immunosuppression resulting from severe burns also puts pa-
tients at risk of infections, as do the necessary manipulations for clini-
cal care. The risks of infection, both local and systemic, that can result
from the variety of microorganisms involved in an animal or human

bite are detailed. The treatment section covers wound management,
antibiotic therapy for established infection and for prophylactic pur-
poses, and rabies and tetanus prophylaxis.

Chapter e16 # Laboratory Diagnosis
of Parasitic Infections

This chapter emphasizes the importance of the history and epidemiol-
ogy of a patient’s illness. Tables provide clear information on the geo-
graphic distribution, transmission, anatomic locations, and methods
employed for the diagnosis of flatworm, roundworm, and protozoal
infections. These tables should help the physician select the appropri-
ate body fluid or biopsy site for microscopic examination. Other tables
give information about the identification of parasites in samples from
specific anatomic locations. Also listed are parasites frequently associ-
ated with eosinophilia and the serologic and molecular tests currently
available for parasitic infections.

Chapter e17 # Pharmacology of Agents Used
to Treat Parasitic Infections

This chapter deals exclusively with the pharmacologic properties of
the agents used to treat infections due to parasites. Information on
these agents’ major toxicities, spectrum of activity, and safety for use
during pregnancy and lactation is presented in Chap. 201.

Chapter e18 # Atlas of Blood Smears of Malaria
and Babesiosis

This chapter provides both thin and thick blood films for Plasmodium
falciparum, P. vivax, P. ovale, and P. malariae. The thick film allows de-
tection of densities as low as 50 parasites per microliter, with great sen-
sitivity; the thin film is better for speciation and provides useful
prognostic information in severe falciparum malaria. One thin blood
film showing trophozoites of Babesia is included.

Chapter e19 @ Atlas of Electrocardiography

This chapter shows electrocardiograms to supplement those used in
Chap. 221. The interpretations emphasize findings of specific teaching
value.

Chapter e20 #) Atlas of Noninvasive Cardiac Imaging
This chapter provides “real-time” image clips, as they are viewed in
clinical practice, as well as additional static images. Noninvasive cardi-
ac imaging is essential to the diagnosis and management of patients
with known or suspected cardiovascular disease. This atlas supple-
ments Chap. 222, which describes the principles and clinical applica-
tions of these important techniques.

Chapter e21 # Atlas of Cardiac Arrhythmias

This chapter shows electrocardiograms to supplement those used in
Chaps. 225 and 226. The interpretations emphasize findings of specific
teaching value.

Chapter e22 @ Atlas of Atherosclerosis

The atlas consists of six videos that highlight some of the current un-
derstanding of atherosclerosis. Topics include pulse pressure, plaque
instability, rudiments of the clinically important lipoproteins, forma-
tion and complications of atherosclerotic plaques, mechanisms of
atherogenesis, and metabolic derangements that underlie the metabol-
ic syndrome.

Chapter e23 @) Atlas of Percutaneous
Revascularization

The atlas presents seven case studies ranging from cardiogenic shock
with left main coronary artery obstruction to percutaneous aortic



valve replacement. The cases are illustrated by a selection of electro-
cardiograms, videos of angiograms, graphs, and CT scans, providing a
good teaching tool.

Chapter e24 # Atlas of Chest Imaging

The atlas is a collection of chest x-rays and CT scans illustrative of spe-
cific major findings, which are categorized by those of volume loss,
loss of parenchyma, interstitial processes, alveolar processes, bron-
chiectasis, pleural abnormalities, nodules and masses, and pulmonary
vascular abnormalities.

Chapter e25 # Video Atlas of
Gastrointestinal Endoscopy

This atlas demonstrates endoscopic findings in a variety of infectious,
inflammatory, vascular, and neoplastic conditions. The premalignant
conditions of Barrett’s esophagus and colonic polyps are also illustrat-
ed. At the end of the chapter are several video clips demonstrating en-
doscopic treatment modalities for gastrointestinal bleeding, polyps,
and biliary stones.

Chapter e26 #p Atlas of Liver Biopsies

The atlas gives examples of common morphologic features of acute
and chronic liver disorders—some involving the lobular areas and
others the portal tracts. Liver biopsy is thought to represent the “gold
standard” for assessing the degree of liver injury and fibrosis. Other
important histologic features include those found in hepatic steatosis,
injury of bile ducts in the portal tract, plasma cell infiltration, and por-
tal inflammation affecting portal veins.

Chapter e27 # Primary Immunodeficiencies
Associated with or Secondary to
Other Diseases

The tables in this chapter add to the information given in Chap. 310 by
listing (1) the primary immunodeficiencies associated with or second-
ary to other conditions, and (2) the genes or genetic loci associated
with primary immunodeficiencies.

Chapter e28 # Atlas of Clinical Imaging
in the Vasculitic Diseases

The atlas enhances the information given in Chap. 319 by images illus-
trating features associated with vasculitic syndromes such as Wegener’s
granulomatosis, Churg-Strauss syndrome, polyarteritis nodosa, and
giant cell and Takayasu’s arteritis. The images have been made using
mainly CT scans and arteriograms.

Chapter e29 # Atlas of Clinical Manifestations
of Metabolic Diseases

The atlas provides a visual survey of selected metabolic disorders,
which can be used to facilitate learning and thereby enhance the recog-
nition and care of patients with these disorders. The study of metabol-
ic diseases has been invaluable for advancing understanding of human
genetics, leading to novel approaches to therapy such as screening
programs, blood and organ transplantation, gene therapy, and enzyme
replacement.

Chapter e30 # Atlas of Neuroimaging

This atlas comprises 29 cases to assist the clinician caring for patients
with neurologic symptoms. The majority of the images are MRIs; oth-
er techniques used are MR and conventional angiography and CT
scans. Many neurologic diseases are illustrated, such as tuberculosis of
the central nervous system (CNS), neurosyphilis, CNS aspergillosis,
neurosarcoid, middle cerebral artery stenosis, CNS vasculitis, Hun-
tington’s disease, and acute transverse myelitis.

Chapter e31 # Electrodiagnostic Studies of
Nervous System Disorders:
EEG, Evoked Potentials, EMG

This chapter covers the two main techniques for electrodiagnosis of
neurologic symptoms: the electroencephalogram (EEG) and the elec-
tromyogram (EMG). Evoked potentials (sensory, cognitive, and mo-
tor) are also covered. The EEG is most useful in evaluating patients
with suspected epilepsy but is also helpful in assessing coma and as a
noninvasive screening tool for focal structural abnormalities of the
brain. EMG enables disorders of the motor units to be detected and
characterized as neurogenic or myopathic, and the findings may pro-
vide a guide to the severity of an acute nerve disorder or, in chronic or
degenerative disorders, whether the process is active or progressive—
important for prognosis. Nerve conduction studies, which comple-
ment the EMG, are also covered.

Chapter e32 # Technique of Lumbar Puncture

This chapter covers the procedure of lumbar puncture (LP) in detail
(with illustrations), from indications for imaging and laboratory stud-
ies prior to LP, analgesia, positioning, and the procedure itself (in-
cluding dealing with complications that may arise during LP). Also
included is a section on the main complication of LP—the post-LP
headache—and its causes and therapy and strategies to avoid it.

Chapter e33 # Special Issues in Inpatient
Neurologic Consultation

This chapter provides coverage of neurologic diseases and syndromes
that are common reasons for inpatient consultation but that are not
covered elsewhere in the text. Detailed here are central nervous system
dysfunction (hyperperfusion states, post—cardiac bypass brain injury,
and post—solid organ transplant injury); common neurologic compli-
cations of electrolyte disturbances (hyper- and hyponatremia, hyper-
osmolality, hypo- and hyperkalemia, and disturbances of calcium and
magnesium); and peripheral nervous system dysfunction (including
entrapment and obstetric neuropathies).

Chapter e34 #p Heavy Metal Poisoning

This chapter provides specific information about the four main heavy
metals that pose a significant threat to health via occupational and en-
vironmental exposures: lead, mercury, arsenic, and cadmium. A table
clearly details the main sources, metabolism, toxic effects produced,
diagnosis, and appropriate therapy for poisoning from these metals.
Other metals covered, though not in the table, are copper, selenium,
aluminum, chromium, manganese, and thallium.

Chapter e35 # Poisoning and Drug Overdosage

This chapter provides comprehensive coverage of the dose-related ad-
verse effects following exposure to chemicals, drugs, or other xenobi-
otics. The section on diagnosis gives thorough coverage of the physical
examination, laboratory assessment, electrocardiographic and radio-
logic studies, and toxicologic analysis. The treatment section gives de-
tailed coverage of the general principles of care, supportive care,
prevention of poison absorption, enhancement of poison elimination,
administration of antidotes, and prevention of reexposure. Pathophys-
iologic features and treatment of specific toxic syndromes and poison-
ings are presented in tabular form.

Chapter e36 # Pulmonary Biomarkers in COPD

There has been increasing interest in using pulmonary biomarkers to
understand and monitor the inflammation in the respiratory tracts
of patients with COPD. A biomarker refers to any molecule or mate-
rial (e.g., cells and tissue) that reflects the disease process. This chap-
ter covers topics on bronchial biopsies, bronchoalveolar lavage, and
sputum, among others.
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in Diagnosis and Management

Chagasic cardiomyopathy is the major complication resulting from in-
fection by Trypanosoma cruzi. This infection is related to the close
proximity between humans and triatomines carrying T. cruzi. This
chapter discusses laboratory diagnosis and both etiologic and comple-
mentary treatments for the disease.

Chapter e38 € The Polypill

Several risk factors contribute to causing atherosclerotic coronary ar-
tery disease, and some of these can be reduced by a variety of drugs.
This chapter discusses the advantages and disadvantages of combining
these drugs into one pill, the so-called polypill. The advantages in-
clude convenience of delivery, inclusion of all drugs thought to be es-
sential for prevention, low cost, and possible enhanced compliance;
disadvantages include possible overtreatment of low-risk patients, un-
dertreatment of high-risk patients, and side effects from one or more
components.

The authors emphasize that the role of a polypill in secondary and
high-risk prevention is still speculative, and more trials need to be car-
ried out. The polypill’s greatest risk appears to be that both patients
and physicians may give up on eliminating smoking and modifying
sedentary lifestyles and unhealthy diets—tried and true risk-modifica-
tion techniques.

Chapter e39 ) Mitochondrial DNA and
Heritable Traits and Diseases

The structure and function of mitochondrial DNA (mtDNA) are dis-
cussed in depth in this chapter, which includes the proposition that
the total cumulative burden of somatic mtDNA mutations acquired
with age may contribute to aging and common age-related distur-
bances. Also included are an overview of the clinical and pathologic
features of human mtDNA diseases and their presentations (enhanced
by useful tables) and a discussion of the role of mtDNA mutations in
the metabolic syndrome, type 2 diabetes mellitus, and neurodegenera-
tive diseases in particular. Genetic counseling and treatment for
mtDNA diseases round out the discussion.
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