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SERIES PREFACE

tice is continuing medical education, a constant awareness of the cur-
rent medical literature, and a thirst for new knowledge.

To assist the student and practitioner in the review process, the
publisher and I have initiated a new approach in the publication of
Rypins’ Basic Sciences Review and Rypins’ Clinical Sciences Review.
Thus, when I assumed responsibility to edit this long-standing
board review series with the 13th edition of the textbook (first pub-
lished in 1931), it was with a feeling of great excitement. I per-
ceived that great changes would be coming to medicine, and I
believed that this would be one ideal means of not only facing
these changes head on but also for me personally to cope and keep
up with these changes. Over the subsequent editions, this confi-
dence was reassured and rewarded. The presentation for the updat-
ing of medical information was tremendously enhanced by the
substitution of new authors, as the former authority “standbys”
stepped down or retired from our faculty. Each of the authors who
continue to be selected for maintaining the character of our text-
book is an authority in his or her respective area and has had con-
siderable pedagogic and formal examination experience. One
dramatic recent example of the changes in author replacement just
came about with the 17th edition. When I invited Dr. Peter
Goldblatt to participate in the authorship of the pathology chapter
of the textbook, his answer was “what goes around, comes around.”
You see, Dr. Goldblatt’s father, Dr. Harry Goldblatt, a major con-
tributor to the history of hypertensive disease, was the first author
of the pathology chapter in 1931. What a satisfying experience for
me personally. Other less human changes in our format came with
the establishment of two soft cover volumes, the current basic and
clinical sciences review volumes, replacing the single volume text
of earlier years. Soon, a third supplementary volume concerned
with questions and answers for the basic science volume appeared.
Accompanying these more obvious changes was the constant
updating of the knowledge base of each of the chapters, and this
continues on into the present 17th edition.

And now we have introduced another major innovation in our
presentation of the basic and clinical sciences reviews. This
change is evidenced by the introduction of the Rypins’ Intensive
Reviews series, along with the 17th edition of Rypins’ Basic Sciences
Review, Rypins’ Clinical Sciences Review, and the Questions and
Answers third volume. These volumes are written to be used sepa-
rately from the parent textbook. Each not only contains the mate-
rial published in their respective chapters of the textbook, but is
considerably “fleshed out” in the discussions, tables, figures, and
questions and answers. Thus, the Rypins’ Intensive Reviews series
serves as an important supplement to the overall review process
and also provides a study guide for those already in practice, in
preparing for specific specialty board certification and recertifica-
tion examinations.
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INTRODUCTION

individual question is not immediately apparent, although it is
known by the National Board office. Therefore, if necessary, indi-
vidual subject grades can be extracted.

Step 1 is a two-day written test including questions in anatomy,
biochemistry, microbiology, pathology, pharmacology, physiology,
and the behavioral sciences. Each subject contributes to the exam-
ination a large number of questions designed to test not only
knowledge of the subject itself but also “the subtler qualities of dis-
crimination, judgment, and reasoning.” Questions in such fields as
molecular biology, cell biology, and genetics are included, as are
questions to test the “candidate’s recognition of the similarity or
dissimilarity of diseases, drugs, and physiologic, behavioral, or
pathologic processes.” Problems are presented in narrative, tabular,
or graphic form, followed by questions designed to assess the can-
didate’s knowledge and comprehension of the situation described.

Step 2 is also a two-day written test that includes questions in
internal medicine, obstetrics and gynecology, pediatrics, preventive
medicine and public health, psychiatry, and surgery. The questions,
like those in Step 1, cover a broad spectrum of knowledge in each
of the clinical fields. In addition to individual questions, clinical
problems are presented in the form of case histories, charts, roent-
genograms, photographs of gross and microscopic pathologic spec-
imens, laboratory data, and the like, and the candidate must answer
questions concerning the interpretation of the data presented and
their relation to the clinical problems. The questions are “designed
to explore the extent of the candidate’s knowledge of clinical situ-
ations, and to test his [or her] ability to bring information from
many different clinical and basic science areas to bear upon these
situations.”

The examinations of both Step 1 and Step 2 are scored as a
whole, certification being given on the basis of performance on the
entire part, without reference to disciplinary breakdown. The grade
for the examination is derived from the total number of questions
answered correctly, rather than from an average of the grades in the
component basic science or clinical science subjects. A candidate
who fails will be required to repeat the entire examination.
Nevertheless, as noted above, in spite of the interdisciplinary char-
acter of the examinations, all of the traditional disciplines are rep-
resented in the test, and separate grades for each subject can be
extracted and reported separately to students, to state examining
boards, or to those medical schools that request them for their own
educational and academic purposes.

This type of interdisciplinary examination and the method of
scoring the entire test as a unit have definite advantages, especially
in view of the changing curricula in medical schools. The former
type of rigid, almost standardized, curriculum, with its emphasis on
specific subjects and a specified number of hours in each, has been
replaced by a more liberal, open-ended curriculum, permitting
emphasis in one or more fields and corresponding deemphasis in
others. The result has been rather wide variations in the totality of
education in different medical schools. Thus, the scoring of these
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tests as a whole permits accommodation to this variability in the cur-
ricula of different schools. Within the total score, weakness in-one
subject that has received relatively little emphasis in a given school
may be balanced by strength in other subjects.

The rationale for this type of comprehensive examination as
replacement for the traditional department-oriented examination
in the basic sciences and the clinical sciences is given in the National
Board Examiner:

The student, as he [or she] confronts these examinations, must
abandon the idea of “thinking like a physiologist” in answering a
question labeled “physiology” or “thinking like a surgeon” in
answering a question labeled “surgery.” The one question may have
been written by a biochemist or a pharmacologist; the other ques-
tion may have been written by an internist or a pediatrician. The pat-
tern of these examinations will direct the student to thinking more
broadly of the basic sciences in Step 1 and to thinking of patients
and their problems in Step 2.

Until a few years ago, the Part I examination could not be taken
until the work of the second year in medical school had been com-
pleted, and the Part II test was given only to students who had com-
pleted the major part of the fourth year. Now students, if they feel they
are ready, may be admitted to any regularly scheduled Step 1 or Step
2 examination during any year of their medical course without pre-
requisite completion of specified courses or chronologic periods of
study. Thus, emphasis is placed on the acquisition of knowledge and
competence rather than the completion of predetermined periods.

Candidates are eligible for Step 3 after they have passed Steps 1
and 2, have received the M.D. degree from an approved medical
school in the United States or Canada, and subsequent to the receipt
of the M.D. degree, have served at least six months in an approved
hospital internship or residency. Under certain circumstances, con-
sideration may be given to other types of graduate training provided
they meet with the approval of the National Board. After passing the
Step 3 examination, candidates will receive their diplomas as of the
date of the satisfactory completion of an internship or residency pro-
gram. If candidates have completed the approved hospital training
prior to completion of Step 3, they will receive certification as of the
date of the successful completion of Step 3.

The Step 3 examination, as noted above, is an objective test of
general clinical competence. It occupies one full day and is divided
into two sections, the first of which is a multiple-choice examina-
tion that relates to the interpretation of clinical data presented pri-
marily in pictorial form, such as pictures of patients, gross and
microscopic lesions, electrocardiograms, charts, and graphs. The
second section, entitled Patient Management Problems, utilizes a
programmed-testing technique designed to measure the candi-
date’s clinical judgment in the management of patients. This tech-
nique simulates clinical situations in which the physician is faced
with the problems of patient management presented in a sequen-
tial programmed pattern. A set of four to six problems is related to
each of a series of patients. In the scoring of this section, candi-
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dates are given credit for correct choices; they are penalized for
errors of commission (selection of procedures that are unneces-
sary or are contraindicated) and for errors of omission (failure to
select indicated procedures).

All parts of the USMLE are given in many centers, usually in
medical schools, in nearly every large city in the United States as well
as in a few cities in Canada, Puerto Rico, and the Canal Zone. In
some cities, such as New York, Chicago, and Baltimore, the exami-
nation may be given in more than one center.

The examinations of the National Board have become recog-
nized as the most comprehensive test of knowledge of the medical
sciences and their clinical application produced in this country.

THE NATIONAL BOARD OF MEDICAL EXAMINERS

For years the National Board examinations have served as an index
of the medical education of the period and have strongly influenced
higher educational standards in each of the medical sciences. The
Diploma of the National Board is accepted by 47 state licensing
authorities, the District of Columbia, and the Commonwealth of
Puerto Rico in lieu of the examination usually required for licensure
and is recognized in the American Medical Directory by the letters
DNB following the name of the physician holding National Board
certification.

The National Board of Medical Examiners has been a leader in
developing new and more reliable techniques of testing, not only for
knowledge in all medical fields but also for clinical competence and
fitness to practice. In recent years, too, a number of medical schools,
several specialty certifying boards, professional medical societies
organized to encourage their members to keep abreast of progress
in medicine, and other professional qualifying agencies have called
upon the National Board’s professional staff for advice or for the
actual preparation of tests to be employed in evaluating medical
knowledge, effectiveness of teaching, and professional competence
in certain medical fields. In all cases, advantage has been taken of
the validity and effectiveness of the objective, multiple-choice type
of examination, a technique the National Board has played an
important role in bringing to its present state of perfection and dis-
criminatory effectiveness.

Objective examinations permit a large number of questions to
be asked, and approximately 150 to 180 questions can be answered
in a 2%hour period. Because the answer sheets are scored by
machine, the grading can be accomplished rapidly, accurately, and
impartially. It is completely unbiased and based on percentile rank-
ing. Of long-range significance is the facility with which the total test
and individual questions can be subjected to thorough and rapid
statistical analyses, thus providing a sound basis for comparative
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studies of medical school teaching and for continuing improvement
in the quality of the test itself.

xvii

QUESTIONS

Over the years, many different forms of objective questions have
been devised to test not only medical knowledge but also those sub-
tler qualities of discrimination, judgment, and reasoning. Certain
types of questions may test an individual’s recognition of the simi-
larity or dissimilarity of diseases, drugs, and physiologic or patho-
logic processes. Other questions test judgment as to cause and effect
or the lack of causal relationships. Case histories or patient prob-
lems are used to simulate the experience of a physician confronted
with a diagnostic problem; a series of questions then tests the indi-
vidual’s understanding of related aspects of the case, such as signs
and symptoms, associated laboratory findings, treatment, complica-
tions, and prognosis. Case-history questions are set up purposely to
place emphasis on correct diagnosis within a context comparable
with the experience of actual practice.

It is apparent from recent certification and board examinations
that the examiners are devoting more attention in their construction
of questions to more practical means of testing basic and clinical
knowledge. This greater realism in testing relates to an increasingly
interdisciplinary approach toward fundamental material and to the
direct relevance accorded practical clinical problems. These more
recent approaches to questions have been incorporated into this
review series.

Of course, the new approaches to testing add to the difficulty
experienced by the student or physician preparing for board or cer-
tification examinations. With this in mind, the author of this review
is acutely aware not only of the interrelationships of fundamental
information within the basic science disciplines and their clinical
implications but also of the necessity to present this material clearly
and concisely despite its complexity. For this reason, the questions
are devised to test knowledge of specific material within the text and
identify areas for more intensive study, if necessary. Also, those
preparing for examinations must be aware of the interdisciplinary
nature of fundamental clinical material, the common multifactorial
characteristics of disease mechanisms, and the necessity to shift back
and forth from one discipline to another in order to appreciate the
less than clear-cut nature separating the pedagogic disciplines.

The different types of questions that may be used on examina-
tions include the completion-type question, in which the individual
must select one best answer among a number of possible choices,
most often five, although there may be three or four; the
completion-type question in the negative form, in which all but one
of the choices is correct and words such as except or least appear in
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the question; the true-false type of question, which tests an under-
standing of cause and effect in relationship to medicine; the mult-
ple true-false type, in which the question may have one, several, or
all correct choices; one matching-type question, which tests associa-
tion and relatedness and uses four choices, two of which use the
word, both or neither; another matching-type question that uses any-
where from three to twenty-six choices and may have more than one
correct answer; and, as noted above, the patientoriented question,
which is written around a case and may have several questions
included as a group or set.

Many of these question types may be used in course or practice
exams; however, at this time the most commonly used types of
questions on the USMLE exams are the completion-type question
(one best answer), the completion-type negative form, and the
multiple matching-type question, designating specifically how
many choices are correct. Often included within the questions are
graphic elements such as diagrams, charts, graphs, electrocardio-
grams, roentgenograms, or photomicrographs to elicit knowledge
of structure, function, the course of a clinical situation, or a statis-
tical tabulation. Questions then may be asked in relation to desig-
nated elements of the same. As noted above, case histories or
patient-oriented questions are more frequently used on these
examinations, requiring the individual to use more analytic abili-
ties and less memorization-type data.

For further detailed information concerning developments in
the evolution of the examination process for medical licensure (for
graduates of both U.S. and foreign medical schools), those inter-
ested should contact the National Board of Medical Examiners at
3750 Market Street, Philadelphia, PA 19104; telephone 215-590-
9500; or http://www.usmle.org.

In order for the candidate to maximize chances for passing these
examinations, a few common sense strategies or guidelines should
be kept in mind.

First, it is imperative to prepare thoroughly for the examination.
Know well the types of questions to be presented and the pedagogic
areas of particular weakness, and devote more preparatory study time
to these areas of weakness. Do not use too much time restudying areas
in which there is a feeling of great confidence and do not leave unex-
plored those areas in which there is less confidence. Finally, be well
rested before the test and, if possible, avoid traveling to the city of test-
ing that morning or late the evening before.

Second, know well the format of the examination and the
instructions before becoming immersed in the challenge at hand.
This information can be obtained from many published texts and
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Figure 1-1.

The response of organelles to acute cell injury. By electron microscopy, changes
are seen in the nucleus, mitochondria, lysosome, rough endoplasmic reticulum,
smooth endoplasmic reticulum, and cytoskeleton.

hydropic swelling of cells is marked by an increased influx of Na* and
H,O into the cell and efflux of K7, related to a dysfunction of the
Na'/K*-ATPase and inadequate supply of energy (adenosine triphos-
phate [ATP]). The swollen cell has a vacuolated cytoplasm and may
appear more pale or eosinophilic (pink) due to decreased basophilia
(bluish staining with hematoxylin that binds to DNA and RNA).

Morphologic Changes of Cellular Organelles

Hydropic swelling of the cell produces no obvious nuclear changes.
The cytoplasmic changes are reversible and are best seen with the
electron microscope (Fig. 1-1).

Mitochondria are double membrane-bound organelles that
serve as primary sources of energy. Their size is approximately at the
limits of resolution of light microscopy, but they are readily visual-
ized by electron microscopy. In acute cell injury, mitochondria swell.
Initially, ions such as Ca®" and Mg?*, which are stored in mitochon-
dria, leave the mitochondria and enter the cytoplasm. Adenosine
diphosphate (ADP) accumulates as electron transport is uncoupled
and ATP production is depressed. Lactic acid accumulates, and the
intracellular pH decreases. Progressive swelling of mitochondria
leads to widening of the spaces between the cristae, the inner and
outer membranes, and the rupture of the membranes. The mem-
branes of ruptured mitochondria calcify or are digested in lyso-
somes (autophagosomes). Mitochondrial injury impairs energy
production in the cell.

Rough endoplasmic reticulum (RER) is composed of cisterns lined
by membranes that are studded with ribosomes. Most proteins des-
tined for export from the cell are synthesized in the RER. Among the
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Forms of necrosis.

myocardial infarct caused by coronary artery obstruction. A second
example is renal cortical necrosis caused by mercury poisoning.

Liquefactive necrosis is seen in brain infarcts as a result of enzy-
matic breakdown and thermal dissolution of tissue components. The
central zone of the necrotic area becomes liquid and usually is lost dur-
ing processing for histologic examination. Liquefactive necrosis is also
found in localized suppurative inflammation (abscess) in which the tis-
sue is liquefied by the action of lytic enzymes released from leukocytes.

Fat necrosis is caused by enzymatic action of lipase on fat. Typi-
cally, it is found in association with acute pancreatitis, but sometimes
it is also found in areas of traumatic injury to fat. The action of lipases
leads to cleavage of triglycerides into glycerol and free fatty acids,
which react with calcium, forming calcium soaps. This process, called
saponification, leads to the formation of whitish specks in the necrotic
tissue. Histologically, these areas stain a faint blue and show relatively
little inflammation.

Caseous necrosis is a form of necrosis typically found in tuber-
culosis and some fungal diseases. Its name is derived from the
cheesy appearance of the necrotic tissue, which resembles the curds
that develop during the production of cheeses. Histologically, the
necrotic area consists of granular amorphous material. The outlines
of necrotic cells are not discernible as they are in coagulative necro-
sis. In tuberculosis, the areas of caseous necrosis are usually in the
center of granulomas and composed of epithelioid macrophages,
giant cells, and lymphocytes.

Fibrinoid necrosis is usually a histologic change seen in small
blood vessels affected by autoimmune diseases such as polyarteritis
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an increased number of leukocytes (more than the normal level) in
blood. In bacterial infections, most of the white blood cells are neu-
trophils (neutrophilia). Viral infections are typically accompanied by
lymphocytosis.

ESR is measured by allowing the blood drawn into a calibrated
tube to deposit a sediment over a period of 2 hours. Under normal
conditions, the proteins of the plasma do not allow efficient separa-
tion of red blood cells from the plasma. The blood of an ill patient
forms sediments fast because the plasma contains some proteins in
higher concentrations than normal and others in reduced amounts.
For example, acute inflammation is associated with reduced levels of
albumin in blood. Proteins that appear in higher concentrations in
inflammation are called acute phase reactants. This group of proteins
includes proteins such as C-reactive protein, ceruloplasmin, hapto-
globin, and fibrinogen.

Mediators of Inflammation

Mediators of inflammation can be classified as plasma derived or
cell derived. Plasma-derived mediators circulate in blood in an inac-
tive form and are activated by the injury or various stimuli that initi-
ate the inflammatory process. The most important plasma-derived
mediators are

* (Clotting factors, such as Hageman factor, thrombin, fibrinogen,
fibrin split products

¢ Anticoagulants and fibrinolytic agents, such as plasmin

¢ Complement proteins

¢ Kinins, such as bradykinin

Cell-derived mediators of inflammation include the following:

* Biogenic amines, such as histamine and serotonin, are released
from mast cells and platelets.

® Arachidonic acid derivatives, such as prostaglandins and
leukotrienes, are derived from lipids in the plasma membrane of
many inflammatory and tissue cells.

* Cytokines, such as interleukins, are derived from macrophages
and lymphocytes.

¢ Platelet-activating factor is a lipid-derived substance released
from a variety of cells. It activates platelets, as implied by its
name, and has many other functions.

® Nitric oxide is released from endothelial cells and macrophages.
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phagocytic. They also secrete numerous mediators of inflammation such
as interleukins, interferons, and TNF. Macrophages also form granulo-
mas in chronic inflammation. In granulomas, macrophages transform
into epithelioid cells and multinucleated giant cells.

Acute Inflammation

Acute inflammation begins with vascular changes involving arteri-
oles, capillaries, and venules. After transient constriction of arteri-
oles, dilatation ensues. It persists, causing active hyperemia of
inflamed tissue. This is followed by a decrease in the circulation (sta-
sis) due to increased permeability of capillaries and venules and con-
sequent increased viscosity of blood. Swelling of endothelial cells
reduces the caliber of venules, further contributing to stasis. Stasis
leads to rouleaux formation, whereby the red blood cells form
columns or aggregates. Simultaneously, margination of leukocytes
occurs along vessel walls. The mediators of inflammation released
from the endothelial cells, platelets, and inflammatory cells modify
the surface of leukocytes as well the endothelial cells, which are acti-
vated. In this process, the leukocyte and endothelial cells are stimu-
lated to express adhesive molecules on their surface. The interaction
of adhesion molecules and receptors, known as selectins and inte-
grins, leads to an adherence of leukocytes to endothelial cells.
Chemotactic factors from outside the blood vessels act as chemoat-
tractants and stimulate the PMNs to transmigrate from the vessel
toward the site of infection. Margination of PMNs, their adhesion to
the endothelium, emigration through the vessel wall, and active
movement toward the chemotactic stimulus are shown in Figure 2-1.

The neutrophils take up bacteria through a process called phago-
cytosis, which includes the numbered steps shown in Figure 2-2,
described as follows:

* Opsonization: Coating of bacteria with IgG and complement
(C3b) so they can be taken up by neutrophils. Uncoated bacte-
ria may be phagocytized, but less efficiently.

¢ Recognition and attachment: Leukocytes have receptors on
plasma membrane specific for Fc fragment of IgG and C3b,
enabling them to selectively recognize coated bacteria and
attach to them (opsonized bacteria).

® Ingestion: This is an energy-dependent process during which
pseudopods and invaginations of plasma membrane surround
bacteria, enclosing them in a phagocytic vacuole.

¢ Degranulation: Formation of phagolysosomes by fusion of
phagocytic vacuole with lysosomes.

¢ Bacterial Kkilling: This involves an oxygen-dependent mecha-
nism, which generates oxygen radicals and nitric oxide, and an
oxygen-independent mechanism, which is mediated by lysoso-
mal hydrolases and cationic proteins (defensins).

¢ Digestion: Bacteria are digested by lysosomal enzymes.
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Chronic Inflammation

Chronic inflammation may evolve from unresolved and persistent
acute inflammation. Furthermore, in some cases, the pathogen evokes
an immune response that perpetuates the inflammation. In either
case, the shortlived PMNs are replaced by macrophages, lymphocytes,
and plasma cells. Macrophages play a critical role because they can
phagocytize the pathogens and the cellular detritus, and they are also
capable of secreting numerous biologically active substances that mod-
ulate the reaction of other cells. Histologically, chronic inflammation
can occur in two basic forms: (1) as a nonspecific interstitial infiltrate
of lymphocytes, plasma cells, and macrophages; or (2) as a granuloma.
Most chronic inflammation occurs as nonspecific infiltrates.
Granulomas are microscopic aggregates of macrophages and
lymphocytes. Macrophages form intercellular contact and, because
of their epithelial-like appearance, are called epithelioid cells. Some
epithelioid cells fuse into multinucleated giant cells. Lymphocytes
can be intermixed with macrophages or form peripheral rings
around them. In some granulomas, such as tuberculosis or fungal
diseases, the central part undergoes caseous necrosis. In contrast to
these caseating granulomas, granulomas of sarcoidosis do not show
any necrosis and are called noncaseating granulomas. Granulomas
N elicited by particulate foreign bodies, usually phagocytized into the
cytoplasmic vacuoles of multinucleated giant cells, are called foreign
body granulomas. Granulomas of syphilis show central coagulation
necrosis surrounded by lymphocytes, macrophages, giant cells, and
plasma cells. These granulomas are called gummas (Fig. 2-3).

Macroscopic and microscopic features of inflammation depend on
the pathogen, severity and duration of injury, and anatomic site of
inflammation. Depending on the nature of the exudate (i.e., the
material that oozes out from the blood vessels during inflamma-
tion), several inflammatory reactions are recognized.

® Serous inflammation is characterized by a clear watery exudate
resembling normal serum. The best examples of serous inflam-
mation are blisters caused by burns or pleuritis that accompa-
nies viral or tuberculous pneumonia.

¢ Fibrinous inflammation is characterized by a thick exudate rich
in fibrin. Fibrinous pericarditis can be caused by rheumatic fever
or tuberculosis. The surfaces of the epicardium and pericardium
are covered with layers of sticky, yellow-white, stringy fibrin
formed through polymerization of extravasated fibrinogen. Fib-
rinogen is one of the largest molecules of plasma, and its appear-
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A Bleeding and clot formation

D Scarring

Figure 2-4.

Wound healing occurs in several phases. A: Bleeding and clot formation.

B: Inflammation. C: Granulation tissue formation. D: Scarring. E: Restructuring
of the scar.

In many respects, the outcome of inflammation resembles healing
of wounds. A clean surgical incision heals promptly (healing by pri-
mary intention), whereas large irregular wounds caused by trauma
take longer to heal and do not heal as readily (healing by secondary
intention).

Healing by primary intention occurs throughout several stages
(Fig. 2-4):

¢ Bleeding and clot formation in the wound: Blood oozes from the
damaged blood vessel into the interstitial spaces. A fibrin clot fills
the tissue defect and serves as a scaffold for the invading cells.

¢ Inflammation: The inflammatory cells from the blood phagocy-
tize the tissue debris and prepare the soil for the ingrowth of
blood vessels.

* Granulation tissue formation: The inflammatory cells, especially
the macrophages, secrete substances that promote the ingrowth
of blood vessel-forming cells (angioblasts) and fibroblasts. In the
early stages of wound healing, the fibroblasts acquire contractile
properties and are known as myofibroblasts. These cells mediate
the first contracture of the wound, which results in close apposi-
tion of wound margins. Granulation tissue, which is rich in
blood vessels, brings in additional macrophages and these in
turn stimulate additional proliferation of fibroblasts and
angioblasts (angiogenesis).

® Scarring: As the healing progresses, the granulation tissue
fibroblasts become the most dominant cells. These cells synthe-
size collagen, which accounts for the transformation of the gran-
ulation tissue into a collagenous scar.
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Antigen introduced into the body is taken up by macrophages or
other antigen-presenting cells, such as dendritic cells in lymph nodes
or Langerhans’ cells in the epidermis, and is passed to lymphocytes.
These lymphocytes are classified as thymus-primed T-lymphocytes or
bone marrow—derived B-lymphocytes. NK cells do not participate in
specific immune reactions.

THymphocytes are responsible for cell-mediated immunity. Early
during fetal life, T-cell precursors migrate from the bone marrow to
the thymus, where they acquire their functional and phenotypic char-
acteristics. Tlymphocytes reside in the thymus, paracortical regions of
lymph nodes, and periarteriolar sheaths of the spleen. In the circu-
lating blood, T cells account for 60% to 70% of all lymphocytes. Each
T-lymphocyte has a unique antigen-specific receptor (T-cell receptor,
or TCR). In approximately 95% of cells, the receptor consists of a
disulfide-linked heterodimer composed of a or B polypeptide chains.
Approximately 5% of cells have TCRs composed of y and 6 polypep-
tide chains. Each of the polypeptide chains has a variable antigen-
binding region and a constant region. TCR diversity is due to somatic
rearrangement of the genes that code for the o, B, v, or d chains. The
TCRs are noncovalently linked to a cluster of polypeptides, the clus-
ter designation (CD3) molecular complex, which is responsible for
the transduction of signals and activation of the lymphocyte after
antigen binding. Many other CD complexes are expressed on the
surface of T-lymphocytes. Of these, CD4 and CD8 are most important
because they allow lymphocytes to be sorted into two main subsets:
CD4* helper/inducer cells and CD8* cytotoxic/suppressor cells.

CD4"* cells regulate the functions of essentially all other cells par-
ticipating in the immune response, including other T cells, B cells,
macrophages, and NK cells. There are two functionally different
subpopulations of CD4" cells: T-helper 1 (T1) and T-helper 2
(Ty2) cells. Tyl cells synthesize and secrete interleukin 2 (IL-2),
and interferon-gamma (IN-y), which facilitate macrophage-depen-
dent immune responses such as delayed-type hypersensitivity and
the production of opsonizing antibodies. T2 cells synthesize and
secrete IL-4 and -5, which aid in the synthesis of other antibodies.
CD8* cells are cytotoxic, but also may secrete cytokines, which sup-
press the immune response.

It should be noted that CD4" cells recognize antigens presented
to them by antigen-presenting cells only in the context of class II
major histocompatibility (MHC) antigens, whereas CD8" cells rec-
ognize antigens in the context of class I MCH.

B-lymphocytes account for 10% to 20% of lymphocytes in the
peripheral blood. In addition, they are found in the follicles of
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Type II Hypersensitivity

Type II hypersensitivity is mediated by antibodies directed toward anti-
gens on cells or tissue components such as basement membranes. The
antigens may be endogenous or exogenous. Endogenous antigens are
formed from altered or damaged normal cell components, which
become autoantigenic due to some structural changes induced by chem-
icals or viruses or for unknown reasons. For example, in Goodpasture
syndrome, the globular portion of collagen type IV of the glomerular
basement membrane becomes autoantigenic, eliciting production of
membranolytic antibodies. Exogenous antigens such as blood group A
erythrocytes transfused into group B persons are attacked by anti-A ant-
bodies, and a hemolytic transfusion reaction occurs. Drugs absorbed
into red blood cells can also act as hapten antigens and evoke a
hemolytic reaction. Antibodies reacting with antigens on the surface of

‘the attacked cells form antigen-antibody complexes that activate com-
plement. Activation of the complement cascade leads to the formation

of cytotoxic complement fragments and complexes, the best known of
which is the membrane attack complex (see Table 3-1 and Fig. 3-1).

Complement-dependent cell lysis occurs in transfusion reac-
tions, erythroblastosis fetalis, autoimmune hemolytic anemia, agran-
ulocytosis, or thrombocytopenia. Lytic damage of the glomerular
basement membrane occurs, for example, in Goodpasture syn-
drome. Antibody-coated cells and especially parasites and tumor
cells can be destroyed without fixing complement. This antibody-
dependent cell-mediated cytotoxic reaction is mediated by NK cells.

In certain human diseases caused by type II hypersensitivity, there is
no cell destruction or tissue injury. Instead, there is antibody-mediated
cellular dysfunction. Antibodies directed against cell surface receptors
can alter cell function either by stimulation or inhibition. Antibodies
directed against acetylcholine receptors of muscle cells at the neuro-
muscular junctions interfere with the transmission of nerve impulses
and cause muscular weakness in myasthenia gravis. Graves disease is
caused by antibodies to thyroid-stimulating hormone receptor, which
binds to the surface of thyroid cells, stimulating thyroid hormone pro-
duction and causing hyperthyroidism.

Type III Hypersensitivity

Type III hypersensitivity (immune complex mediated) is mediated
by antigen-antibody complexes that produce tissue damage by acti-
vating a number of mediators, especially the complement system.
Antigens may be exogenous, including foreign proteins, viruses, and
bacteria, or endogenous, such as cell or tissue components (see
Table 3-1 and Fig. 3-1).

Type III hypersensitivity has three phases: (1) the formation of
the immune complexes; (2) deposition of the complexes in tissues;
and (3) initiation of an inflammatory reaction. Immune complexes
are typically deposited in the wall of blood vessels (e.g., arteries in
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ient lymphocytes contact donor HLA antigens. The CD4*helper lym-
phocytes recognize class II MHC molecules and are activated. Con-
comitantly, precursors of CD8* cytotoxic lymphocytes, having
receptors for class  MHC molecules on their surface, differentiate into
mature cytotoxic lymphocytes. CD8" lymphocytes lyse the grafted tis-
sue, directly destroying the graft. CD4" lymphocytes secrete cytokines,
the most important being IL-2 and IFN-y. IL-2 acts on the CD4" lym-
phocytes, amplifying the reaction and stimulating the lymphocytes to
secrete other interleukins, which, together with IL-2, activate B-
lymphocytes and stimulate antibody production from newly formed
plasma cells. IFN-y acts on macrophages and grafted cells, stimulating
them to express more MHC antigens, and thus rendering them more
susceptible to the action of cytotoxic T-lymphocytes.

Graft Rejection

Graft rejection, as illustrated in the rejection of transplanted kid-
neys, can be classified as hyperacute, acute, and chronic.

Hyperacute rejection occurs when preformed antibodies
against the donor are present in the recipient’s circulation, such as
in a recipient who has already rejected a kidney transplant or
received prior blood transfusions from donors. This reaction may
occur in multiparous women who have been sensitized to sperm or
fetal antigens and have anti-HLA antibodies against grafts from
their husbands or children. The rejection occurs immediately, that
is, during the transplantation procedure. Antibodies rapidly
deposit in the graft’s vascular endothelium, fix complement, and
cause endothelial cell injury. The kidney becomes cyanotic and
mottled. Histologically, there are neutrophils in arterioles,
glomerular capillaries, and peritubular capillaries, due to antigen-
antibody complex and complement deposition. Thrombosis
ensues, leading to cortical infarction.

Acute rejection may occur within days of the transplantation or
months to years later, typically after immunosuppression treatment
is terminated or the patient does not respond to it. Acute cellular
rejection is characterized by interstitial infiltrates of mononuclear
cells, primarily lymphocytes, causing tubular destruction. Vasculitis
evidenced as infiltrates of lymphocytes in the subendothelial layers
of the arteries is an ominous finding and carries a poor prognosis,
because such necrotizing vasculitis with infiltration by neutrophils
and the deposition of immunoglobulins, complement, and fibrin
may cause thrombosis and lead to cortical infarction.

Chronic rejection is recognized by progressive loss of renal func-
tions and elevation of creatinine levels over a period of 4 to 6
months. Histologically, there is intimal fibrosis primarily in the corti-
cal arteries, leading to ischemia. There is also a mononuclear infil-
trate in the interstitium. Progressive destruction of tubules occurs, in
part, due to ischemia caused by narrowing of blood vessels and, in
part, because of direct cytotoxic effect of lymphocytes on tubule cells.
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contain infiltrates of CD4* lymphocytes. Most patients have auto-
antibodies (see Table 3-3).

Two forms of the disease are recognized clinically: diffuse scle-
roderma, in which initial skin manifestations occur early in the dis-
ease, accompanied by symptoms referring to internal organs; and
localized scleroderma, which has localized skin involvement ini-
tially and spreads to the viscera much later. The systemic form pre-
sents with skin lesions and a variety of lesions of the internal organs.
Lesions of the kidney, gastrointestinal tract, and lung are found in
50% to 60% of patients. Most patients also have joint disease simi-
lar to rheumatoid arthritis but less debilitating. Pulmonary fibrosis
and sclerosing esophagitis may be present. Myocarditis and peri-
carditis are found in approximately 30% of patients. The localized
form of the disease is known as CREST syndrome, which stands for
calcinosis, Raynaud phenomenon, esophageal dysmotility, sclero-
dactyly, and telangiectasia.

Systemic sclerosis affects mostly women in the 50- to 60-year-old
age group. Skin atrophy and Raynaud phenomenon are often the
presenting signs, often followed by esophageal dysmotility. Abdomi-
nal pain, dyspnea, signs referable to the kidney (e.g., mild protein-
uria), and hypertension may be present. Serologic test results such
as ANA are usually positive. Antibodies to DNA topoisomerase I and
centromere are found almost exclusively in patients with systemic
sclerosis and are diagnostic of this disease.

Dermatomyositis presents as an autoimmune skin and muscle
disease. Either girls and young women or adults of both sexes are
affected. In girls, it appears as a scaling rash, described as lilac or
heliotrope discoloration on the eyelids accompanied by periorbital
edema. Muscle weakness initially affects proximal limb muscles.
Fine movements of fingers and toes are affected later. In adults, der-
matomyositis is often a paraneoplastic syndrome; resection of the
malignant tumor may alleviate the symptoms.

Polymyositis is clinically similar to dermatomyositis, but it
does not involve the skin. Myofibers are directly injured by CD8*
T-lymphocytes. It is a disease of adults and, like dermatomyositis
of girls and young women, it usually responds well to corticos-
teroid treatment.

The diagnosis of all forms of inflammatory myositis is based on
clinical signs, electromyography results, and elevations of muscle-
related enzyme levels such as creatine kinase in serum and muscle
biopsy. Approximately 50% of all patients have ANA. Autoantibod-
ies to histidyl-tRNA synthetase (anti-Jo-1) are typical of inflammatory
myopathies but are found only in 25% of patients.

Mixed connective tissue disease is characterized by concomitant
clinical features of SLE, polymyositis, and systemic sclerosis. Clinical
findings include fever, leukopenia, anemia, arthritis, swelling of the
hands, Raynaud phenomenon, and abnormal esophageal motility.
Whether mixed connective tissue disease is a distinct disease or a dif-
ferent manifestation of SLE and systemic sclerosis is debatable.
Despite the obvious similarities, it is considered by some authorities
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containing IgA into such persons may promote a severe transfusion
reaction and generalized anaphylaxis.

Common variable immunodeficiency is a relatively common,
congenital, or acquired defect of both B and T cells. It affects both
genders equally and presents clinically either in childhood and ado-
lescence or adulthood. Thus, common variable immunodeficiency
is not a single disease but represents a group of disorders, all of
which are characterized by hypogammaglobulinemia, most often
affecting all classes of antibody and sometimes only IgG. These
patients have normal numbers of lymphocytes in the blood, which
cannot differentiate into plasma cells. Some patients have increased
numbers of suppressor T-lymphocytes, which inhibit antibody pro-
duction. Histologically, the B-cell regions in lymphoid tissue appear
hypercellular. Clinically, recurrent bacterial infections are common,
and patients also suffer from viral diseases (e.g., viral enteritis, her-
pes zoster) and cannot combat parasitic infection (e.g., Giardia lam-
blia). These patients are at risk of developing autoimmune diseases
and lymphoid malignancies.

DiGeorge syndrome results from the developmental failure of
the third and fourth pharyngeal pouches, the primordia of the thy-
mus, and parathyroid glands. Because the thymus never develops or
is hypoplastic, a deficiency of T-lymphocytes and cell-mediated
immunity ensues. In addition, tetany results from aplasia of parathy-
roid glands. Histologically, the thymic-dependent regions of the lym-
phoid organs are depleted. B-cell dependent regions are normal, as
are serum immunoglobulin levels. Clinically, these patients are sus-
ceptible to viral and fungal infections. Thymic transplantation can
restore cell-mediated immunity.

Severe combined immunodeficiency diseases are a group of disor-
ders characterized by T- and B-lymphocyte deficiencies. The diseases
occur in X-linked and autosomal recessive forms. Approximately 40%
of those with autosomal recessive patterns lack adenosine deaminase,
an enzyme involved in the degradation of purine nucleotides. Defi-
ciency of adenosine deaminase leads to accumulation of deoxyadeno-
sine and its derivatives, which are toxic to immature lymphocytes,
particularly T cells. Autosomal recessive inheritance is also responsible
for creating defects in T-cell activation. A significant number of X-
linked forms produce mutations in a protein that is part of the recep-
tor for cytokines, such as IL-2, I14, and IL-7. Without this protein,
cytokine receptors do not function, and lymphocyte development is
impaired. Histologically, in all forms of severe combined immunodefi-
cency diseases, the thymus is small and lymphoid cells are depleted. In
all cases, peripheral lymphoid tissues are hypoplastic and depleted of
T cells, B cells, or both. Immunoglobulins are absent. Clinically, infants
suffer from recurrent bacterial, viral, fungal, and protozoal infections;
unless a successful bone marrow transplantation is performed, these
children die in early childhood.

Immunodeficiency with thrombocytopenia and eczema (Wiskott-
Aldrich syndrome) is an X-linked recessive disease characterized by
depletion of circulating T-lymphocytes and those in the thymic-
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Tumor cells form progressively growing masses. The most important
reasons for such uncontrolled growth are as follows:

®* Tumor cells are “immortal.” If explanted in vitro, tumor cells
grow continuously; when they reach the margins of the plastic
dish, they grow over each other. In contrast, normal cells show
“contact inhibition” and stop growing. Tumor cells then can be
replated into other dish and grown for an indefinite number of
generations. Normal cells, however, have a limited life span and
can be grown in vitro only for a limited number of generations:
Most human cells die after 50 passages.

¢ Tumor cells need fewer nutrients than normal cells. Tumor cells
have a simplified metabolism and can survive with fewer nutri-
ents and less oxygen than normal cells. They are more adaptable
and can generate energy for their own needs more efficiently
than normal cells. Tumor cells rely more on anaerobic metabo-
lism than normal cells and tolerate anoxia better. On the other
hand, tumors are very efficient at competing for normal nutri-
ents and actually act as parasites, draining energy from the body.

® Tumors can induce angiogenesis (i.e., new blood formation)
and thus assure their own blood supply.

¢ Tumor cells are often invasive and can grow toward the sources
of energy, whereas normal cells are static and passively depend
on energy supply.

®* Tumor cells are motile and less cohesive than normal cells.
Tumor cells can dissociate from each other more easily than nor-
mal cells. Thus, they can be entirely surrounded by interstitial
fluid containing nutrients. In culture, they are less substrate
dependent and can grow in suspension or in soft agar, where
normal cells cannot survive.

Metastasis

The spread of tumor cells from their place of origin to another site
that is anatomically distinct from it is called metastasis. Metastasis is
the most reliable sign of malignancy of a tumor.

Metastasis is a stepwise process that begins with the appearance
of a clone of invasive cells and permeation of tumor by new blood
vessels. Local invasion is signaled by the breakdown of the basal lam-
ina beneath the normal epithelium in which the tumor arises. This
is mediated by enzymes (e.g., collagenases or proteases) and is fol-
lowed by extension of cells, processes through the digested matrix,
and migration of tumor cells. Thus, the tumor may invade adjacent
structures such as nerves, which may account for pain associated
with particular tumors. Tumor cells entering the lymphatics or
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blood vessels are carried away from the main tumor mass. Most of
these cells die, but some survive and attach to the wall of the vessels.
Because of their invasive properties, these cells invade through the
vessel wall and form a new colony. For the colony to survive, it must
induce its blood supply (neovascularization), which allows it to grow
and form metastatic nodules.

Three main routes of metastasis are recognized: hematogenous,
lymphatic, and direct seeding of body cavities. Thin-walled lym-
phatic vessels and blood capillaries are easily invaded by tumor cells,
which accounts for spreading by both the hematogenous and lym-
phatic routes. Thicker-walled vessels such as arteries are relatively
resistant to tumor invasion. Cartilage seems resistant to tumor inva-
sion, most likely due to its relatively avascular nature.

Certain tumors appear to spread preferentially either by the lym-
phatics or the bloodstream, but there are no universal rules. Sarco-
mas of bones and soft tissues are more likely to invade blood vessels
and metastasize hematogenously to the lungs. Carcinomas arising in
organs that have a rich lymphatic drainage (e.g., breast, intestine)
metastasize through the lymphatics. Liver and kidney tumors metas-
tasize through blood vessels because these organs have a much more
abundant blood supply than lymphatic flow. Ovarian carcinomas
metastasize by seeding the peritoneal cavity. —

Clinical, epidemiologic, and experimental studies performed dur-
ing the past 100 years have shown that cancer can be caused by
chemicals, physical agents such as x-rays or ultraviolet (UV) light,
and biological factors such as viruses and oncogenes. The most
important chemical carcinogens known to cause cancer in humans
are listed in Table 4-3. Unquestionably, polycyclic hydrocarbons in
cigarette smoke are the most harmful cancer-causing substance in
our environment.

The most important physical carcinogens are irradiation or UV
light. These agents may cause DNA damage, which, even if repaired,
may result in mutations that ultimately lead to cancer. The most
common radiation-induced cancers are leukemia and lymphoma
and thyroid carcinomas. UV light induces skin cancers such as basal
cell carcinoma, squamous cell carcinoma, and melanomas. Fair-
skinned individuals are at greater risk than those with pigmented
skin. Individuals who have xeroderma pigmentosum, an inborn
error of DNA repair, are extremely sensitive to sunlight and are
prone to develop UV-induced skin cancer at an early age.

Asbestos, an insulation material derived from fibrous silicates in
the soil, is another well-known human physical carcinogen. Pro-
longed exposure to asbestos particles in the air causes mesotheliomas
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tion, or by translocation to another site on the chromosome. These
gene translocations are usually associated with chromosomal changes
that can be seen by chromosome analysis (karyotyping) of tumor cells.

The best known human chromosomal change associated with
malignancy is the so-called Philadelphia chromosome, chromosome
21 with shortened long arms, part of which was translocated to chro-
mosome 9. This results in the formation of a hybrid c-abl-ber gene,
which plays a pathogenetic role in chronic myelogenous leukemia.
In Burkitt lymphoma, the translocation of the c-myc gene to the
vicinity of the immunoglobulin heavy chain gene leads to amplifica-
tion of this proto-oncogene. Specific chromosomal changes have
been identified in many other human neoplasms.

Human Tumor-Suppressor Genes

Normal human genomes contain numerous regulatory genes. Genes
that inhibit the formation of tumors are known as tumor-suppressor
genes. Loss of these genes or their inactivation could lead to tumor
formation. The best known tumor-suppressor gene is the retinoblas-
toma gene (Rb-1) located on chromosome 13. The deletion of Rb-1
on both chromosomes leads to formation of eye and bone tumors
(retinoblastoma and osteosarcoma). Many other tumor-suppressor
genes have been identified, such as NF-1 (deleted in neurofibro-
matosis) and WTI-1 (deleted in Wilms tumor).

Genetic predisposition to cancer plays an important role in the
pathogenesis of many human tumors. Genetic changes may make
the affected person more susceptible to carcinogens, as in xero-
derma pigmentosum. Hereditary chromosomal breakage syndromes,
such as Bloom syndrome and Fanconi syndrome, characterized by
increased fragility of chromosomes, also predispose to cancer. In
other instances, internal control of neoplastic proliferation is lost in
the familial form of retinoblastoma. The most important hereditary
diseases predisposed to cause cancer are listed in Table 4-4.
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TUMOR IMMUNOLOGY

Tumor cells, often recognized by the host’s immune system as for-
eign, may evoke a variety of immune reactions, which may to some
extent retard or inhibit tumor growth. These reactions involve T
cells, B cells, natural killer cells, and macrophages or neutrophils. In
most cases, the body’s defense most likely may eliminate early
nascent tumors, but it cannot prevent the tumor from expanding or
metastasizing. Immunosuppressed individuals also appear more
prone to develop neoplasms. For example, lymphomas and Kaposi
sarcoma are common complications of acquired immunodeficiency
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may live an almost normal life span. Almost all of those who die after
puberty show neuropathologic signs of Alzheimer disease, which
apparently develops at an accelerated rate in these individuals.

Most patients with Down syndrome (95%) have 47 chromo-
somes (47,XX +21 or 47,XY +21). The third chromosome, 21, in
most instances can be traced to abnormal meiotic division during
the maturation of the maternal germ cells in the ovary. Because
these meiotic abnormalities occur more often in older women, the
incidence of Down syndrome is increased in women who become
pregnant after the age of 35 years. Because of this increased inci-
dence of Down syndrome, prenatal diagnosis is offered routinely to
all pregnant women over the age of 35 years. In a small number of
cases (5%), Down syndrome is related to a robertsonian transloca-
tion of the long arm of chromosome 21 to another chromosome.
Such translocation may be already present in the otherwise normal
mother of these Down patients, and it can be transmitted to
patients’ offspring. Accordingly, the translocation form of Down syn-
drome can be hereditary.

All human genes located on autosomes occur in duplicates known as
alleles, which are classified as either dominant or recessive. A person
with two dominant or two recessive genes is called a homozygote,
whereas those who have one dominant and one recessive allele are
called heterozygotes. Some genes located on the X chromosome are
not present on the Y chromosome, which is much shorter. Thus, some
Xinked recessive genes, which are not expressed in heterozygote
female subjects, could act unopposed by another allele in male sub-
jects and are expressed in male subjects who have only one copy of
that gene. According to the laws of mendelian genetics, the diseases
inherited to abnormal alleles are classified as autosomal dominant or
recessive and sex-linked autosomal or recessive, depending on the
location of the abnormal allele and whether it is dominant or reces-
sive and present as unicate or in duplicate. Thousands of genetic dis-
orders grouped into these main categories have been identified, but
only the most important examples are discussed here. Sexlinked
dominant diseases are rare and are not mentioned either.

Autosomal Dominant Disorders

Autosomal dominant disorders are transmitted by a single gene that
is dominant in relationship to its allele. The gene is expressed fully
in heterozygotes and because it has a 50% chance of being found in
one of the gametes, it is transmitted to 50% of the sons or daughters
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lagen type I is mutated in EDS VII. Gene encoding lysyl oxidase is
mutated in EDS IX, and the gene for fibronectin is mutated in EDS X,

Achondroplasia is a defect of endochondral ossification, which is
essential for normal growth of long bones. The disease is linked to the
mutation of the gene encoding the receptor for the fibroblast growth
factor. Affected persons are dwarfed because they have short limbs. The
head and body, which are formed mostly by intramembranous ossifica-
tion, are disproportionately large in comparison with the arms and legs.

Hereditary spherocytosis is a hemolytic anemia due to an intra-
corpuscular defect of red blood cells (RBCs). It is caused by a muta-
tion of the gene for spectrin, a structural cytoskeletal protein of
RBCs. Because of a deficiency of spectrin, the RBCs assume a
rounded shape and are less pliable. These abnormal RBCs are
destroyed at an increased rate during their passage through the
spleen, which results in chronic hemolytic anemia.

Adult polycystic kidney disease is related to a gene on chromo-
some 16 whose function is not fully understood. The genetic defect
leads to progressive changes in renal tubules, which undergo cystic
dilatation and become afunctional. Renal failure develops in the
third or fourth decade of life.

Huntington disease is related to an expanded CAG trinucleotide
repeat on chromosome 4, encoding a gene whose function is not
known. The disease presents at midlife as progressive dementia asso-
ciated with chorea (involuntary movements) and affective outbursts.

Familial hypercholesterolemia is related to mutation of the
gene that encodes the cell surface receptor for the low-density
lipoprotein. Because low-density lipoprotein cannot be removed
efficiently from the circulation, hyperlipidemia results, leading to
accelerated atherosclerosis and deposition of cholesterol in tissues.
Cholesterol-laden macrophages form small yellow subcutaneous
nodules known as xanthomas.

Autosomal Recessive Disorders )

Autosomal recessive disorders are clinically evident only if both
alleles are present (i.e., the person is a homozygote). By definition,
both parents must be asymptomatic carriers of the abnormal allele.
Numerous diseases are classified as autosomal recessive disorders,
and many of the genes causing them have been identified. The
most important among these diseases are listed in Table 5-5.
Cystic fibrosis is the most common lethal autosomal recessive
disorder of humans, affecting 1 in 2,500 newborn white babies. The
disease was traced to the mutation of a gene on chromosome 7,
which encodes the cystic fibrosis transmembrane conductance reg-
ulator. The cystic fibrosis transmembrane conductance regulator
controls the transport of chloride across the cell membrane and is
essential for facilitating cellular secretion. Cystic fibrosis affects most
notably the pancreas and bronchial glands and the gastrointestinal
system. Viscous secretions accumulate in the lumen of these organs,
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Protein (diet)

l

Amino acids
Phenylalanine H Tyrosine H Melanin
1 | =+
Phenylpyruvic acid DOPA (3,4-dihydroxyphenylalanine)
Pheny! ketones Hemogentisic acid
+
CO, + H,0
Figure 5-3.

Metabolic diseases caused by abnormal metabolism of phenylalanine and tyro-
sine, including phenylketonuria, albinism, tyrosinemia, and alkaptonuria.

Duchenne muscular dystrophy is caused by a mutation or partial
deletion of a large gene that encodes a structural protein called dys-
trophin. Without dystrophin the muscle cells degenerate, and most
affected patients die by the age of 20 years due to respiratory insuffi-
ciency caused by changes in the diaphragm and thoracic muscles.
Hemophilias A and B are severe bleeding disorders caused by a defect
in the gene encoding the coagulation factors VIII and IX, respectively.
Fragile X syndrome is a form of mental deficiency related to a fragile
site on the X chromosome, which contains abnormally amplified
repeats of CGG nucleotide triplets. Patients have enlarged testicles. A
similar form of mental deficiency linked to fragile X chromosome syn-
drome also occurs in women, but at a lower rate.

Multifactorial Inheritance

In contrast to single gene disorders, which are inherited according
to the laws of mendelian genetics, most human diseases that have a
hereditary base are mediated by more than one gene and thus are
polygenic. Such polygenic diseases evolve at a different rate in dif-
ferent individuals and may be influenced by age, sex, race, and
social and environmental factors. These multifactorial diseases that
reflect the balance between nature and nurture include some of the
most prevalent human diseases, the most important of which are
listed in Table 5-8.
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Arteriole

Venule

Normal blood pressure = 40 mm Hg | Normal blood pressure = 10 mm Hg
— oncotic pressure = 25 mm Hg | — oncotic pressure = 25 mm Hg
Net pressure = 15 mm Hg Net pressure = —15 mm Hg
Figure 6-1.
Pathogenesis of edema. A: Increased hydrostatic pressure. B: Decreased oncotic
pressure. C: Increased permeability of the vessel wall. D: Lymphatic obstruction.

* Decreased osmotic pressure, as in end-stage liver disease (cirrho-
sis) or nephrotic syndrome. Osmotic pressure of the plasma,
which keeps the fluid from leaking into the interstitial spaces, is
primarily a function of albumin. Albumin is produced by the liver,
and if the liver is damaged, hypoalbuminemia develops. In
nephrotic syndrome, a kidney disease characterized by protein-
uria due to increased permeability of the glomerular basement
membranes, hypoalbuminemia develops because of excessive loss
of albumin in urine. In either case, hypoalbuminemia is accom-
panied by decreased plasma osmotic pressure, which allows the
fluid to leak into the interstitial spaces.

¢ Increased vascular permeability, as in inflammation, septic shock,
or anaphylactic shock. Inflammatory cells secrete numerous
cytokines and generate arachidonic acid derivatives, which may
increase the permeability of the blood vessel wall. Endotoxin pro-
duced by bacteria has the same effect. In anaphylactic shock, a form
of hypersensitivity reaction type I, the reaction of antigen with IgE
attached to mast cells causes a massive release of histamine, causing
vasodilatation and increased permeability of the blood vessels.

* Obstruction of lymphatics by tumors, fibrous tissue, or para-
sites. Lymphatics are the main drainage route for the interstitial
fluid and, if obstructed, edema may ensue distally to the obstruc-
tion. Breast cancer obstructing the lymph flow in the axilla
causes edema of the arm. Similar events account for the edema
of the arm due to fibrosis of the lymphatics caused by radiation.
Lymphatic obstruction in the groin by parasites such as filaria
causes marked edema of the legs known as elephantiasis.

In many cases, edema has more than one cause. For example,
the accumulation of fluid in the abdominal cavity of patients who
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THROMBOSIS |

Thrombus, or clot, is the solid aggregate of blood formed during coag-
ulation. Thrombus is essential for hemostasis and is normally formed to
prevent excessive bleeding. Thrombosis is considered to be pathologic

e If the thrombus forms under inappropriate circumstances (e.g.,
in intact blood vessels, as in varicose veins of the legs)

e If a large thrombus forms over some pathologically altered
blood vessel, as in an atherosclerotic aorta

¢ If the thrombosis occurs in an uncontrollable manner, as in dis-
seminated intravascular coagulation (DIC)

Causes of Thrombosis

The three most important causes of thrombosis, known as the Vir-
chow triad, are changes in the vessel wall, blood flow, and composi-
tion of blood.

Changes in the vessel wall can be found in the veins or arteries.
Endocardial changes of the cardiac chambers and valves should also
be included in this category. Venous diseases that predispose to
thrombosis are thrombophlebitis (inflammation of veins), chemi-
cals used to induce obliteration of veins (sclerotherapy), or trauma
injury resulting from catheters. Arterial thrombi occur most often
over ulcerated atherosclerotic lesions. Various forms of vasculitis
predispose to thrombosis. In polyarteritis nodosa, thrombi are in
the arteries. Buerger disease (thromboangiitis obliterans) is charac-
terized by formation of thrombi in both arteries and veins of extrem-
ities. Mural thrombi in the left ventricle are seen overlying
myocardial infarcts. Bacterial endocarditis can cause thrombi on
cardiac valves. Valvular vegetations of marantic endocarditis also
represent thrombi, which, in contrast to bacterial endocarditis, do
not contain bacteria (nonbacterial endocarditis).

Changes in blood flow that predispose to thrombosis are all charac-
terized by stasis or increased turbulence of the bloodstream. This typically
occurs in varicose veins, aneurysm of the aorta, and systemic or pul-
monary veins in congestive heart failure. Changes in blood composition
that predispose to thrombosis are often associated with hyperviscosity of
the blood, as in polycythemia or Waldenstrom macroglobulinemia. Sickle
cell anemia leads to formation of thrombi because the abnormal RBCs
tend to form clumps in small blood vessels. Pregnancy and oral contra-
ceptives increase the coagulability of the blood.

Formation and Fate of Thrombi

Thrombi typically form on internal surfaces of the blood vessels or
the heart. Under normal circumstances, the intact endothelium
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secretes prostacyclin and other substances that prevent coagulation.
Injured endothelium secretes thromboxane and procoagulants,
which have the opposite effect and could initiate the clotting
sequence by activating platelets or the coagulation cascade in the
plasma. Severe damage of the endothelium resulting in a loss of
endothelial cells exposes the plasma to connective tissue, which can
activate the extrinsic coagulation pathway. Blood that leaks from a
damaged vessel coagulates when in contact with the perivascular tis-
sue due to the action of tissue thromboplastin.

The first step in the formation of intravascular thrombi is platelet
aggregation. Aggregated platelets release coagulants, which activate
the coagulation cascade and form the fibrin thrombus. Fibrin, which
represents strands of polymerized fibrinogen, forms a mesh that
includes the platelets, RBCs, and white blood cells. Although fibrin is
colorless, the RBCs trapped in the mesh color the thrombus red. The
thrombus grows by attracting more fibrin, which forms layers alter-
nating with layers of RBCs (lines of Zahn). The thrombus is attached
to the vessel wall on one end, and on the other (“tail”) end, it floats
freely in the blood. Turbulence caused by the moving trail of the
thrambus promotes coagulation of the blood until the entire blood
vessel becomes occluded and the blood flow stops.

The fate of the thrombus depends on its location, size, and how
firmly it is attached to the vessel wall (Fig. 6-2). A small thrombus can
be lysed through the action of fibrinolytic enzymes in the blood such
as plasmin. Loosely attached thrombus or parts thereof can be carried
away as a thromboembolus. Ingrowth of granulation tissue into the
thrombus from the vessel wall leads to organization of the thrombus.
Such a thrombus ultimately can be recanalized, and the blood flow

- can be re-established through the previously occluded blood vessel.

Infarction

Occlusion of the blood vessel by particulate material, most often by
thrombi, causes ischemia and anoxic necrosis of the tissue distal to
the occlusion. This area of ischemic necrosis is called infarct, and
the process leading to it is called an infarction. Most infarcts are
caused by arterial thrombi or thromboemboli, but in some instances
they can also be due to obstruction of venous outflow. Infarcts can
also occur without occlusion of a vessel, typically when the perfusion
of an organ is inadequate due to heart failure or shock. Such
infarcts, known as watershed infarcts, typically occur in the brain
when the border zone between the perfusion territory of the basal
artery and carotid artery is not reached by blood in hypotensive
episodes after myocardial infarction.

Infarcts of organs such as the heart, kidney, or spleen, which
occur due to an occlusion of terminal arteries in their parenchyma,
are typically pale. On the other hand, infarcts of organs that have
dual circulation, such as the liver or the lungs, are red. In the lungs,
the occlusion of a branch of the pulmonary artery causes necrosis in









Circulatory Disturbances

Fat embolism is typically a complication of a fracture of the
long bones, wherein the medullary fat enters into the venous cir-
culation. Fat droplets are carried to the lungs and cause pul-
monary difficulties. These droplets can be filtered through the
lung circulation into the systemic arterial blood flow and reach var-
ious organs. The most important consequences of this event are
multiple petechial hemorrhages in the brain caused by the occlu-
sion of small cerebral blood vessels by fat. Air embolism can occur
if large amounts of atmospheric air enter the veins, such as during
an unintentional tear of a major vein during thoracic surgery. Air
can be injected into the venous blood by injection and is typically
used for euthanasia of dogs by veterinarians. During decompres-
sion of deep sea divers returning to the sea surface after diving, the
nitrogen normally present in the blood can form bubbles that may
occlude small blood vessels. Caisson disease, a decompression dis-
ease in people working under high pressure and returning to
atmospheric pressure, typically causes pain and even ischemic
microinfarcts in the bones (bends).

Amniotic fluid embolism occurs when the amniotic fluid enters
venous circulation from the pregnant uterus during the delivery.
The amniotic fluid contains fetal squames, vernix caseosa, and sev-
eral substances, all of which can act as tissue thromboplastin and ini-
tiate a fatal DIC.

Atheromatous emboli are cholesterol crystals that detach from
ulcerated atheromatous plaques in the aorta or major blood vessels
during various procedures such as radiologically guided endarterec-
tomy or cardiovascular surgery. Showers of cholesterol emboli may
completely occlude the branches of renal arteries or other organs
and cause infarcts.
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Shock is a form of generalized vascular collapse characterized by a
marked underfilling of vessels with blood (i.e., a disparity between
the volume of circulating blood and the vascular space it occupies).
Shock may be caused by heart failure (cardiogenic shock), blood loss
(hypovolemic shock), or loss of peripheral vascular tonus (vasogenic
or hypotonic shock). Whatever the cause of shock, the circulatory col-
lapse leads to hypoperfusion of tissues and the ensuing hypoxia
results in multiple organ failure. Foci of necrosis develop in all major
organs. Lung edema with formation of hyaline membranes, known
as adult respiratory distress syndrome; renal tubular necrosis; and cen-
trolobular necrosis of the liver develop at a predictable rate. Adult
respiratory distress syndrome has high mortality. Many patients also
develop brain edema with compression of vital centers, which may
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¢ Diet. A Western diet rich in lipids plays an important role in the
pathogenesis of atherosclerosis and explains in part the geographic
differences in the prevalence of the disease. A high-fat diet causes
hyperlipidemia. High levels of low-density lipoprotein and choles-
terol are poor prognostic findings. Obesity itself is a risk factor.

¢ Hypertension. High blood pressure plays an important role in
the pathogenesis of early vascular lesions of atherosclerosis, but
it also accelerates the course of the disease.

The pathogenesis of atherosclerosis has been studied clinically and
in experimental animals. According to the most prevalent theory,
dubbed the response-to-injury theory, the crucial initiating event that ulti-
mately leads to the formation of typical atherosclerotic lesions is the
injury to the endothelial cells. The injured endothelial cells lose their
barrier capacity, allowing the influx of various substances from the
plasma into the vessel wall. Loss of antithrombogenic functions of
endothelial cells is accompanied by attachment of platelets to the lumi-
nal surface. Growth factors such as platelet-derived growth factor or
fibroblast growth factor released from the platelets stimulate the prolif-
eration of smooth muscle cells, which grow into the intima of the artery
and become lipid laden. At the same time, macrophages enter the ves-
sel wall and take up the lipid, transforming it into foam cells. The lipid
released from dead and dying smooth muscle cells and macrophages
becomes oxidized and broken down. Cholesterol crystals and a mixture
of cell debris, altered collagen, and other intercellular matrix molecules
form a softened area in the vessel wall, known as atheroma.

Tissue damage heals by scarring, but it also elicits a lymphocytic
response. Lymphocytes are a major source of growth factors and
mediators that act on macrophages, smooth muscle cells, and
fibroblasts, perpetuating the pathologic process that ultimately
destroys all layers of the blood vessel. The fibrotic scar tissue and
lipidrich atheromas attract calcium salts and, accordingly, most
advanced atheromatous lesions are heavily calcified.

In accordance with the pathogenetic data, pathologic changes of
atherosclerosis can be classified as follows:

Early precursor lesions, such as fatty streaks and intimal thickening
* Atheromatous plaques, representing fully developed atheromas
surrounded by fibrous scars and calcifications
¢ Complications of atherosclerosis, including intimal ulcerations,
often covered with thrombi and infiltrated with blood. Weaken-
ing of the arterial wall may cause aneurysms (i.e., bulging of the
thinned vessel wall).

Clinical manifestations of atherosclerosis depend on the extent
of the lesions, their location, and the presence or absence of com-
plications. Atherosclerosis is most often generalized, involving all
major arteries. It may be localized, however, and involve only the fol-
lowing areas:

Heart vessels (coronary atherosclerosis)
* Aorta and its major branches
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Because the subendocardial portions of the heart are the last to
receive the blood from the coronary arteries, these areas become
ischemic first when the blood perfusion pressure decreases. How-
ever, most patients have severe atherosclerosis, which has already
contributed to a marginal blood supply of the myocardium, and
thus the hypotensive episode represents only the ultimate event, the
proverbial straw that broke the camel’s back.

Approximately 50% of transmural infarcts are found in the distrib-
ution of the left anterior descending branch of the left coronary artery,
which supplies the anterior wall of the left ventricle near the apex and
the anterior two-thirds of the interventricular septum (see Fig. 7-1).
Approximately 30% are found in the distribution of the right coronary
artery, which supplies the posterior wall of the left ventricle, the poste-
rior one-third of the interventricular septum, and, on some occasions,
the posterior right ventricular wall. The left circumflex coronary artery
is occluded in approximately 15% to 20% of cases, causing infarctions
in the lateral wall of the left ventricle. The right ventricle is rarely
infarcted (1% to 3%). Atrial infarction can be found in 5% to 10% of
cases, often in association with large posterior left ventricular infarcts.

Pathology varies, and the changes depend on the time that has
elapsed between occlusion and death. On gross examination of the
heart, the early changes of myocardial ischemia cannot be recognized
with confidence, although some infarcts appear as distinctly pale
areas 12 to 24 hours after the occlusion of the coronary. Necrotic
fibers can be recognized histologically during that period. At 24 to 30
hours, the infarcted area is infiltrated with neutrophils, which persist
for 1 to 3 days and are replaced with macrophages. During this inflam-
matory phase, the myocardium appears yellow and softer than nor-
mal. The influx of macrophages is followed by resorption of necrotic
muscle cells and formation of granulation tissue. Granulation tissue is
replaced by fibroblasts, which contribute to final healing by scarring,
usually within 6 weeks of coronary occlusion. Myocardial scars are
composed of collagen and appear as white patches.

Clinical diagnosis of myocardial infarction is based on the fol-
lowing factors:

* Symptoms, such as severe substernal or precordial pain that may
radiate to the left shoulder, arm, or jaw. In addition, there may
be sweating, vomiting, nausea, or dyspnea; symptoms of cardio-
genic shock are present in severe cases.

* ECG changes, manifested by early elevation of the ST segment,
inversion of the T wave, and new Q waves.

* Biochemical laboratory data, which include serum enzymes such
as creatine Kinase, aspartate aminotransferase, and lactate dehy-
drogenase, and new markers for myocardial infarct are proteins
such as troponin, myoglobin, or myosin, which are released into
serum from damaged cardiac myocytes.
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Chronic Ischemic Heart Disease

Chronic ischemic heart disease is found in patients with severe ath-
erosclerosis. It may present as gradually progressive myocardial
ischemia or as a series of repeated infarcts, resulting in myocardial
fibrosis. The patients are often but not always elderly and usually
have a history of angina or previous myocardial infarctions.

HYPERTENSIVE HEART DISEASE

Hypertensive heart disease, the second most common cause of heart
disease, is characterized by cardiac hypertrophy caused by an
increased demand imposed on the heart by systemic hypertension
(>140/90 mm Hg). Because the diagnosis is circumstantial, other
causes of left ventricular hypertrophy such as valvular disease or
hypertrophic cardiomyopathy must be excluded.

Systemic hypertension induces pressure overload in the left
ventricle, resulting in concentric hypertrophy of the ventricular
wall. This increases the ratio of the wall thickness to the radius of
the ventricular chamber and the weight of the heart. In addition,
the increased thickness of the wall imparts stiffness to the wall and
impairs ventricular filling during diastole. Microscopically, there
is enlargement of myocytes, accompanied by interstitial fibrosis.

Clinical features depend on the severity of the hypertension.
Patients may die of unrelated causes, develop ischemic heart disease
because of the potentiating effects of hypertension on coronary ath-
erosclerosis, or suffer progressive renal damage, cerebral vascular dis-
ease, or congestive heart failure. All patients with hypertrophic heart
are at danger from sudden cardiac death.

Cor Pulmonale

Right-sided hypertensive heart disease or cor pulmonale is right ven-
tricular enlargement resulting from pulmonary hypertension caused
by diseases of the lung, pulmonary vessels, disorders affecting chest
movement, or conditions causing arteriolar constriction. Back pres-
sure from the failing left ventricle also causes cor pulmonale.

Acute cor pulmonale refers to dilatation of the right ventricle
following massive pulmonary embolism. Chronic cor pulmonale is
right ventricular hypertrophy with late stage dilatation. Conditions

predisposing to the development of cor pulmonale are listed in
Table 7-2.









88

PATHOLOGY

and is closely related to disseminated intravascular coagulation. The
main disease usually overshadows symptoms attributable to endo-
cardial lesions, which are usually noticed only at autopsy. Fibrin
deposits such as this can become infected, whereon the nonbacter-
ial endocarditis becomes bacterial.

Endocarditis (Libman-Sacks disease) of systemic lupus ery-
thematosus (SLE) usually presents with small, sterile, fibrinous
vegetations on the ventricular surface of the mitral and tricuspid
valves.

Degenerative Valvular Disease

Calcific aortic valve stenosis is an age-related degeneration. The cal-
cified valves are rigid and nodular, and the orifice is stenosed. Cal-
cification of congenital bicuspid valves is yet another form of
valvular calcification and deformity. Rheumatic fever can also cause
valvular calcification, but it is rare today.

Mitral valve prolapse (floppy valve) is an idiopathic condition in
which one or both mitral leaflets balloon back into the left atrium
during systole. It is found in 5% to 10% of all adults in the United
States and is diagnosed as a midsystolic “click” in young persons who
are otherwise asymptomatic. Histologically, the fibrous layer of the
valve is thinned, and there is thickening of the spongiosus layer with
myxomatous changes of leaflets and chordae.

Carcinoid Heart Disease

Carcinoid heart disease is a term describing the changes in the heart
caused by bioactive substances released into the circulation from
carcinoid tumors that have metastasized to the liver. Serotonin,
kallikrein, bradykinin, neuropeptides, and other products of car-
cinoid tumor are normally metabolized in the liver. However, if the
intestinal carcinoid tumors have metastasized to the liver, its secre-
tory products are not neutralized in the liver and reach the right
side of the heart unmodified. In the right side of the heart, these
substances cause fibrous intimal thickenings of the endocardium
of the right ventricle or tricuspid and pulmonary valves. The bioac-
tive products are inactivated in the lungs; thus, left-sided heart
lesions are not observed.

Prosthetic Valves

Prosthetic valves used to replace damaged valves are made either of
metal and plastic or are animal tissues (e.g., pig heart valves). The
most frequent complications with the use of these valves include
thromboembolism, partial dehiscence, infective endocarditis, and
structural deterioration or dysfunction due to ingrowth of fibrous
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connective tissue, which may interfere with the function of the
valves. These valves may damage circulating blood cells and cause
mechanical intravascular hemolysis.

Rheumatic Fever

Rheumatic fever is a systemic disease thought to be caused by an
abnormal immune response to streptococci. It most often affects
children between the ages of 5 and 15 years. The diagnosis is made
using clinical and laboratory findings known as Jones criteria. These
criteria are divided into major and minor manifestations. Major cri-
teria include arthritis, carditis, chorea, subcutaneous nodules, and
erythema marginatum of the skin. Minor criteria include fever, ele-
vated erythrocyte sedimentation rate, leukocytosis, ECG changes,
and a history of a previous episode of rheumatic fever.

Diagnosis is made based on evidence of a preceding group A
streptococcal (B-hemolytic) infection and either two major manifesta-
tions or one major and two minor manifestations of the Jones criteria.

The pathogenesis of rheumatic fever is not clear, although all

patients have antistreptococcal antibodies. It is not known whether .

the tissue lesions are directly caused by such antibodies or some
other mechanism. Typical histologic lesions consist of central fibri-
noid necrosis surrounded by lymphocytes, macrophages, and histio-
cytes, which form so-called Aschoff bodies. Aschoff bodies destroy
normal tissues but heal, leaving behind foci of fibrosis.

Rheumatic heart disease is a pancarditis, which means that it
may present with endocarditis, myocarditis, or pericarditis. Verru-
cous endocarditis is most often on the mitral and aortic valves.
Valvular deformities are common and involve both the leaflets and
chordae tendineae. Deformed valves are prone to calcification or
infections. Myocarditis can involve any part of the heart and cause
myocardial or conductive system cell destruction. There is also
serofibrinous pericarditis, but it is usually mild.

Clinical features vary. Endocardial lesions cause murmurs and
valvular insufficiency. Myocarditis can cause arrhythmias such as
atrial fibrillation or cardiac failure. Pericarditis presents with a typical
friction murmur. In chronic stages of the disease, symptoms pertain-
ing to mitral or aortic valve stenosis or insufficiency predominate.
Mitral valve lesions lead to dilatation of the left atrium, pulmonary
congestion, and right ventricular hypertrophy. Stenotic aortic valve
lesions impede outflow of blood from the left ventricle. Aortic insuf-
ficiency causes regurgitation of blood from the aorta into the left ven-
tricle, which is usually hypertrophic and dilated.
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by blood can damage cardiac myocytes and cause inflammation.
Myocarditis may occur in the course of systemic autoimmune dis-
eases such as SLE or systemic sclerosis. Myocarditis caused by drug
hypersensitivity or sarcoidosis is also thought to be immune medi-
ated. All heart transplants contain infiltrates of host’s lymphocytes.
Giant cell myocarditis is a distinct histologic disease of unknown
origin. All forms of myocarditis are potentially lethal, and many
patients ultimately must receive heart transplantation.

Neoplasms of the heart are rare. The most common primary tumor of
the heart in adults is the myxoma, which, in approximately 90% of
cases, is located in the atria. However, it can be found in all four cham-
bers. The major clinical manifestation of this neoplasm is due to a
“ball-valve” obstruction of the mitral orifice and arterial embolization
to distant sites.

Rhabdomyoma is the most common heart tumor in infants and
children, although it is also considered a hamartoma. It forms nodu-
lar masses in the myocardium. Metastases to the heart are rare; the
most common are from carcinomas of the lung and breast,
melanomas, or leukemias and lymphomas.

Pericardial lesions are common complications of other heart dis-
eases or systemic diseases, but occasionally the pericardium is the
only site of the disease in the body.

Acute pericarditis is characterized by filling of the pericardial cav-
ity by an inflammatory exudate. It may be caused by viruses, pyogenic
bacteria, Mycobacterium tuberculosis, and fungi and other parasites.
Immune-mediated noninfectious pericarditis may be encountered in
rheumatic fever, SLE, and scleroderma. Finally, pericarditis is a com-
plication of myocardial infarction, uremia, heart surgery, trauma,
and radiation.

Constrictive pericarditis is characterized by dense fibrous con-
nective tissue that encases the heart, restricting diastolic expansion.
It is often idiopathic, but occasionally a history of suppurative or
caseous pericarditis is noted. In such cases, the pericardial sac is oblit-
erated; consequently, there is no hypertrophy and dilatation. Rather,
the cardiac output is reduced. Constrictive pericarditis is treated by
pericardiectomy (i.e., surgical removal of the fibrous tissue).
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centric proliferation of smooth muscle cells in arterioles with marked
narrowing of their lumen. Whatever the type of hypertension, arteries
show intimal fibrosis and accelerated atherosclerosis. Hypertension is
also a major risk factor for the formation of so-called dissecting
aneurysms of the aorta. In this condition, the blood penetrates through
asmall tear in the intima and, by separating the layers of the aorta, forms
a barrellike space in the vessel wall, which fills with blood. Dissecting
aneurysms are associated with high mortality due to exsanguination.

The clinical features of hypertension are highly variable.
Because hypertension accelerates atherosclerosis, many symptoms
are similar to those caused by atherosclerosis. The heart is enlarged,
typically showing left ventricular hypertrophy. Such hearts are prone
to failure. Cerebrovascular changes may be associated with nonspe-
cific symptoms such as headache and vertigo, which may progress to
a more advanced form of disease (hypertensive encephalopathy),
marked by blurring of the eyesight due to papilledema and even loss
of consciousness. Hypertensive hemorrhages into the basal ganglia,
pons, or cerebellum are found in severe untreated hypertension
and are clinically recognized as stroke. Eye changes are common in
prolonged untreated hypertension and are recognized on ophthal-
mologic examination by their typical retinal vascular changes.

Renal changes are seen in the arteries, arterioles, and glomeruli
and result in decreased glomerular filtration rate and retention of
fluids and sodium. Hypoperfusion of the kidneys may also increase
the production of renin, which aggravates the hypertension by stim-
ulating the production of aldosterone in the zona glomerulosa of
the adrenals.

Vasculitis

Vasculitis is a term used to describe several inflammatory diseases of
the blood vessels and includes several clinicopathologic entities, the
majority of which have an immune origin. The inflammation may
involve the aorta, large and medium-sized arteries, arterioles, capil-
laries, or venules and veins. Although several types of blood vessels
are involved, in many cases the predominant anatomic site of
inflammation is used as the primary criterion for the classification of
vasculitides (Table 7-6).

Polyarteritis nodosa involves medium- and small-sized arteries
that show fibrinoid necrosis and acute transmural inflammation,
leading to the formation of microaneurysms. It is considered to be
a clinical equivalent of an Arthus phenomenon (i.e., type III hyper-
sensitivity immune complex reaction). In a significant number of
cases, the immune complexes contain hepatitis B viral surface anti-
gen. The disease predominantly affects young adults and is charac-
terized by a progressive course. It may affect any of the major
organs, but in an unpredictable manner. Histologically, the vascular
changes vary, and it is typical to find acute and chronic lesions in the
same organ.
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Takayasu arteritis is a granulomatous disease of unknown origin
involving the aorta and its main branches. It has a predilection for
women who are younger than 40 years of age. Most often the disease
is most pronounced on the aortic arch, leading to ischemia of upper
extremities. Hence the synonym pulseless disease. Involvement of the
lower aorta and its branches may result in intermittent claudication
and ischemic necrosis of lower extremities. Coronary artery involve-
ment causes cardiac ischemia. Aortic aneurysms are yet another
complication. The course of the disease is variable.

Kawasaki disease (mucocutaneous lymph node syndrome) is a
multisystemic disease of unknown etiology, affecting infants and
small children. It presents with high fever, rash, oral and conjuncti-
val lesions, and lymphadenopathy. Acute vasculitis involving medium
and small coronary arteries has a usually self-limited course.

Thromboangiitis obliterans (Buerger disease) is an inflamma-
tory disease of medium-sized vessels of the lower extremities. Arter-
ies and adjacent veins become occluded by thrombi. It is almost
always found in young men who smoke tobacco. Vaso-occlusive
attacks usually begin with cramping pain in the legs, corresponding
to episodes of ischemia. Repeated attacks may result in gangrene.
The disease may subside if the patient stops smoking.

ANEURYSMS

Aneurysms are abnormal dilatations of blood vessels. They affect
mostly large elastic vessels such as the aorta and its major
branches. Aneurysms are classified by shape as fusiform, cylindri-
cal, saccular, or dissecting; however, etiologic classification is
more useful (Table 7-7).

Atherosclerotic Aneurysms

Atherosclerotic aneurysms are the most common form of
aneurysm. They occur most frequently in the abdominal aorta
above the iliac bifurcation and below the origin of the renal
arteries. They may be fusiform, cylindrical, or saccular. The iliac,
femoral, and popliteal vessels are also frequently involved. Ulcer-
ation of the endothelium and complicated atherosclerosis lead to
mural thrombosis. Rupture is frequent due to dissection behind
the clot and perforation of the weakened wall. Embolization
from the mural thrombus or atherosclerotic plaque is another
common complication.
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Mycotic Aneurysms

Mycotic aneurysms are related to bacterial infection and cause a
localized weakening of the arterial wall.. Typically, they occur after
an occlusion of a small artery by a septic thromboembolus and are
a common complication of bacterial endocarditis.

Berry Aneurysms

Berry aneurysms are congenital small saccular aneurysms of the
arteries at the base of the brain. They arise at weakened points of the
media at branching points in the circle of Willis. Berry aneurysms
are an important cause of intracranial hemorrhage.

DISEASES OF VEINS

Venous diseases are less incapacitating than arterial diseases. The most
important are dilatations of veins (varicosities) and venous thrombosis.
Varicose veins are seen most frequently in the lower extremities, par-
ticularly the calves. They develop due to chronic stagnation of blood in
people who stand for long periods (e.g., sales personnel) or those who
have heart failure and poor circulation. Esophageal varices are seen in
individuals with portal hypertension, most often caused by cirrhosis of
the liver. Varicosities of hemorrhoidal veins (piles or hemorrhoids)
may be seen above the junction of the rectal mucosa within the squa-
mous epithelium (internal) or beneath the anal squamous epithelium
and epidermis (external). Dilated veins are prone to thrombosis
(phlebothrombosis), and stasis may also predispose to infection. More
commonly, the vein wall becomes inflamed first, leading to a secondary
clot formation (thrombophlebitis). This can produce life-threatening
pulmonary emboli.

Tumors of blood vessels are common and in most cases benign.
Hemangiomas are usually classified by histologic type as capillary,
venous, or mixed. Juvenile hemangiomas or strawberry heman-
giomas are found on the skin of newborns. Cavernous hemangiomas
are lesions composed of larger blood vessels and may be found in
the liver and spleen. They may be discussed under thrombosis and
fibrosis. Glomus tumors (glomangiomas) are painful tumors of fin-
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pression by pleural transudate due to heart failure is the most com-
mon cause of hydrothorax and can be recognized by radiography,
which shows a typical shift of the mediastinum to the other side.

¢ Patchy atelectasis is a consequence of incomplete expansion
and focal collapse of alveoli in the lungs of premature infants. It
is related to pulmonary immaturity and the inability of fetal sur-
factant to keep the alveoli open.
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Pulmonary Edema

Pulmonary edema represents the most common feature of left-sided
heart failure. At autopsy, the lungs are heavy and wet. Frothy fluid
oozes from the cut surface. Histologically, there is accumulation of
proteinaceous fluid in the alveoli. Because of congestion, the capil-
laries are dilated and some blood oozes into the alveoli. In long-
standing cases, macrophages bearing hemosiderin pigment (heart
failure cells) are seen in the alveoli, which have thickened septa
(brown induration).

Adult Respiratory Distress Syndrome

Adult respiratory distress syndrome (ARDS) is a syndrome charac-
terized by rapid onset of respiratory insufficiency, marked by
severe dyspnea, cyanosis, and hypoxia refractory to oxygen therapy.
It results from a variety of underlying conditions that can be classi-
fied into two groups: direct alveolar cell injury caused by pul-

monary infections, inhalation of irritant gases, and aspiration of .

gastric contents or foreign material; capillary damage caused by sys-
temic diseases such as sepsis or shock, or by metabolic diseases that
cause diffuse capillary damage. All cases of ARDS show severe
edema. The edema fluid is rich in fibrin, which is deposited along
the damaged alveolar lining in the form of hyaline membranes.
ARDS has high mortality. Pulmonary fibrosis is found in those who
survive. The most important causes of ARDS are listed in Table 8-1.

Pulmonary Embolism

Occlusion of the pulmonary artery or its branches by emboli (<95%
are from thrombi in the deep veins of the legs) occurs in several forms:

* Massive occlusion of the pulmonary artery (saddle embolism) is
usually lethal.
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oles and small arteries show medial hypertrophy and intimal fibro-
sis. The extent of vessel wall thickening and luminal narrowing can
be graded from I to VI in histology sections.

The primary form of pulmonary hypertension is typically found
in women aged 20 to 40 years, whereas the secondary form occurs in
older people. The clinical presentation is dyspnea, fatigue, and, to a
lesser degree, angina-like chest pain. With time, the dyspnea o
becomes more severe. Cor pulmonale with cyanosis, pulmonary
thrombosis, and bouts of pneumonia are common in advanced
cases. Treatment is with vasodilators and antithrombotic drugs, but
it is most often unsuccessful.

CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Chronic obstructive pulmonary disease (COPD) refers to a group of dis-
eases caused by recurrent airflow obstruction. The most important
among these diseases are emphysema and chronic bronchitis.
Patients with COPD exhibit increased pulmonary resistance and lim-
ited maximal expiratory air flow rates during forced expiration. This
can be caused by narrowing of airways, seen in chronic bronchitis,
or loss of elastic recoil, seen in emphysema.

Emphysema

Emphysema is characterized by abnormal, permanent enlargement
of the air spaces distal to the terminal bronchioles, with destruction
of their walls but without fibrosis. The most severe form is found in
male smokers in the fifth to eighth decades. Emphysema may com-
plicate chronic bronchitis. In a familial form, emphysema has been
linked to a hereditary deficiency of a,-antitrypsin.

Pathologically, there are four types of emphysema (Fig. 8-2):

¢ Centrilobular emphysema involves the respiratory bronchioles,
sparing the distal alveoli. It is most common in the upper lobes,
and is most often associated with smoking. Inflammation is
observed around bronchi and bronchioles, and abundant black
pigment is noted in their walls. ;

¢ Panlobular emphysema involves the entire acinus including the
respiratory bronchiole, alveolar duct, and alveoli. It occurs in
the lower lobes on the anterior margins of the lungs and is most
severe at the bases. Emphysema caused by o -antitrypsin defi-
ciency presents in this form.

e Paraseptal emphysema spares the proximal portion of the aci-
nus and is predominant in the distal part of the respiratory unit.
It is located next to the pleura and at the lobule margins. In
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Chronic Bronchitis

Chronic bronchitis is defined clinically as a disease marked by per-
sistent cough, with sputum production during at least 3 months and
over a period of at least 2 consecutive years. Smoking, industrial
fumes, and smog are the most important pathogenic factors. Ciga-
rette smoking is by far the most prevalent cause. Chronic irritation by
fumes and particles in tobacco smoke and superimposed infections
cause hypersecretion of mucus throughout the tracheobronchial
tree. Histologically, there is hypertrophy of mucus-secreting glands in
the trachea and bronchi, which increases the ratio of the gland layer
to the thickness of the wall (Reid index). In addition, there is bron-
chiolar narrowing due to goblet cell metaplasia and mucus plugging.
Inflammation and fibrosis of the bronchial wall can extend into the
alveoli and cause destruction or fibrosis of the lung parenchyma.

Clinically, the disease is characterized by persistent cough and
large amounts of sputum. Long-standing complications include
chronic dyspnea, loss of respiratory reserve, and diminution of res-
piratory functions resulting in hypercapnia, hypoxemia, and
cyanosis. Cor pulmonale and right-sided heart failure are common.
Over time, pulmonary infections become more common and more
resistant to treatment. Dilatation of bronchi (bronchiectasis) or
impaction of bronchioli with mucus and organizing inflammation
(bronchiolitis obliterans) are common complications.

Emphysema and chronic bronchitis in most instances are
related to cigarette smoking. As such, these two diseases share many
clinical features. Patients who predominantly have emphysema are
usually short of breath but well oxygenated (“pink puffers”),
whereas those with chronic bronchitis are coughing continuously
and cyanotic (“blue bloaters”) (Table 8-2).

Bronchiectasis

Bronchiectasis is abnormal, irreversible dilatation of the bronchi
and bronchioles in the presence of chronic infection and suppura-
tion. It is a common complication of chronic bronchitis, but it can
also result from bronchial obstruction caused by tumors and foreign
bodies or necrotizing pneumonia. Diffuse bronchiectasis may be a
complication of asthma or cystic fibrosis. It usually affects the lower
lobes of the lungs bilaterally and is most severe in distal bronchi and
bronchioles. Histologically, the dilated bronchi and bronchioli con-
tain mucopurulent exudate, and their walls show chronic inflam-
mation and peribronchial fibrosis. Clinically, bronchiectasis is
characterized by severe, persistent cough, which becomes paroxys-
mal; dyspnea and fever; and copious foul-smelling sputum, often
tinged with blood. Respiratory failure and cor pulmonale are the
most important complications. Hematogenous spread of bacteria
from the bronchiectasis may result in sepsis and abscesses in other
organs. Amyloidosis is a less common complication.
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crystals visible under polarized light. Coalescence of nodules leads
to massive pulmonary fibrosis. Tuberculosis is yet another complica-
tion. Clinical features vary. Pulmonary function is generally normal
or may be moderately compromised unless progressive massive
fibrosis ensues. In progressive massive fibrosis, the lungs are com-
promised considerably, the patients are dyspneic, and the condition
can progress on its own, even without additional exposure.

-

Asbestosis

Asbestosis results from the inhalation of asbestos, particularly the
straight amphibole fibers. The curvilinear serpentine fibers, the
most common form of asbestos such as chrysotiles, are also fibro-
genic but less dangerous. Amphiboles can align themselves in the
airstream, which carries them into deeper portions of lung. Fibers
are taken up by macrophages, or they penetrate epithelial cells and
arrive in the pulmonary interstitium where they induce fibrosis. Dif-
tuse interstitial fibrosis is most prominent in the lower lung lobes. It
commences around respiratory bronchioles and alveolar ducts and
ultimately reaches the alveolar sacs. Subpleural fibrosis and hyaline
pleural plaques are also common.

Microscopically, diffuse interstitial fibrosis predominates. The
presence of golden brown, fusiform, beaded rods that consist of
asbestos fibers coated with iron-containing protein (asbestos bod-
ies) are of diagnostic significance.

Clinically, dyspnea is the most common symptom. It occurs 10 to
20 years after initial exposure and is progressive. Cough with sputum
production intensifies as the disease progresses, but the disease may
remain static for a long time. Cor pulmonale and congestive heart
failure are found in advanced cases. Asbestosis is a risk factor for
bronchogenic carcinoma, mesothelioma, and laryngeal carcinoma.
Concomitant cigarette smoking increases the risk of bronchogenic
carcinoma approximately 50 times.
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The lung can be affected by a number of diseases of which the eti-
ology remains uncertain. In some cases, the clinical and pathologic
findings suggest an immune pathogenesis, as in sarcoidosis and
hypersensitivity pneumonitis. In other cases, the cause is obscure
and the diseases are named descriptively, such as usual interstitial
pneumonitis, desquamative interstitial pneumonitis, and pulmonary
alveolar proteinosis.

INTERSTITIAL DISEAéES OF UNCERTAIN ETIOLOGY
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Sarcoidosis

Sarcoidosis is an idiopathic disease thought to represent a type IV
(cell-mediated) hypersensitivity reaction. It is characterized by the for-
mation of noncaseous granulomas in the lungs, lymph nodes, spleen,
liver, bone marrow, skin, eyes, and, to a lesser degree, other organs.
Hilar lymphadenopathy, which is bilateral, or lung lesions are
observed on chest radiography in the majority of cases. Histologically,
the noncaseating granulomas are composed of epithelioid cells sur-
rounded by a rim of lymphocytes. Laminated concretions containing
calcium (Schaumann bodies) and stellate inclusions in giant cells
(asteroid bodies) may be found but are not diagnostic of sarcoidosis.

Sarcoidosis is more common in women than in men. There is a
much higher prevalence in African-Americans than in whites, and it is
virtually nonexistent in Chinese and Southeast Asians. Clinically, it
may be asymptomatic and only found as a bilateral hilar adenopathy
on chest radiography, or it may present as peripheral lymphadenopa-
thy, splenomegaly, or hepatomegaly. Lung disease causes shortness of
breath, cough, chest pain, and hemoptysis. In addition, fever, fatigue,
weight loss, anorexia, and night sweats are frequently reported. The
vast majority of patients recover without any residues; a lesser number
develop permanent loss of some pulmonary function, and there is
approximately a 10% mortality. The majority of deaths result from
progressive pulmonary fibrosis and cor pulmonale.

Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis occurs as an adverse reaction to
organic dust particles in sensitized persons. The best known forms
of hypersensitivity pneumonitis are farmer’s lung, pigeon breeder’s
lung, air-conditioner lung, and byssinosis of textile workers. The
lungs show signs of immune complex (type III) or cell-mediated
(type IV) hypersensitivity reaction. Histologically, there is infiltra-
tion of alveolar septa with lymphocytes and macrophages or granu-
loma formation. Ultimately, pulmonary fibrosis develops.

Wegener Granulomatosis

Wegener granulomatosis is a disease presumably of immune origin
that presents with a triad that includes upper and lower respiratory
tract involvement and kidney disease. The lung shows arteritis, gran-
ulomas, and widespread necrosis.

Usual Interstitial Pneumonitis

Usual interstitial pneumonitis is also known as idiopathic pulmonary
fibrosis (Hamman-Rich syndrome), or chronic interstitial pneumoni-
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Clinical features include cough, malaise, fever, and pleuritic
pain and friction rubs due to pleuritis. A rusty, brown purulent spu-
tum is typical. Complications are similar to those of bronchopneu-
monia. Mortality is high.

Interstitial Pneumonia

Interstitial pneumonitis is historically also called primary atypical pneu-
monia because it does not show the typical features of bacterial pneu-
monia. On radiography, the lungs show a reticular pattern of
infiltration and no signs of patchy consolidation. It is caused by the
viruses Mycoplasma pnewmoniae or Chlamydia psittaci or rickettsiae such as
Coxiella burnetii. It is characterized predominantly by interstitial inflam-
mation, which may be bilateral or unilateral and often involves the
whole lobe. Histologically, the lesions are characterized by a mononu-
clear inflammatory cell infiltrate in the alveolar septa. The alveoli may
contain proteinaceous edematous fluid or hyaline membranes in
response to alveolar cell damage. When the disease subsides, the alveoli
are restored to normal.

The clinical presentation varies depending on the extent of infec-
tion, but in most instances the disease is mild. Cough is the most com-
mon symptom, but often fever, headache, muscle aches, and leg pain
may be the only signs. Elevated cold agglutinins are found in those
cases caused by Mycoplasma. Complications are rare and include
superimposed bacterial pneumonia. Higher mortality can be
expected in the elderly, especially during epidemics of influenza that
occur almost every winter.

Preumocystis carinii, a widespread opportunist fungus, may cause
severe pneumonia in immunosuppressed persons and is the major
cause of death in AIDS patients. The pneumonia is diffuse or patchy.
The alveoli are filled with foamy material composed of proliferating
organisms, proteinaceous material, and cellular debris. The intersti-
tium may contain mononuclear cell infiltrates. Concomitant infections
with bacteria, viruses, particularly cytomegalovirus, and fungi are fre-
quently observed in AIDS patients. Diagnosis is based on identifying the
organisms in bronchoalveolar lavage fluid, sputum, or transbronchial
biopsy specimens stained with silver, Giemsa stain, or toluidine blue.

Lung Abscesses

Lung abscesses are destructive cavitary lesions filled with pus. They
are generally caused by bacteria such as S. aureus. A variety of gram-
negative organisms and anaerobic organisms generally found in the
oral cavity can be frequently isolated from these lesions. The organ-
isms are introduced by the following:
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and infectious mononucleosis. The condition is self-limiting and
rarely produces marked hemolysis. A chronic form occurs idiopath-
ically or in conjunction with certain lymphoproliferative disorders.
These IgM antibodies are usually monoclonal. Hemolysis occurs typ-
ically in vessels of the distal parts of extremities because the lower
temperature promotes agglutination of antibody-coated RBCs and
fixing of complement. Although the antibodies are released from
the RBC and return to the central body parts when a temperature of
37°C is reached, C3, and especially C3b, remain bound to many
cells, leaving them susceptible to phagocytosis by macrophages in
the liver and spleen. Besides the signs of hemolysis, which are usu-
ally evident, the agglutination of RBCs in peripheral vessels can also
lead to microvascular occlusion, resulting in Raynaud phenomenon.

Cold hemolysin hemolytic anemias are caused by IgG antibodies
that bind to red cells, fix complement at a low temperature, and
cause hemolysis when the temperature is elevated to 30°C. The
autoantibodies are directed against P blood group antigens and
associated with cold hemolysis. This results in paroxysmal cold
hemoglobinuria, which is characterized by acute intermittent mas-
sive hemolysis, often with hemoglobinuria in patients exposed to
cold. Hemolysis of this type may be a complication of viral diseases
such as measles and mumps.

Transfusion reactions and erythroblastosis fetalis are hemolytic
disorders caused by antibodies reacting with blood group antigens.

Traumatic hemolytic anemia can be induced in a variety of
mechanical devices such as the extracorporeal circulation machine.
Clinically important hemolysis is observed in patients who have heart
valve prostheses. Microangiopathic hemolytic anemias observed in
thrombotic thrombocytopenic purpura, disseminated intravascular
coagulation (DIC), hemolytic uremic syndrome, or malignant hyper-
tension are also characterized by intravascular hemolysis, which
occurs when RBCs pass through microvasculature (arterioles and
capillaries) partially occluded by thrombi. The RBCs either rupture
or assume various abnormal shapes (e.g., burr cells, helmet cells,
schistocytes), which makes them more susceptible to hemolysis.

Impaired Red Cell Production

These anemias are produced by conditions that either interfere with
the proliferation or differentiation of stem cells or in which there is
a deficiency of essential ingredients such as vitamin B, or iron.

Aplastic Anemia

Aplastic anemia is a term used for bone marrow failure caused by a
destruction or suppression of multipotent myeloid stem cells. This
entails cessation or markedly diminished production and release of
mature descendants of all three major hematopoietic lines (RBCs,
granulocytes, and thrombocytes).



Hematopoietic and Lymphoid System

Aplastic anemia may be either inherited (Fanconi anemia),
which is rare, or acquired. The acquired form is usually without an
obvious cause (i.e., idiopathic). In addition, however, aplastic ane-
mia may be caused by drugs and chemicals such as alkylating agents,
antimetabolites, chloramphenicol, and organic arsenicals; physical
agents such as radiation; and viral infections such as hepatitis virus
C, cytomegalovirus, Epstein-Barr virus, and varicella zoster virus.

Aplastic anemia typically shows bone marrow changes. The mar-
row is hypocellular and composed of fibrous stroma or contains a
few lymphocytes and plasma cells, which populate the empty mar-
row spaces. Few or no erythroid cells, myeloid cells, or megakary-
ocytes are observed.

Clinically, aplastic anemia may occur at any age and in either
gender. Signs and symptoms vary, depending on what cell lines are
most affected. For example, infections are prevalent if leukocytes
are depleted first (agranulocytosis) and excessive bleeding is
observed with thrombocytopenia. Pallor and weakness are associ-
ated with decreased RBC counts. The remaining red cells are nor-
mocytic and normochromic, and there is no reticulocytosis,
indicating that erythropoiesis is suppressed. Diagnosis of aplastic
anemia is based on examining the peripheral blood, which shows
low RBC, WBC, and platelet counts, and bone marrow, which shows
depletion of all hematopoietic cell precursors.

Myelophthisic Anemia

Myelophthisic anemia results from the replacement of hematopoi-
etic cells in the bone marrow by other cells. Most often, it is caused
by metastatic carcinoma or leukemia. Pancytopenia may even result
from focal replacement of the bone marrow. It has been postulated
that tumor cells disrupt the hematopoietic microenvironment or
secrete cytokines that inhibit hematopoiesis.

Megaloblastic Anemia

Megaloblastic (pernicious) anemia develops due to a deficiency of
either vitamin B, or folate. It may result from inadequate intake in
the diet, abnormal absorption, increased requirement, or drugs that
interfere with the use of these essential nutrients (Table 9-2).

Malabsorption of vitamin B,, is most often related to atrophic
gastritis, an immunologic disease characterized by a loss of gastric
parietal cells, which secrete intrinsic factor. Without intrinsic factor,
vitamin B,, cannot be absorbed in the small intestine.

Folic acid deficiency results from inadequate intake or impaired
absorption. Dietary deficiency is encountered in alcoholics, the very
old, or the indigent poor. Diseases of the small intestine (e.g., sprue,
lymphoma, Crohn disease) interfere with the absorption of both vit-
amin B, and folate.

Lack of vitamin B,, and folic acid affects DNA synthesis, but the
synthesis of RNA and proteins is unaffected. Thus, cytoplasm of RBC
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circumstances contain only minor lymphoid cell populations. Clini-
cally and pathologically, lymphomas are divided into two major
groups: Hodgkin disease and non-Hodgkin lymphoma (NHL). Each
of these groups comprises several distinct clinicopathologic entities.
Lymphomas account for 3% of all human malignancies: Two-thirds
of these are NHLs, and one-third are Hodgkin lymphomas.

The etiology and pathogenesis of lymphomas are poorly under-
stood, but in general this group of diseases shares many features
with leukemias. The same oncogenes and tumor-suppressor genes
implicated in the pathogenesis of leukemia are found in lym-
phomas. ALL and chronic lymphocytic leukemia are actually con-
sidered to be leukemic forms of lymphoblastic and chronic
well-differentiated lymphocytic lymphoma, respectively. The best
known gene is bct2, found in B-cell well-differentiated lymphoma.
Environmental factors also play a possible pathogenetic role, as evi-
denced by a high incidence of lymphoma in sub-Saharan Africa.
Lymphomas occur often in immunosuppressed persons and are a
well-known complication of AIDS.

Non-Hodgkin Lymphomas

NHLs are neoplasms originating from B- or T-lymphocytes and their
less-differentiated precursors. Numerous clinicopathologic entities
have been recognized, but for practical purposes the National Institutes
of Health Working Classification groups all of these subtypes of NHL
into four categories: low-grade lymphoma, intermediategrade lym-
phoma, high-grade lymphoma, and miscellaneous groups (Table 9-9).
A classification called Revised European American lymphoma was pro-
posed in 1994. It divides lymphomas into two groups: B-cell and T-ell
derived. Presently, the Working Classification is used more frequently.
Low-grade lymphomas are composed of cells that resemble
mature lymphocytes. The neoplastic cells may diffusely infiltrate the
entire lymph node or form follicles. Intermediate-grade lymphomas
may be diffuse or follicular, but cytologically these lesions are more
anaplastic than well-differentiated lymphomas and often contain
large cells or mixed population of cells. High-grade lymphomas are
composed of anaplastic large cells or immature small lymphoid
cells, which diffusely infiltrate the lymph nodes and often extend
into the nonlymphoid tissues. The high-grade lymphoma group
includes lymphoblastic, immunoblastic, and Burkitt lymphomas.
The miscellaneous group of lymphomas includes entities that are
different from other NHLs. Mycosis fungoides is a low-grade T-cell
lymphoma that typically involves the skin. It is closely related to the
Sézary syndrome, characterized by the appearance of neoplastic T-
lymphocytes in the peripheral blood. Hairy cell leukemia is a low-
grade lymphoma leukemia in which the bone marrow and spleen are
most often infiltrated by B cells that have cell surface projections and
contain cytoplasmic tartrate-resistant acid phosphatase. Rare neo-
plasms of macrophages (histiocytes) are also included in this group.
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Dental caries and periodontal disease.

involved. Sjogren syndrome is an autoimmune disease that affects
salivary glands and mucus-secreting glands of the nasal mucosa,
leading to xerostomia (dry mouth). The lacrimal glands are also
involved, which leads to keratoconjunctivitis sicca (dry eyes). Xero-
stomia may be induced by drugs and also results from salivary gland
atrophy secondary to irradiation. Occasionally, the main salivary
duct is obstructed with stones (sialolithiasis).

Salivary gland neoplasms are uncommon and are most often
found in the 40- to 60-year-old age group. The vast majority of these
neoplasms arise in the parotid gland (70%), and most are benign.
Of the approximately 15% of parotid gland tumors that are found,
40% of those found in the submandibular gland are malignant, and
50% of those found in the minor salivary glands are malignant. His-
tologically, these tumors occur in several forms, but the most com-
mon are pleomorphic adenomas.

Pleomorphic adenomas (mixed tumors) make up approxi-
mately 60% of tumors in the parotid gland and are less common in
the other glands. Histologically, these neoplasms are encapsulated
and composed of epithelial cells and myoepithelial cells arranged
in a myxoid tissue that often has foci of cartilage. They recur if they
are not completely excised, and a small percentage (5%) are malig-
nant. Other less common tumors are mucoepidermoid carcinoma,
acinic cell carcinoma, and papillary cystadenoma lymphomatosum
(Warthin tumor).
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Non-Neoplastic Diseases

Diverticula of the esophagus are uncommon. Pulsion diverticula
(Zenker diverticula) are outpouchings of the posterior pharynx
above the cricopharyngeus muscle. They are most common in
elderly men and are attributed to a weakened wall, which is pushed
out by intraluminal pressure. Traction diverticula in the midportion
of the esophagus result from the wall pulling out because of inflam-
matory processes such as tuberculosis.

Motor disorders of the esophagus result in dysphagia, a diffi-
culty in swallowing, or odynophagia (pain on swallowing). Swallow-
ing is a complex function that is heavily dependent on voluntary
muscle action and innervation. Thus, dysphagia can result from
cerebral vascular accidents, primary neurologic diseases, and dis-
eases that affect skeletal muscles such as scleroderma, dermato-
myositis, or myasthenia gravis.

The most important esophageal cause of dysphagia is functional
spasm, known as nutcracker esophagus, which it resembles in bar-
ium swallow study results. Achalasia (cardiospasm) results from fail-
ure of the lower esophageal sphincter to relax, absence of peristalsis,
and a high resting tone in the lower esophagus. The esophagus
above the sphincter progressively dilates. Achalasia is most often
idiopathic, but it may be caused by degeneration of the myenteric
plexus as in Chagas disease (trypanosomiasis). Occasionally, swal-
lowing is impeded by strictures and esophageal webs.

Hernia of the esophagus through the diaphragm is called hiatus
hernia. There are two types: sliding, in which the cardiac portion of
the esophagus is pulled into the chest, and rolling (paraesophageal),
in which the junction of the stomach and esophagus remains in the
abdominal cavity, but the stomach rolls up beside the esophagus in
the chest. The sliding type is much more common, accounting for
80% to 90% of all cases. It is a common disease typically associated
with regurgitation of the gastric contents into the esophagus.

Esophagitis may be caused by infections (e.g., viral or fungal),
chemicals, or mechanical irritants such as a nasogastric tube. The most
common cause of esophagitis is reflux of gastric juice due to the incom-
petence of lower esophageal sphincier or to hiatal hernia (reflux
esophagitis). Reflux esophagitis may lead to glandular metaplasia of
normal esophageal squamous epithelium (Barrett esophagus).

Esophageal bleeding usually occurs from tears in the mucus in
the lower esophagus. Repeated vomiting may induce lacerations of
the distal esophageal and proximal gastric mucosa associated with
significant bleeding. Most frequently this is seen after heavy alcohol
intake and is known as the Mallory-Weiss syndrome. Esophageal
varices, which are dilated veins in the submucosa in the lower esoph-
agus and at the esophagogastric junction, are a complication of por-
tal hypertension caused by cirrhosis of the liver. Rupture of
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(4:1). The infant develops colic and projectile vomiting at approxi-
mately 2 to 3 weeks of age and can become significantly dehydrated.
Incision of the hypertrophied pyloric sphincter is usually curative.

Gastritis, inflammation of the stomach, is extremely common.
Two major forms are recognized: erosive gastritis (acute gastritis),
which shows a spectrum of changes from mild hyperemia of the gas-
tric mucosa to acute gastric ulceration, and nonerosive gastritis
(chronic atrophic gastritis). Erosive gastritis may be caused by ingested
chemicals or drugs such as aspirin or nonsteroidal anti-inflammatory
drugs (NSAIDs). Gastric erosions develop also in response to trauma,
sepsis, burns (Curling ulcer), and brain trauma and swelling (Cushing
ulcer). Because the mucosa and submucosa of the stomach are so
richly supplied with blood, it appears that ischemia may be the com-
mon pathway linking these multiple causes. Anything that increases
mucosal cell turnover, decreases mucus or prostaglandin production,
and decreases the intramural pH undoubtedly contributes to acute
gastritis, gastric erosion, and acute gastric ulceration.

Chronic nonerosive gastritis has multiple causes, but two of the
more significant causes are autoantibodies and Helicobacter prylori.
Autoimmune gastritis primarily involves the fundus. It is character-
ized by fundic gastric atrophy; antibodies to parietal cells, intrinsic

" factor, or both; and achlorhydria. The lack of intrinsic factor inter-
feres with vitamin B,, absorption and leads to pernicious anemia. H.

pylori infection primarily affects the pyloric antrum. Chronic gastri-
tis is associated with an increased risk of gastric cancer.

Peptic ulcer disease is an extremely common multifactorial disor-
der. Ulcers can occur in the stomach or duodenum. There is a predilec-
tion for ulcers to be found in the first part of duodenum and the lesser
curvature of the antral portion of the stomach. Acid and pepsin are nec-
essary for chronic ulcer formation. H. pylori infection also plays a role.
NSAIDs and aspirin may contribute to and exacerbate the disease.

Grossly, the chronic peptic ulcer has a characteristic appearance
and regular outline as if it had been scooped or punched out, a
smooth base, and a rolled up mucosal border in which the folds dis-
appear right at the edge. Microscopically, the bottom of the ulcer
has three layers consisting of necrotic tissue, inflammatory exudate,
and a layer of granulation tissue. Ulcers bleed and perforate, and in
the duodenum they may cause stenosis or obstruction. Gastric ulcers
undergo malignant transformation in approximately 2% to 3% of
cases. Duodenal ulcers never give rise to cancer.

Neoplasms of the Stomach

Tumors of the stomach are classified as epithelial and nonepithelial. Ade-
nocarcinomas are the most common epithelial tumor. Lymphomas
and sarcomas represent the nonepithelial tumors, which account for
<10% of all neoplasms. Benign tumors are less common and include
hyperplastic polyps, adenomatous polyps, and leiomyomas.

Gastric adenocarcinoma was once the most frequently seen malig-
nancy in men in the United States, but its incidence has been steadily
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acquired, solitary or multiple. Acquired diverticula occur far less fre-
quently than those of the large intestine and also occur less frequently
than congenital diverticula. The most common congenital diverticu-
lum, Meckel diverticulum, is a remnant of the omphalomesenteric
(vitelline) duct, which is present in approximately 2% of the population.
It occurs in the distal ileum, approximately 2 feet from its termination in
the colon (50 to 60 cm). It is approximately 2 inches long (5 cm).
Approximately 60% of patients are under 2 years of age (mnemonic: 2,
2, 2, 2). It often contains ectopic gastric epithelium or foci of pancreatic
tissue. Symptoms due to inflammation resemble appendicitis, except
that they localize on the left side. Perforation with peritonitis, obstruc-
tion, and intussusception of the small intestine may be related to
inflamed or twisted Meckel diverticulum.

Herniation in the small intestine into the inguinal region of male
subjects or the femoral canal in female subjects occurs often. Symp-
toms relate to the mass effect of the protruding intestinal loops or
intestinal obstruction. Intestinal obstruction also can be caused by
adhesions, volvulus, intussusception, and other causes such as
impaction with meconium (meconium ileus) seen in infants with cys-
tic fibrosis. Rupture of the obstructed intestines causes peritonitis.

Enteritis

Infectious diarrhea, inflammation of the intestines, may involve the
entire gastrointestinal tract (gastroenteritis), or it may be localized
to specific parts of the intestine (e.g., ileitis, appendicitis, colitis,
proctitis). It is 2 major health problem in underdeveloped countries
and a major cause of morbidity and mortality, especially among chil-
dren. In the United States, diarrhea among children is usually
caused by viruses (rotavirus or Norwalk virus). It is also a common
complication of food poisoning caused by staphylococci or
Escherichia coli enterotoxin. Bacterial enteritis can be toxin mediated
or caused by bacterial invasion of the intestinal wall. Two most
notable toxigenic organisms are Vibrio cholerae and toxigenic E. coli.
E. coli causes the familiar travelers’ diarrhea, which is characterized
by mild inflammatory changes in the bowel mucosa. This type of
diarrhea is short lived and responds to symptomatic therapy.
Cholera produces severe (rice water) diarrhea with life-threatening
dehydration, although the pathologic lesions are inconspicuous.
The invasive organisms generally produce more obvious damage to
the intestinal mucosa, including inflammation and ulceration. Inva-
sive organisms include many species of Salmonella, invasive E. coli,
Yersinia, Campylobacter, and Shigella. Clostridium difficile causes
pseudomembranous colitis in patients taking broad-spectrum antibi-
otics, especially clindamycin or ampicillin. Tuberculous enteritis is
rare in the United States and usually is caused by Mycobacterium tuber-
culosis. Mycobacterium avium-intracellulare infects the small intestine
and is a cause of diarrhea in AIDS patients. Amebiasis is a disease of
the tropics caused by Entamoeba histolytica. It causes deep flash-like
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manifestations include uveitis, arthritis, skin disease such as ery-
thema nodosum and pyoderma gangrenosum, stones in the gall-
bladder and kidney, and sclerosing cholangitis. Clinical features
are diarrhea, fever, pain, and weight loss when the distal ileum is
affected. Anemia develops due to iron and vitamin B, deficiency.
Remissions and relapses occur, and in the most severe cases, the
intestine must be resected. Crohn disease is associated with a
slightly increased incidence of colon cancer.

Ulcerative colitis is an inflammatory disease of unknown origin
that affects predominantly young adults, with a peak onset in the
20- to 30-year-old age group. Like Crohn disease, it is more com-
mon in Jews than other ethnic groups and whites more than other
races. Family history is found in approximately 20% of cases. In
contrast to Crohn disease, ulcerative colitis is limited to the colon
and appendix; the small intestine is not involved. The disease typi-
cally begins in the rectum, spreading proximally. The ulcerations
develop quickly, and there are no skip areas. Histologically, the ini-
tial lesions present as acute inflammation of the colonic crypts
(crypt abscess), extending into lamina propria and resulting in ulcer-
ations of the mucosa. Mucosal epithelium regenerates to some
extent, but ulcerations persist, and the nonulcerated mucosa
remains flattened and atrophic for prolonged periods. The inflam-
mation is limited to the mucosa, and the deeper layers of the colon
are not affected, as in Crohn disease. Fistulas do not form, but the
weakened intestinal wall predisposes to dilatation. In severe cases,
there is marked dilatation of the large intestine (megacolon), which
may rupture and cause peritonitis.

The regeneration of the mucosa may lead to the formation of
pseudopolyps. The epithelium, undergoing constant regeneration,
may show atypia. Such epithelial dysplasia may give rise to adeno-
carcinomas, which occur in approximately 10% of all chronic incur-
able cases. Extraintestinal complications involving the eyes, joints,
skin, and bile ducts are identical to those of Crohn disease. The clin-
ical features of ulcerative colitis are similar to those in Crohn dis-
ease: In most patients, the disease has a chronic course with
episodes of exacerbation after remissions. Current methods of treat-
ment do not give satisfactory results. In severe cases and those with
dysplasia or cancer, colectomy must be performed.

Malabsorption Syndrome

Malabsorption syndrome results from inadequate -absorption of
nutrients in the small intestine. It can be attributed to the following
abnormalities:

¢ Intraluminal digestion, caused by deficiency of pancreatic enzymes
(e.g., chronic pancreatitis) or bile (e.g., biliary obstruction)

* Mucosal absorption, caused by small intestinal disease such as
celiac disease or Whipple disease .
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Circulatory Disorders

Atherosclerotic narrowing of intestinal arteries and their branches
may cause ischemia, which typically occurs in the elderly and is most
pronounced in the rectosigmoid and at the splenic flexure of the
colon. Ischemic colitis is characterized by focal necrosis of the
mucosa, followed by fibrosis of the lamina propria. It usually pre-
sents as indistinct abdominal pain and blood in the feces or as diar-
rhea. Larger infarcts may cause more pronounced fibrosis, which
may narrow the intestinal lumen and mimic carcinoma.

Arterial infarcts caused by sudden occlusion of a major intestinal
artery by thrombi or emboli are characterized by massive hemorrhagic
necrosis of intestinal loops. This catastrophic event usually necessitates
surgical resection of the intestinal loop and has a high mortality.

Venous infarcts of the intestines may also be caused by venous
thrombosis. This is typically seen in hypercoagulable states such as
Trousseau syndrome caused by abdominal cancer. Hypotensive
infarcts due to hypoperfusion of the intestinal mucosa are found in
shock caused by profuse bleeding or heart failure.

Bleeding from the intestines is called hematochezia. The most
common cause of rectal bleeding is dilated and thrombosed veins of
the hemorrhoidal plexus (hemorrhoids). It can be caused by cancer,
diverticulosis, inflammatory bowel disease, and almost all infectious
diseases involving the intestines.

Angiodysplasia, a vascular lesion of the right side of the colon
composed of interanastomizing thin-walled mucosal vessels, is an
important cause of bleeding in the elderly. The cause of this vascu-
lar lesion is not known.

Neoplasms of the Intestines

Tumors of the intestines can originate from the epithelium, mes-
enchymal tissues, and lymphoid cells and are classified as benign or
malignant. They are common in the colon, but relatively rare in the
small intestine and the appendix.

Benign tumors of the intestines are mostly of epithelial origin.
They protrude into the ileum; thus they are called polyps. Like all
other tumors of the intestines, they are located predominantly in
the large intestine. Polyps are histologically classified into two major
groups (Fig. 10-4 and Table 10-4):

* Non-neoplastic polyps, which include hyperplastic polyps,
hamartomatous polyps, juvenile retention polyps, and lymphoid
polyps

¢ Neoplastic polyps, which include tubular adenomas and villous
adenomas

Hyperplastic polyps are the most common polyps in the colon.
They appear like dewdrops on the mucosa and usually measure <5 mm.
They are composed of hyperplastic epithelial cells that form glands
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metastasize through the portal vein to the liver and also to other and
distant organs. Clinical findings depend on the location of the
tumor and the extent of its spread. Carcinoma of the colon tends to
bleed, and occult blood found in the feces can be the first sign of
this malignancy. Long-term bleeding could cause anemia. Carci-
noma of the left side of the colon interferes with defecation and
could cause obstruction. Feces passing through the narrowed lumen
are thin like a pencil. The prognosis of colon cancer depends on the
extent of its spread, as determined by using the modified Dukes clas-
sification. More than 90% of patients with a stage A lesion (confined
to the mucosa) survive 5 years, whereas the survival rate is only 10%
in those with stage D lesions. Early diagnosis is the only way of
improving the cure rate of colon carcinoma patients. It is based on
examination for occult blood, rectoscopy, or colonoscopy. Tumors
also release the carcinoembryonic antigen into blood, which serves
as a tumor marker. However, this test is not specific enough to be
used for screenings for colon cancer. It is used most often for follow-
up of colon cancer patients to determine the recurrence of tumors
after colectomy.

Other tumors of the intestines are less common. The most impor-
tant of these neoplasms are carcinoid tumors, lymphomas, smooth
muscle cell tumors, and so-called gastrointestinal stromal tumors.

Carcinoid tumors are low-grade malignant tumors of neuroen-
docrine cells. These tumors can occur in any part of the gastrointesti-
nal tract, but are most often located in the appendix and small
intestine. They secrete serotonin and polypeptide hormones, which
could increase the mobility of the intestines and cause colic or diar-
rhea. Bioactive substances from carcinoid tumors are carried by portal
blood to the liver, where they are inactivated. Only after the carcinoids
are metastasized to the liver do they secrete into the systemic circula-
tion. Serotonin and other products secreted by these hepatic metas-
tases reach the right side of the heart and produce endocardial and
valvular changes typical of the carcinoid heart disease.
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Gilbert syndrome is an autosomal dominant benign disorder with
mild unconjugated hyperbilirubinemia due to a defect in bilirubin
conjugation and no evidence of liver disease. Approximately 5% of the
population has the disease, which is more common in male subjects.

Dubin-Johnson syndrome is a relatively benign disorder of intra-
cellular transport, excretion, or transport and excretion of conju-
gated bilirubin. Patients show chronic or episodic jaundice, and
their livers are black due to lysosomal accumulation of a black pig-
ment. Blood contains increased amounts of conjugated bilirubin.

Rotor syndrome is also a familial form of mild conjugated hyper-
bilirubinemia. There is no pigment accumulation in the liver.

Neonatal jaundice develops in most premature and many full-
term babies. During pregnancy, maternal liver metabolizes and
excretes fetal bilirubin because the fetal liver cannot adequately take
up, conjugate, and excrete bilirubin. The destruction of fetal RBCs
immediately after birth, which occurs physiologically, overburdens
the neonatal liver, resulting in unconjugated hyperbilirubinemia.
Exposure to light can enhance conjugation of bilirubin in the new-
born and is used to treat severely jaundiced babies.

Cholestatic jaundice occurs due to an obstruction of bile flow.
Obstruction of the biliary system can occur at various levels. It is con-
sidered to be either intrahepatic or extrahepatic.

Intrahepatic obstruction can be caused by fibrosis, tumors, or
destruction of intrahepatic bile ducts as in primary biliary cirrhosis.
Extrahepatic obstruction may be caused by stones in the common
bile duct, tumors, or fibrotic scars. Long-standing biliary obstruction
induces periportal hepatic fibrosis, which may induce secondary bil-
iary cirrhosis.
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Hepatitis usually results from infection with one of several of
hepatotropic viruses (labeled hepatitis viruses A through E,
known as HAV, HBV, HCV, HDV, and HEV). Other viruses such as
Epstein-Barr virus and herpesvirus are less common causes. Yel-
low fever is an important viral cause of liver failure in the tropics,
but is uncommon in the United States. It is important to note the
following:

* In clinical practice, the term wviral hepatitis comprises diseases
caused by five viruses (HAV, HBV, HCV, HDV, and HEV), but
new viruses are added to this list each year.

* All viral hepatitides have four phases: (1) incubation phase,
which varies from 2 to 26 weeks; (2) preicteric phase, character-
ized by nonspecific symptoms; (3) icteric phase; and (4) recov-
ery phase. -
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¢ HAV and HEV infections are acquired by the oral route, whereas
other viruses (e.g., HBV, HCV, and HDV) are transmitted by blood
or body fluids on close body contact such as sexual intercourse.

e HAV and HEYV, in contrast with other viruses, do not cause
chronic hepatitis or a carrier state.

® Vaccines have been developed for HAV and HBV.

Pathologic changes caused by hepatotropic viruses are remark-
ably similar. These changes include ballooning degeneration and
focal apoptotic cell death of hepatocytes in the form of acidophilic
bodies; lobular disarray; hyperplasia of Kupffer cells; and inflam-
matory cells, mostly lymphocytes and macrophages in portal tracts
and the lobule. Regeneration of hepatocytes is common. Fibrosis
is inconspicuous and is usually limited to the portal tract in pro-
tracted disease. Infection with HBV and HCV can cause chronic
hepatitis characterized by fibrosis, widening of portal tracts, and
formation of fibrous septa that extend into the lobules. Extensive
fibrosis combined with massive distortion of the liver architecture
and formation of hepatocellular nodules is called cirrhosis.

Hepatitis A

HAYV is an RNA virus belonging to the small picornavirus class. It is
spread by the fecal-oral route, and infections tend to occur in epi-
demic outbreaks, especially in underdeveloped countries, where it
typically affects children. In the United States, the infection is usu-
ally subclinical as evidenced by the fact that 50% of 50-year-old
adults have antibodies to HAV, although they have no recollection
of an episode of hepatitis. The virus appears to be directly cytotoxic
to liver cells. Most of the symptoms are nonspecific, such as malaise
and fatigue. Jaundice is mild but associated with bilirubin in urine.
Liver function test results are abnormal. There is a short incubation
period (~3 weeks), and the disease is usually mild. Massive or sub-
massive liver necrosis (fulminant hepatitis) is rare (1:1,000). Anti-
bodies appear first as IgM and then within 4 to 6 weeks of infection,
IgM is replaced by IgG, which lasts a lifetime. HAV does not cause
chronic liver disease, and there are no HAV carriers.

Hepatitis B

HBYV is a DNA hepadnavirus. The virus consists of a DNA core, a
DNA polymerase protein and a related protein known as the E ant-
gen, and a capsule that contains the surface (S) antigen. The trans-
mission is usually by blood, intimate contact, or exchange of bodily
fluids. HBV was formerly related to blood transfusion; routine
screening has aided in its elimination as a transfusion-related
pathogen. The incubation period is longer than hepatitis A and lasts
approximately 2 to 3 months. In addition to acute self-limited hepati-
tis, HBV can cause fulminant liver failure (<1%) or chronic hepatitis
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(5% to 10%). Approximately 0.1% to 1.0% of all blood donors world-
wide are asymptomatic carriers. Chronic hepatitis can lead to cirrho-
sis, which may be complicated by hepatocellular carcinoma.

Hepatitis C

HCV is an RNA flavivirus and is transmitted by blood or body fluids
during close contact such as sexual intercourse. In approximately
40% of cases, the mode of infection cannot be established. The infec-
tion usually causes mild hepatitis, which is often asymptomatic. Nev-
ertheless, the virus may persist and more often than any other viral
infection, it may cause chronic hepatitis, estimated to occur in 50%
of infected persons. Cirrhosis develops in 50% of those with chronic
hepatitis, some of whom also develop hepatocellular carcinoma.

Hepatitis D (Delta Agent)

HDV is a replication defective RNA virus that requires hepatitis B as
a helper for replication in human liver cells. Infection may be a coin-
fection with HBV or superimposed on chronic HBV infections or
asymptomatic HBV carriers. Coinfection seems to carry greater mor-
bidity and mortality, whereas superinfection leads to a higher inci-
dence and severity of chronic hepatitis. HDV is most prevalent in
HBV-infected persons in Africa; for an unknown reason, it is not
common in Japan and China. In the United States, HDV is relatively
rare and restricted to HBV-infected drug addicts and hemophiliacs.

Hepatitis E

HEV is an RNA virus causing sporadic outbreaks of mild hepatitis in
children similar to hepatitis A. It is known to occur worldwide and is
endemic in India, Africa, and Mexico. Travelers to these areas may
become infected by the oral route. HEV infection is not associated
with chronic hepatitis or a carrier state.

Bacteria may reach the liver through the bile ducts and cause
ascending cholangitis or hematogenously and cause liver abscesses.
Bacteria traveling through the portal vein originate in the intestines.
Previously, liver abscess was an important complication of acute
appendicitis. Today, it is a complication of inflammatory bowel dis-
ease. Hematogenous abscesses of arterial origin are a complication
of systemic bacteremia.
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PARASITIC AND PROTOZOAL LIVER DISEASES

Parasitic infections of the liver are more common in the tropics than
in the United States. Important pathogens are Schistosoma manson,
Schistosoma japonicum, Echinococcus granulosus, and Opisthorchis sinen-
sis. Entamoeba histolytica is the most important protozoal pathogen.

TOXIC HEPATITIS

Toxic liver injury may be caused by a variety of exogenous sub-
stances or drugs. Some of these agents are direct hepatotoxins, mean-
ing they act on the liver without further modification. Other agents
are indirect hepatotoxins in that they require metabolic conversion
to a toxic compound. Predictable hepatotoxins are those that cause
liver cell injury in everyone in a dose-dependent manner. Aceta-
minophen is toxic if taken in large amounts. Unpredictable hepato-
toxins cause liver cell injury in only sensitive individuals who may
lack an essential enzyme or are allergic to that substance. Often the
cause of an unpredictable hepatotoxic reaction is not known (idio-
syncratic reaction). Many drugs belong to this group of hepatotoxins.
The common toxic responses in the liver are inflammation and
necrosis, indistinguishable from viral hepatitis. Some drugs cause
cholestasis or steatosis (fatty liver).

There are an estimated six million chronic alcoholics in the United
States. Alcohol causes three forms of liver injury: fatty liver, alcoholic
hepatitis, and cirrhosis.

Alcohol-induced fatty change occurs in anyone who drinks 80 to
90 g of alcohol per day. Fat accumulates in the liver due to an influx
of free fatty acids mobilized from fat stores, excessive hepatic syn-
thesis of triglyceride, failure of export in the form of lipoprotein,
and decreased breakdown (metabolism). Fatty liver causes no clini-
cal symptoms and is reversible.

Alcoholic hepatitis is an inflammation that develops in approxi-
mately 10% to 15% of chronic alcoholics. Alcohol is a zone 3 (peri-
central) toxin, causing direct liver cell injury evidenced as either
fatty change or ballooning degeneration and necrosis. The hepato-
cellular changes are associated with eosinophilic fibrillar cytoplas-
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mic aggregates known as alcoholic hyaline or Mallory bodies. These
bodies are composed of intermediate filaments (keratin). Damaged
cells disintegrate, provoking an intralobular acute inflammation
and fibrosis, which is most prominent around the centrilobular vein.
The portal tracts may show chronic inflammation, which occasion-
ally spills across the limiting plate.

Alcoholic hepatitis is usually diagnosed after a binge of heavy
drinking. The patient typically presents with an acute onset of
fever, malaise, and is usually very sick. Fever, leukocytosis, and
jaundice may be present. Women are slightly more often affected
than men.

Alcoholic cirrhosis is the end-stage liver disease that develops
in approximately 20% of chronic alcohol abusers. Although there
is a rough relationship between the dose of alcohol and duration
of consumption and severe liver injury, the exact pathogenesis of
alcoholic cirrhosis remains unknown. Factors that may play a role
include gender, race, individual susceptibility, and type of alcohol
consumed. The presence of other diseases such as diabetes melli-
tus, hemochromatosis, or chronic viral hepatitis may play a patho-
genetic role.

Cirrhosis

Cirrhosis is a synonym for end-stage chronic liver disease. The
architecture of the entire liver is altered, and the normal liver
parenchyma is replaced by nodules composed of regenerating
hepatocytes circumferentially surrounded by fibrous septa, which
contain the blood vessels and bile ducts. Parenchymal changes
alter the blood flow through the hepatic parenchyma and
impede excretion of the bile. All the functions of the liver are
affected, and unless the liver is replaced by a transplant, cirrho-
sis is lethal (Fig. 11-2).

Although alcohol abuse causes 60% to 70% of cirrhosis in the
United States, there are a number of other causes (Table 11-2). The
cause of cirrhosis remains undetermined in approximately 10% to
20% of cases (cryptogenic cirrhosis).

Morphologically, cirrhosis can be classified as micronodular, if
composed of small nodules measuring 5 to 10 mm in diameter, or
macronodular, if the nodules are larger. The nodules may be uni-
form or vary in size. Alcoholic cirrhosis is usually micronodular
and associated with fatty change of hepatocytes. If associated with
broad areas of scarring, cirrhosis is called postnecrotic, under the
assumption that it follows widespread liver necrosis caused by
virus, drugs, or toxins.

Pathogenetically, cirrhosis is classified as portal or biliary. Portal
cirrhosis results from liver cell injury by a virus, drugs, or toxins. Bil-
iary cirrhosis presents in two forms: primary and secondary biliary cir-
rhosis. Primary biliary cirrhosis begins as a disease of the small bile
ducts, which are destroyed by T-lymphocytes and macrophages.
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Benign Tumors of the Liver

The most common benign tumors of the liver are hemangiomas.
These small blood-filled tumors composed of capillaries are of no
clinical significance. Hepatic adenoma is a benign tumor com-
posed of liver cells. It is seen primarily in young women, especially
those taking oral contraceptives. Nodular hyperplasia is a hepatic
tumor-like lesion, which is also more common in young women.
Histologically, it is composed of liver cells arranged around a stel-
late fibrous scar. All of these benign lesions are usually asymp-
tomatic and are accidentally discovered by surgeons during
abdominal surgery or by radiologists during computed tomogra-
phy. Subcapsular hepatic adenomas may rupture and cause mas-
sive bleeding.

Malignant Tumors of the Liver

Hepatocellular carcinoma of the liver is one of the most prevalent
malignancies in humans. It is the most common tumor in sub-
Saharan Africa and parts of Asia. Hepatocellular carcinomas
almost always (90%) arise in cirrhotic livers and are often related
to HBV and HCV infection.

On gross examination, hepatocellular carcinoma may present as a
solitary mass, as multiple distinct nodules, or it may diffusely infiltrate
the cirrhotic liver. To some extent, hepatocellular carcinoma cells
resemble liver cells, but they are arranged in groups, acini, or solid
sheets and never form sinusoids lined by Kupffer cells. Tumor cells
invade hepatic veins and tend to metastasize hematogenously. Raised
serum o-fetoprotein is a useful serum marker of hepatocellular carci-
noma. Prognosis for these tumors is poor.

Cholangiocarcinoma is an adenocarcinoma of intrahepatic bile
ducts. It is less common than hepatocellular carcinoma, but it also
has a poor prognosis. Because the tumor has no distinctive features,
it is difficult to distinguish from metastatic adenocarcinomas, espe-
cially in small liver biopsy samples.

Hepatoblastoma is a rare tumor of infants and young chil-
dren. Histologically, it has a mixture of epithelial elements resem-
bling fetal liver and primitive mesenchymal tissues. Serum
o-fetoprotein is highly elevated in the blood. This tumor has a
poor prognosis.

Sarcomas of the liver are very rare. Hemangiosarcomas of the
liver have been causally linked to industrial exposure to vinyl
chloride and medicinal exposure to thorium dioxide (Thorotrast),
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a radioactive compound previously used as a radiographic con-
trast material.

Metastatic tumors in the liver are very common. Most often they
are derived from primary carcinomas of the gastrointestinal tract,
lung, or breast. Metastases present as multiple round tumor masses,
which often have a necrotic center.

The anatomy of the extrahepatic biliary system is quite variable,
and minor abnormalities such as duplications or cysts are common.
Agenesis of the gallbladder and atresia of extrahepatic biliary sys-
tem are uncommon. Extrahepatic biliary atresia is nevertheless the
most common cause of obstructive jaundice in infants. It requires
surgical treatment, and in some cases the only solution is trans-
plantation of the liver.

Cholelithiasis

Stones in the gallbladder and extrahepatic biliary system are
extremely common in the United States and the Western world,
affecting as many as 20% of adult men and 35% of women older
than 75 years of age. In the United States, each year more than one
million people undergo surgery for the removal of gallstones. The
majority of gallstones (>75%) in the United States consist of choles-
terol (cholesterol stones) and cholesterol mixed with calcium biliru-
binate (mixed stones). In Asians, stones primarily consisting of
calcium bilirubinate (pigment stones) are more common.

Gallstone formation is based on simple physical principles.
The mixture of bile secreted by the liver contains bilirubin, bile
salts (sodium and calcium salts of bile acids), cholesterol, and
lecithin in a precarious equilibrium. Factors that favor precipita-
tion of this metastable solution include increased cholesterol or
decreased lecithin and some nidus of particulate material around
which crystallization can occur. The human factors that seem to
favor cholelithiasis include the five Fs: obesity (fat), female, fair
complexion, middle age (40s), and multiple pregnancies (fer-
tile). Most gallstones are clinically silent. Irritation of the gall-
bladder causes cholecystitis. Gallstones impacted in the neck of
the gallbladder or in the cystic or common ducts may cause colic.
Such attacks of pain are often produced by a fatty meal. Obstruc-
tion of the cystic duct may cause hydrops of the gallbladder.
Obstruction of the common bile duct by a stone may cause jaun-
dice (Fig. 11-4).
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Chronic cholangitis is, in most instances, a complication of gall-
stone disease and can be traced to an ascending bacterial infection.

Primary sclerosing cholangitis is a relatively rare fibrosis of the
extrahepatic and intrahepatic bile ducts associated with inflamma-
tory bowel disease, particularly ulcerative colitis. It most often occurs
in male subjects and can lead to secondary biliary cirrhosis.

Tumors of the Biliary System

Benign tumors rarely occur in the extrahepatic biliary system and
gallbladder. Most are epithelial tumors such as a papilloma or
mucous gland adenoma.

Malignant neoplasms are most frequently found, in decreasing
order, in the gallbladder, periampullary region of the common duct,
common duct proper, and cystic and hepatic ducts as they approach
the liver. All these tumors are adenocarcinomas.

Adenocarcinoma of the gallbladder represents approximately 5%
of gastrointestinal malignancies. It is also more frequent in women
and is strongly associated with gallstones. By the time it produces
symptoms, it usually has spread to regional nodes or by direct exten-
sion to the liver. Prognosis is poor, with a 5-year survival rate of <5%.

Adenocarcinomas of the common bile duct are most often
located in the periampullary region and usually present as jaundice.
They have an approximately 35% overall 5-year survival rate, reflect-
ing the fact that these tumors become symptomatic early when they
can be treated by total resection.
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thrombophlebitis (Trousseau syndrome) is associated with a release
of tissue thromboplastin or enzymes that promote coagulation.
X

Islet Cell Tumors

Pancreatic endocrine tumors are rare. Most tumors are hormonally
active and produce well-defined hormonal syndromes. Accordingly,
they are called glucagonomas, insulinomas, somatostatinomas, and so
forth. Insulinoma is the most common endocrine tumor. Most insuli-
nomas (90%) are benign, but 10% are malignant. In contrast, 60% to
80% of other islet cell tumors are malignant. Most islet cell tumors
occur randomly unrelated to other diseases, but some are found in
the context of familial multiple endocrine neoplasia syndrome.

Alpha cell tumors (glucagonomas) are associated with a syn-
drome consisting of anemia, mild diabetes, and a necrotizing rash,
especially of the lower body.

Beta cell tumors (insulinomas) produce a syndrome of sweating,
severe hypoglycemia, hunger, and nervousness. Mental confusion
may be evident and may progress to coma.

Delta cell tumors (somatostatinomas) are exceedingly rare and
are rarely diagnosed before they are discovered at laparotomy. The
syndrome includes mild diabetes, cholelithiasis, malabsorption-like
symptoms, and steatorrhea. Hypochlorhydria may be present.

Delta, cell tumors (VIPomas) produce a syndrome called the
Verner-Morrison or WDHA syndrome, consisting of watery diarrhea,
hypokalemia, and achlorhydria.

Pancreatic gastrinomas cause Zollinger-Ellison syndrome. Hyper-
gastrinemia produces peptic ulcers, which are often multiple and resis-
tant to the usual medical treatment and which may occur in unusual
locations such as the jejunum or Meckel diverticulum. Approximately
50% of patients have diarrhea.

 DIABETES MELLITUS

Diabetes mellitus is a disorder of intermediate metabolism of carbo-
hydrates, lipids, and proteins related to insulin deficiency, insulin
resistance, or both. Hyperglycemia accompanied by glucosuria is
always present. It occurs in two forms: insulin-dependent diabetes
mellitus, or type I, which is most frequent in juveniles, and
non-insulin-dependent diabetes mellitus, or type II, which occurs in
adults. Some ethnic groups (e.g., Pima Indians) show a higher inci-
dence, whereas other groups (e.g., Eskimos) are rarely affected. Dia-
betes affects approximately 7% of the population of the United
States (15,000,000), of whom approximately 15% have type I dia-
betes and the remaining 85% have type II diabetes. '
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Figure 12-2.
Pathogenesis of diabetes mellitus. (IDDM, insulin-dependent diabetes mellitus;
NIDDM, non-insulin-dependent diabetes mellitus.)

Type I diabetes usually has an abrupt onset, but there is a pro-
dromal period that may last weeks to several years. Type I diabetes is
an autoimmune disease that results from B-cell destruction, but the
antigen triggering the response is uncertain. There is a substrate of
genetic susceptibility, with many patients having the class II histo-
compatibility complex DR-3 or DR-4. A candidate protein of approx-
imately 64 kD, which may be glutamic acid decarboxylase, has been
identified, and antibodies to glutamic acid decarboxylase are typi-
cally found in type I diabetes.

Type II diabetes is more complex and probably multifactorial.
There is a high concordance among twins, suggesting a hereditary
component. Affected individuals are usually obese, and their blood
sugar can be controlled by diet alone in <50% of cases. The patho-
genesis of hyperglycemia is complex, but it can be explained in
terms of inappropriate secretion of insulin, insulin resistance in fat
and muscle (two tissues most dependent on insulin for glucose
uptake), and decreased uptake and increased secretion of glucose
by the liver. The pathogenesis of diabetes is shown in Figure 12-2.
Table 12-1 compares type I and type II diabetes mellitus.

Complications of diabetes are the same for both groups, with the
exception that type II diabetics are unlikely to develop ketoacidosis but
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glomerulonephritis or renal tubular necrosis. It is most often a fea-
ture of shock, in which case it is of prerenal origin and related to cir-
culatory failure.

Chronic renal failure is the clinical equivalent of end-stage renal
disease. It is characterized by a number of metabolic disturbances
(uremia) resulting from incomplete excretion of waste products and
minerals in urine. These include elevated blood urea nitrogen, cre-
atinine, potassium, and phosphate (Fig. 13-1).

Developmental disorders of the kidneys and ureters are common
(2% to 3% of all people have them), but most often they are asymp-
tomatic and of limited clinical significance. The best examples are
ectopic kidneys (i.e., kidneys located outside of their normal loca-
tion), double ureters, horseshoe kidney, and unilateral renal
hypoplasia or renal agenesis, which are all usually discovered by
chance. Bilateral renal agenesis (Potter syndrome) is a rare disease
incompatible with life.

Cystic Diseases of the Kidney

Cystic diseases of the kidney are relatively common and account
for a considerable number of renal disorders from childhood to
adulthood. Several distinct entities are recognized, the most
important of which are autosomal dominant adult polycystic kid-
ney disease, autosomal recessive childhood polycystic kidney dis-
ease, and cystic renal dysplasia.

Autosomal dominant polycystic kidney disease occurs at a rate of
1:1,000 and accounts for approximately 10% of all patients on
chronic renal dialysis or renal transplantation services. Approxi-
mately 90% of cases are caused by a mutation of the autosomal dom-
inant polycystic kidney disease 1 gene on chromosome 16. The
disease is always bilateral. Cystic dilatation of renal tubules leads to
formation of fluid-filled cysts, which cause tremendous enlarge-
ment of the kidneys, which could weigh as much as 3,000 g (normal,
150 to 200 g). Symptoms of renal insufficiency begin appearing in
the fourth decade of life, progressing steadily to uremia, which
develops approximately 10 years later. Cystic dilatation of intrahep-
atic bile ducts (polycystic liver disease), which is usually asympto-
matic, is found in approximately 50% of patients. Berry aneurysms
of the circle of Willis are found in approximately 20% of patients,
those at risk of intracranial hemorrhage, especially because many
have hypertension.
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glomerulonephritis of adults has a less favorable prognosis than when
the disease occurs in children, and the cases that occur at random have
a worse prognosis than those that occur in a seasonal epidemic form.

Clinically, postinfectious glomerulonephritis resembles the disease
that follows strep throat. It may be a complication of bacterial infec-
tions such as staphylococcal respiratory tract infection but also of
malaria or toxoplasmosis. Bacterial endocarditis may be complicated
by glomerulonephritis. These patients have circulating immune com-
plexes that deposit in the glomeruli and produce glomerulonephritis.

Membranoproliferative glomerulonephritis is an uncommon dis-
ease, but still accounts for approximately 10% of all glomerular dis-
eases. It may be primary (i.e., without an obvious cause) or secondary
to a systemic disorder. It occurs in two forms, type I and type II, which
can be distinguished from each other on the basis of immunofluo-
rescence microscopy and electron microscopic findings. By light
microscopy, both types show the same changes, which include mesan-
gial widening and hypercellularity and reduplication of basement
membranes due to new GBM formation (“tram track appearance” of
GBM). This immune-mediated disease has a slowly progressive
course and does not respond to corticosteroid treatment.

In 75% of cases, SLE is accompanied by renal disease. Clinically,
these patients may have only mild proteinuria and hematuria or a
full-blown nephrotic syndrome. Most have signs of glomeru-
lonephritis, both clinically and on renal biopsy. Glomerular changes
can be pathologically graded on a scale from I to V. Grade I implies
no glomerular changes; II is associated with mesangial cell prolifera-
tion; III is focal proliferation and obliteration of capillaries; IV is dif-
fuse proliferation; and V is equivalent to membranous nephropathy.
All forms of glomerulonephritis of SLE respond well to treatment
with corticosteroids or cyclophosphamide, except type V, in which
the symptoms of nephrotic syndrome persist despite treatment.

Rapidly Progressive Glomerulonephritis

Rapidly progressive glomerulonephritis is a term used to describe a
group of diseases that causes severe glomerular injury and presents
as crescentic glomerulonephritis. In such cases, the GBM is usually
disrupted, and the inflammatory cells enter through the hole in the
GBM into the glomerular urinary space delimited by the Bowman
capsule, surrounding and compressing the glomerular capillary tuft
like a crescent. This type of glomerular injury typically results in olig-
uria and even anuria, which develops over several weeks, reflecting
massive loss and destruction of glomeruli.

Rapidly progressive glomerulonephritis can be caused by a num-
ber of diseases (Table 13-1). In some, such as Goodpasture syn-
drome or Wegener granulomatosis, crescentic glomerulonephritis is
the usual renal presentation of the disease. Crescentic glomeru-
lonephritis may occur in the course of SLE or membranoprolifera-
tive glomerulonephritis, but this is rare. Similarly, it is only 1% of all
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Figure 13-3.

Pathogenesis of oliguria in tubular necrosis. (GFR, glomerular filtration rate.)

Metabolic diseases that affect the kidney are legion, but the
most important of these is diabetes mellitus. Diabetes may affect
glomeruli, as mentioned previously, or blood vessels and tubules.
[t also predisposes to infections and is the most important cause of
papillary necrosis. Deposits of uric acid in gout and deposits of
Bence Jones protein or amyloid in multiple myeloma are impor-
tant causes of tubular injury in these diseases. Metabolic diseases
also lead to formation of renal stones, which may cause obstruc-
tion of the urine outflow tract (hydronephrosis), which predis-
poses to infections.

Acute Tubular Necrosis

Acute tubular necrosis (ATN) is a clinicopathologic syndrome char-
acterized by widespread necrosis of renal tubules and a loss of renal
function, which can be relatively mild and reversible or severe and
potentially lethal (Fig. 13-3). ATN is the most common cause of renal
failure of sudden onset. It can be caused by ischemia or toxins.
Ischemic ATN is common and is found in almost all conditions that
cause renal hypoperfusion, such as hypotension due to cardiac failure,
hypovolemic shock due to massive blood loss, or peripheral blood
pooling in endotoxic shock. Toxic ATN occurs after ingestion of tox-
ins such as carbon tetrachloride, organophosphorous compounds, or
heavy metals such as mercury. Renal failure that develops quickly is
marked by low urinary output (oliguria) and metabolic disturbances
(e.g., hyperkalemia), which may last several days and, if not treated,
may be lethal. With proper treatment (dialysis), patients overcome the
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initial crisis, and if the renal tubules are given sufficient time to regen-
erate, most fully recover. The regenerative phase is characterized by
polyuria and hypokalemia, which must be treated appropriately.

Stones may form under a variety of conditions in any part of the
urinary system, but are found most often in the renal calices and
pelves. It is estimated that 5% to 10% of all adults will have renal
stones sometime during their life, but in some families and in cer-
tain conditions, such as gout or chronic intestinal diseases, the
likelihood is much higher. Male subjects are affected more often
than female subjects. Chemically, the urinary stones can be classi-
fied into four major groups: calcium, struvite, uric acid, and cys-
tine. Approximately 75% of stones are composed of calcium salts,
mostly oxalate, phosphate, or both. Such stones typically develop
in patients who excrete calcium in high amounts without a well-
understood reason. Only 5% of these hypercalciuric patients have
hypercalcemia. Excess excretion of uric acid (hyperuricosuria) is
found in approximately 20% of patients with calcium stones and is
yet another risk factor. Urinary tract infection makes the urine
alkaline, which predisposes to the formation of magnesium,
ammonium, and phosphate calcium stones. These struvite stones
may resemble antlers and are often called staghorn calculi. Pure
uric acid stones are found in patients with hyperuricemia and
gout. In approximately 50% of cases, there is no hyperuricemia;
why uric acid stones are formed is not known. Cystine stones are
found in cystinosis. Calcium stones are visible on radiography,
whereas those composed of uric acid and cystine are not dense
enough to be seen. Urinary stones may cause colic or hydro-
nephrosis by obstructing the ureter. Like any other obstruction,
stones predispose to infection.

Renal tumors can originate from tubular cells, stromal cells, vascu-
lar cells, or the epithelium of the pelvis. The most important tumors
are renal cell carcinoma, nephroblastoma, Wilms tumor, and transi-
tional cell carcinoma of the renal pelvis.

Renal cell carcinoma is the most common malignant tumor of
the adult kidneys. It accounts for approximately 2% of all human
visceral tumors (Fig. 13-4). It is more common in men (3:1) and
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Figure 14-2.

Histogenesis of germ cell tumors. Intratubular testicular neoplasia (ITTN) is con-
sidered to be a precursor of seminomas and all nonseminomatous germ cell
tumors (NSGCTs) of the adult testis. Yolk sac tumors of infancy, teratomas of
childhood, and spermatocytic seminomas have a different histogenesis. These
tumors do not originate from ITTN and are most likely derived from activated
germ cells that have not undergone malignant transformation. This could account
for the benign nature of these tumors.

(e.g., embryonal carcinoma, choriocarcinoma, or yolk sac carcinoma)
or stem cells corresponding to embryonal carcinoma cells and various
somatic tissues (e.g., skin, brain, bone) admixed with choriocarci-
noma and yolk sac carcinoma cells. When all of these elements are
combined and found in a single tumor, such as NSGCT, it is then
called teratocarcinoma.

Embryonal carcinoma is composed of cells that resemble undiffer-
entiated embryonic cells from early stages of development. In teratocar-
cinomas, they differentiate (like normal embryonic cells) into other
tissues. Yolk sac carcinoma cells resemble those in the yolk sac, a tempo-
rary extraembryonic structure that is attached to the embryo until week
16 of pregnancy, involuting thereafter. Like the normal yolk sac, yolk sac
carcinoma cells secrete into the blood ofetoprotein (AFP), which can
serve as a tumor marker. Choriocarcinoma is composed of cells resem-
bling trophoblast of the placenta: mononuclear cytotrophoblastic and
multinuclear syncytiotrophoblastic cells. Like the normal placenta, these
cells secrete human chorionic gonadotropin (hCG), which is yet another
tumor marker. Teratocarcinomas, the most common form of NSGCT,
contain both yolk sac carcinoma and choriocarcinoma cells; thus
patients with such tumors have elevated serum AFP and hCG.
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Figure 15-1.
Histogenesis of ovarian tumors. Tumors can originate from the surface epithe-
lium, germ cells, sex cord cells, and nonspecific stroma.

comas occur in older women who have only a 40% 5-year survival rate.
Histologically, they resemble leiomyomas, but generally the tumor
cells show more pleomorphism and many more mitoses. Malignant
transformation of leiomyomas is extremely rare.

Tumors of the Ovary

Clinicopathologically, it is important to note that ovarian tumors are a
heterogeneous group, in contrast to tumors of other parts of the female
reproductive system, which are histologically monomorphous. Histo-
logic classification and grading of tumors has prognostic significance.

Malignant ovarian tumors account for 20% of gynecologic can-
cer and 50% of mortality from gynecologic cancer. This high mor-
tality reflects the inability to diagnose ovarian cancer early and to
treat the established cancer effectively.

Pathogenetically, the ovarian tumors can be classified according
to their cell of origin into four groups: tumors of epithelial surface
epithelium, germ cell tumors, sex cord cell tumors, and nonspecific
stromal cell tumors (Fig. 15-1).

Surface epithelial cell tumors include serous and mucinous cystic
tumors, endometrioid adenocarcinoma, clear cell carcinomas, and
Brenner tumors. These tumors have been compared histologically
with the epithelium derived from millerian ducts: Serous tumors cor-
respond to the epithelium of fallopian tubes, mucinous to endocervi-
cal epithelium, and endometrioid to endometrial epithelium.

Serous and mucinous tumors are cystic, and their cysts contain
either serous clear fluid or mucus. Histologically, these tumors are
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ease of the breast. The so-called fibrocystic change is actually more
common, but should be considered an age-related phenomenon
rather than a disease. Developmental and inflammatory breast
lesions are rare. Agenesis of a breast or multiple breasts (polymastia)
are rare developmental disorders.

Acute mastitis is a bacterial infection that typically affects the
breast during lactation. Incomplete evacuation of the milk and
minor skin trauma caused by the suckling (fissures of the nipple)
predispose to bacterial invasion. The disease presents with redden-
ing and swelling and pain, usually relieved by milking. Breast
abscess, the most serious complication of acute mastitis, requires
antibiotic therapy and occasionally even surgical incision.

Fibrocystic Change

The term fibrocystic change includes a series of gross microscopic
changes related to the cumulative effects of aging and cyclic hormonal
changes affecting the epithelium and stroma of the adult female
breast. Typically, the changes are bilateral and produce irregular nodu-
lar (bead-like) lumps and fibrotic thickening of the breast parenchyma,
which is more prominent and often painful prior to menstruation.

Fibrocystic change is found in approximately 50% of women
over the age of 40. It is the most common histologic diagnosis on
breast tissue biopsies. Histopathology of the fibrocystic change is
characterized by a mixture of epithelial and stromal changes, men-
tioned previously. It is important to distinguish simple fibrocystic
change (80%), which consists of fibrosis and cysts, from proliferative
fibrocystic change (20%), which shows prominent intraductal pro-
liferation. These epithelial cells may acquire atypical features and
progress to cancer in 3% to 5% of cases.

Fibroadenoma

Fibroadenoma is a benign tumor composed of proliferated ducts
and intralobular stroma. It is the most common tumor in young
women, with a peak incidence in the 20- to 25-year-old age group.
Giant fibroadenomas are called phyllodes tumors. Ordinary fibro-
adenomas are always benign. Phyllodes tumors are most often
benign, but may also be low-grade malignant.

Carcinoma of the Breast

Breast carcinoma is the most common female malignancy. One of
every 12 women can expect to develop breast cancer during her
lifetime. Breast cancer accounts for 20% of cancer deaths in the
United States. The prognosis depends on the stage of the tumor at
diagnosis. Only the small tumors recognized by systemic screening
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Figure 15-3.
Breast carcinoma. Tumors originate from ductal or lobular cells.

70% of all breast carcinomas. Such tumors are composed of atypical
ducts and produce a strong desmoplastic reaction (scirrhous carci-
noma), which accounts for their firm consistency (rock hard, gritty
on sectioning) and puckering of the overlying skin (peau d’orange)
or the inversion and retraction of the nipple. The invasive lobular
carcinoma has the same gross features and prognosis (Fig. 15-3).
Intraductal carcinoma is not invasive and therefore has a better
prognosis. It may be present as comedo or papillary type. In comedo-
type carcinoma, the ducts are filled with tumor cells that undergo
necrosis centrally and can be expressed from the large ducts of the nip-
ple as comedo (skin blackheads). Papillary carcinomas grow within the
large duct and cause bleeding. The detached papillae can be recog-
nized in cytologic smears of the material expressed from the nipple.
Variants of ductal carcinoma are less common. Medullary carcinoma is
composed of solid nests of tumor cells. Mucinous carcinoma is com-
posed of mucus-secreting cells, which seem to be floating in the sea of
extracellular mucus. Medullary and mucinous carcinomas contain
scant connective tissue and are therefore soft. Both portend a better
prognosis than the infiltrating duct carcinoma, not otherwise specified.
Tubular carcinoma is composed of well-differentiated tubules infiltrat-
ing the breast parenchyma. Despite its invasiveness, this cancer has an
excellent prognosis. Paget disease is a form of breast cancer that origi-
nates in the ducts and spreads intraductally to invade the skin of the
nipple. Itis an invasive cancer and thus has an unfavorable prognosis.
Lobular carcinoma differs from ductal carcinoma regarding only
its primary site of origin. In the preinvasive form (lobular carcinoma
in situ), which cannot be palpated and is discovered only by biopsy,
the tumor cells fill the lobules but do not invade the surrounding tis-
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Features of hyperthyroidism. (TSH, thyroid-stimulating hormone; T,, triiodothyro-
nine; T,, thyroxine.)

ltching

Diarrhea

tongue to the isthmus of the thyroid. The cysts are lined with squamous

or respiratory-type epithelium attached to atrophic thyroid follicles.
Agenesis of the thyroid due to failure of embryonic induction

occurs at a rate of 1 per 4,000. It results in congenital hypothyroidism.

Hyperthyroidism

Hyperthyroidism due to hyperfunction of the thyroid is most fre-
quently observed in women. Serum triiodothyronine (T,) and thy-
roxine (T,) levels are elevated. Clinical features include nervousness,
heart palpitations, rapid pulse, fatigability, weight loss in spite of
good appetite, muscular weakness, and diarrhea. In addition, heat
intolerance, excessive perspiration, warm skin due to peripheral
vasodilation, and increased blood flow are observed. Finally, emo-
tional lability, irregular menses, fine tremors of the hand, retraction
of the upper eyelid yielding a stare, and proptosis due to inflamma-
tion of the retro-orbital tissues are prominent features, along with
cardiomegaly due to increased workload (Fig. 16-2).

Graves disease is the most common cause of hyperthyroidism
(85%), whereas toxic multinodular goiter and toxic adenoma
account for the remaining 15%. In Graves disease, the entire thyroid
is diffusely enlarged, hyperemic, and warm on palpation. In toxic
multinodular goiter, the thyroid consists of numerous nodules that
vary in size and shape. Toxic adenoma is usually a solitary nodule
encased in the gland, which is of normal size.
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Figure 16-3.
Features of hypothyroidism. (TSH, thyroid-stimulating hormone; T, triiodothyro-
nine; T,, thyroxine.)

Hypothyroidism

Hypothyroidism manifests itself as a hypometabolic state caused by
structural or functional changes that reduce or impair the normal
output of thyroid hormone. Approximately 60% to 70% of all
cases are assumed to be autoimmune. Perhaps, in these patients, the
autoantibodies to thyroid-stimulating hormone (TSH) receptors
inhibit proper stimulation of the thyroid. In some cases, the disease
begins as Hashimoto thyroiditis, which destroys the thyroid parenchyma
and then burns out. Other cases present as end-stage atrophic thyroidi-
tis, the nature of which cannot be deciphered with certainty. Most other
cases are iatrogenic and related to surgical resection or radiation of the
thyroid. Hereditary defects of hormone biosynthesis, iodine deficiency,
and certain drugs, such as lithium, may interfere with thyroid hormone
synthesis. Finally, pituitary or hypothalamic lesions interfering with TSH
secretions may cause the same clinical symptoms. All of these conditions
are rare (Fig. 16-3).

Cretinism is a term used to denote mental retardation caused by
hypothyroidism of infancy. This condition can be endemic in areas
where there are dietary deficiencies of iodine, or it can be sporadic
in the face of congenital developmental defects of the thyroid or
biosynthetic defects affecting thyroxin. It is associated with physical
and mental retardation. Individuals have dry, rough skin; widely set
eyes with periorbital edema; a flattened, broad nose; and an exces-
sively large tongue that protrudes from the mouth.

Myxedema is the name for the clinical syndrome caused by
hypothyroidism in adults. Initially, the disease is characterized by
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fatigue, lethargy, and cold intolerance, but as it progresses, it affects
the speech and intellectual functions. Eventually, there is periorbital
edema, the tongue is enlarged, the skin becomes thick and dry, and
peripheral edema occurs, characterized by doughy thickening of
the skin, which is resistant to pitting. The edema of the eyes and skin
is due to accumulation of hydrophilic mucopolysaccharides in con-
nective tissue. Similar changes occur in the heart, which becomes
dilated and flabby (myxedema heart). Constipation, due to
decreased peristalsis, is a common complaint. Reproductive func-
tion may be affected.

Thyroiditis
Thyroiditis can be divided into two major groups: infectious, which is
rare, and immune mediated, which is common. Infectious thyroiditis
may result from hematogenous or local spread of bacteria such as
Staphylococcus, Streptococcus, and Salmonella, or fungi such as Candida,
Aspergillus, and Mucor. Some forms of thyroiditis are presumably of
viral origin. Riedel fibrous thyroiditis (Riedel struma), characterized
by thyroid atrophy and fibrosis with adhesions to adjacent structures,
is considered to be idiopathic. Immune-mediated thyroiditis accounts
for most cases encountered in clinical practice."t occurs in several
forms, the most important of which are Hashimoto thyroiditis, sub-
acute granulomatous thyroiditis, and chronic lymphocytic thyroiditis.
Hashimoto thyroiditis is an autoimmune disease in which the
immune system produces antibodies to thyroid antigens. It is the most
common identifiable cause of hypothyroidism in the United States. It
is characterized by either a goiterous enlargement or, less often, an
atrophy of the thyroid. Patients’ serum contains many autoantibodies
such as those to thyroglobulin and TSH. Autoantibodies to thyroid
peroxidases are considered most important because they seem to
destroy thyroid follicles or inactivate thyroid cells, transforming them
into eosinophilic Hiirthle cells. Histologically, the thyroid gland in the
goiterous form is characterized by marked infiltrates composed of
lymphocytes, plasma cells, and macrophages, sometimes arranged
into lymphoid follicles. Thyroid cells are lost, and many of the remain-
ing follicles are small, contain intensely staining colloid, and are lined
by Hurthle cells. In the atrophic form, the thyroid shows abundant
fibrosis, replacing the follicles with a less dense cellular infiltrate.
The disease is found predominantly in women, its incidence
increasing with age. Typically, the disease begins as a goiterous
enlargement of the thyroid, with slowly evolving signs of hypothy-
roidism. Serum levels of TSH are high and T, and T, levels are low.
Antibodies to thyroid peroxidase are present in high titer. In the
atrophic form, functional signs predominate: There is no thyroid
enlargement. On occasion, patients may present with hyperthy-
roidism, which subsides and then slowly progresses to hypothy-
roidism. Hypothyroidism can be treated effectively with thyroid
hormone-replacement therapy.

239









242

PATHOLOGY

decades of life. In addition, nontoxic nodular goiter is also associ-
ated with a highly increased risk, especially in endemic areas. Finally,
Hashimoto disease carries an increased risk of lymphoma and, to a
lesser degree, carcinoma. Important features of thyroid carcinomas
are summarized in Table 16-2.

Papillary carcinoma accounts for approximately 70% of thyroid
carcinomas. It is found most often in 20- to 50-year-old women. It
may be cystic or solid, encapsulated or invasive, and is often multi-
focal. Tumor cells tend to invade the thyroid parenchyma and lym-
phatics, leading toTegional lymph node metastasis. Cervical lymph
node metastasis is commonly present at the time of diagnosis, but
spread beyond this point is unusual. Histologically, tumor cells form
papillary structures, which may be intermixed with solid nests and
follicles. Tumor cells have clear hypochromic nuclei (“Orphan
Annie” or ground-glass nuclei), with nuclear grooves and invagina-
tions of cytoplasm, which appear as eosinophilic intranuclear inclu-
sions. Stromal calcifications (psammoma bodies) are common and
often diagnostic. Despite lymph node metastasis, the prognosis is
excellent for most papillary carcinomas. Some rarer variants of pap-
illary carcinoma, such as the tall cell form, have a less favorable
prognosis because these tumors invade blood vessels, resulting in
local and distant metastases.

Follicular carcinoma accounts for 20% of thyroid malignancies.
They are most often diagnosed in women in their fifth and sixth
decades. These tumors are often encapsulated, but the tumor cells
typically penetrate the capsule. Invasion of blood vessels is accom-
panied by distant metastases, most often to bone, lungs, and liver.
Histologically, the tumor cells form follicles and solid nests. Clini-
cally, follicular carcinomas present as slow-growing, painless thyroid
nodules that do not take up radioactive iodine (cold nodules).

Some tumors may take up radioactive iodine, which is often
used in the treatment of distant metastases. Prognosis depends on
the size of the primary tumor, the extent of capsular and vascular
invasion, and the degree of cellular differentiation. The overall 10-
year survival rate is 60%.

Anaplastic carcinomas account for 5% of thyroid malignancies.
They occur most frequently in the elderly and are more common in
areas of endemic goiter than in the United States. Histologically,
these tumors are composed of undifferentiated spindle, giant, or
small cells. Typically, tumors present as large lesions that grow
rapidly, enlarging the neck over a period of months. They metasta-
size widely. Death occurs usually within the first year of diagnosis
and is caused by invasion of trachea or distant metastases.

Medullary carcinomas of the thyroid are neuroendocrine neo-
plasms arising from C cells. Most secrete calcitonin, although they
may secrete a variety of other biologically active substances. Many
have an amyloid stroma, and approximately 20% to 25% are associ-
ated with multiple endocrine neoplasia (MEN) syndromes (types 2A
and 2B). Sporadic tumors occur in the fifth and sixth decades of life,
whereas those associated with MEN syndromes may be diagnosed
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even earlier. The sporadic tumors are usually confined to one lobe,
whereas the familial tumors are multicentric.

Histologically, tumors are composed of cells that are usually
arranged in solid nests separated by fibrovascular stroma, which
contains amyloid in 50% of cases. Electron microscopy reveals intra-
cytoplasmic membrane-bound neuroendocrine secretory granules
containing calcitonin and other polypeptide hormones. The biological
behavior of these tumors is highly variable. The familial medullary car-
cinoma syndrome has a good prognosis (90% 10-year survival rate); the
sporadic tumors are more aggressive (30% to 50% 10-year survival).

Parathyroid glands, which occur in two pairs, are yellow-brown nodules,
each measuring 5 to 8 mm or more in diameter and weighing 35 to 40
mg combined. The two superior glands are generally located close to
the upper posterior side of the thyroid. The inferior glands can be any-
where from the posteroinferior end of the thyroid to the mediastinum.
Approximately 10% of individuals only have two or three glands.

The principal diseases of the parathyroid glands include hyper-
parathyroidism and hypoparathyroidism.

Hyperparathyroidism

Hyperparathyroidism is classified as primary or secondary, depending
on its cause. Primary hyperparathyroidism is caused by parathyroid
lesions (e.g., adenomas, primary hyperplasia, and carcinomas) that
result in excess secretion of parathyroid hormone (PTH). Excess PTH
results in increased bone resorption and calcium mobilization from
bones, increased renal tubular resorption and retention of calcium,
increased gastrointestinal resorption of calcium due to increased renal
synthesis of 1,25-(OH),D, and decreased renal resorption of phos-
phates.

Adenomas account for 75% to 80% of the cases of hyperparathy-
roidism. They are generally solitary, causing an expansile growth of
one of the four glands, while the other three are of normal size. His-
tologically, they are composed of chief cells that, with some excep-
tion, appear normal. The enlarged gland contains no fat cells.

Primary hyperplasia accounts for 10% to 15% of cases of hyper-
parathyroidism. It may occur spontaneously or as part of the MEN
syndromes 1 and 2A. Classically, all four glands are involved and
show enlargement. Histologically, the hyperplasia may be diffuse or
nodular, and most often chief cells predominate. The cells are
arranged into solid nests or strands or gland-like structures. Stromal
fat cells are inconspicuous or absent.
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Features of hyperparathyroidism. (PTH, parathyroid hormone.) N P

Carcinomas of the parathyroids are rare, accounting for <6% of
cases of hyperparathyroidism. They usually involve one gland that is
enlarged and often attached to adjacent structures. Histologically,
the cells are most often well differentiated and arranged in nodular
or trabecular patterns. Local invasion and metastasis are the only reli-
able diagnoses of malignancy. Local recurrence occurs in approxi-
mately one-third of patients and distant metastasis in another third.
The prognosis for long-term survival is favorable.

Clinically, most cases of hyperparathyroidism occur in women in
their sixth decade and older. The disease may present with
nephrolithiasis, bone lesions (osteitis fibrosis cystica), pancreatitis,
peptic ulceration, headaches, seizures, and depression. Symptoms are
often nonspecific and include muscle weakness, fatigue, thirst or
polyuria, constipation, and anorexia. As many as half the cases may be
asymptomatic, and the diagnosis is based on the incidental finding of
hypercalcemia and hypophosphatemia. Immunoassays for measuring
serum PTH are essential for a definitive diagnosis. The clinical fea-
tures of hyperparathyroidism are summarized in Figure 16-4.

Secondary hyperparathyroidism is most often seen in patients
with chronic renal failure and, to a lesser degree, severe vitamin D
deficiency or osteomalacia. Renal failure causes phosphate reten-
tion and hypocalcemia, which stimulates synthesis of PTH and
hyperplasia of parathyroid glands. In addition, the renal disease may
contribute to a reduction in the synthesis of 1,25-(OH),D, which
leads to diminished calcium absorption by the small intestines. His-
tologically, parathyroid glands demonstrate stromal or nodular
hyperplasia, primarily of chief cells, with concomitant reduction of
stromal fat cells. Clinically, bone lesions are common, similar to
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those in primary hyperparathyroidism, and include osteitis fibrosa
cystica and osteomalacia.

Tertiary hyperparathyroidism is a term used to denote parathy-
roid adenomas that develop in patients with secondary hyper-
parathyroidism. These tumors show PTH secretion that does not
respond to normal inhibitory feedback.

Hypoparathyroidism

Hypoparathyroidism is most often a consequence of surgical removal of
parathyroid glands. Congenital absence or autoimmune disease are
less common causes. It is characterized by hypocalcemia, which typ-
ically causes increased neuromuscular excitability and muscle
spasm, causing irritability or depression. Despite hypocalcemia, cal-
cifications can occur in basal ganglia causing parkinsonism, eleva-
tions in cerebrospinal fluid pressure, and papilledema. Calcification
of the lens leads to cataracts. Cardiac conduction abnormalities are
also common. Diagnosis is established by demonstrating hypocal-
cemia and low serum PTH.

Pseudohypoparathyroidism is due to abnormal PTH receptor
complexes that fail to respond to PTH stimulation. Hypocalcemia is
observed concomitant with elevated levels of PTH.

)

The adrenal glands are located immediately superior to each kidney. In
the adult, each adrenal weighs approximately 4 g, although the glands
may weigh less due to the lipid depletion caused by stress or chronic ill-
ness. The adrenal glands are divided into the cortex, the source of cor-
ticosteroids, and medulla, which produces catecholamines. The cortex
is divided into three zones: zona glomerulosa, zona fasciculata, and
zona reticularis.

Adrenal cortical diseases can present as hypofunction or hyper-
function. Three distinct forms of hyperadrenalism are recognized:
Cushing syndrome, due to excess of cortisol; hyperaldosteronism,
due to excess of aldosterone; and adrenogenital syndrome, due to
excess of androgens.

Cushing Syndrome

Cushing syndrome may be caused by prolonged therapeutic use of
corticosteroids, adrenal adenoma or carcinoma, or by ectopic ACTH
secretion by nonpituitary tumors (Fig. 16-5).
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vated, it is important to determine whether it is of pituitary origin or
from a nonpituitary tumor. Radiography or computed tomography
(CT) of the sella turcica may be useful. If ACTH is low and the
patient is not being treated with corticosteroids, corticosteroids are
most likely secreted by an adrenal tumor, which is best localized by
CT or ultrasonography.

Primary Hyperaldosteronism

Primary hyperaldosteronism is caused by adrenal lesions that
secrete aldosterone independently of the renin-angiotensin sys-
tem. In this respect, it differs from secondary hyperaldosteronism, a
form of hypertension caused by renal diseases in which the hyper-
secretion of aldosterone is related to high renin release. Approxi-
mately 65% of cases are caused by a solitary aldosterone-secreting
adenoma (Conn syndrome), 30% of cases are caused by idiopathic
bilateral hyperplasia of the adrenals, and the remaining 5% are
related to rare diseases.

Aldosterone-secreting adenomas are generally solitary small
encapsulated nodules that are bright yellow on the cut surface.
Microscopically, they are composed of cells that are uniform in size
and shape and well differentiated. Adenomas are more common in
women than men. Bilateral hyperplasia is characterized by diffuse
and focal hyperplasia of cortical cells.

Clinically, hyperaldosteronism is characterized by hypertension,
which is accompanied by hypernatremia and hypokalemia resulting
from renal potassium wasting. Hypertension results from sodium
retention, which expands the extracellular fluid volume. Additional
findings include muscle weakness, paresthesias, and visual distur-
bances. Diagnosis of primary hyperaldosteronism is confirmed by
demonstrating elevated plasma levels of aldosterone concomitant
with depressed levels of renin. Adenomas are treated surgically, and
idiopathic bilateral hyperplasia is treated medically with aldos-
terone antagonists.

]

Congenital Adrenal Hyperplasia

Congenital adrenal hyperplasia is a group of inborn errors of
metabolism of corticosteroid hormones that presents in several
forms depending on the specific enzyme deficiency. The most
common is 21-hydroxylase deficiency, in which the patient cannot
form cortisol, aldosterone, or both. The intermediate cortico-
steroid metabolites are instead metabolized into androgens, which
cause virilization of external female genitalia. Lack of aldosterone
may result in excessive salt loss. The treatment includes cortisol,
which corrects most of the metabolic disturbances and suppresses
ACTH, thus reducing steroidogenesis and the production of
androgens.
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litis, which accounts for 70% of cases. Infections such as tuberculo-
sis, amyloidosis, and metastatic cancer are less common causes of
adrenal insufficiency, which develops only if more than 90% of the
total adrenal cortex is destroyed. Certain drugs (e.g., ketoconazole)
can also cause adrenal insufficiency.

Metastatic cancers to adrenals may cause Addison disease if bilat-
eral. Destructive metastases, which must be bilateral to produce
symptoms, are most often derived from carcinoma of the lungs,
breast, and stomach.

Clinically, Addison disease has an insidious onset, presenting
with a variety of nonspecific symptoms such as weakness, fatigue,
weight loss, anorexia, and nausea and vomiting. Muscle wasting and
hypotension are common, and the skin may show hyperpigmenta-
tion. Blood levels of cortisol and aldosterone and their metabolites
are low, whereas ACTH levels are elevated. Blood levels of sodium,
chloride, bicarbonate, and glucose are also low, whereas levels of
potassium are generally elevated. Adrenal stimulation with synthetic
ACTH, which typically causes an increase in the blood concentra-
tion of cortisol and aldosterone in normal people, does not produce
positive results in Addison disease. Generally, the condition is easily
treated with corticosteroids, which must be given for life.

Secondary adrenocortical insufficiency occurs because of
reduced ACTH output caused by hypothalamic and pituitary lesions
such as metastatic cancer, infection, infarction, and irradiation. Long-
term use of corticosteroids can also reduce the levels of circulating
ACTH by a negative feedback mechanism. In contrast to primary
adrenocortical insufficiency, there is no hyperpigmentation, because
ACTH, which acts as melanotrophic hormone, is not elevated. In sec-
ondary adrenocortical insufficiency, there is deficiency of cortisol and
androgens, but the production of mineralocorticoids is not affected
because the zona glomerulosa produces aldosterone, even without
ACTH stimulation. Consequently, hyponatremia and hyperkalemia
are not observ%d in secondary adrenocortical insufficiency.

Pheochromocytoma

Pheochromocytomas are tumors composed of well-differentiated
cells resembling those of the normal medulla. Like normal
medullary cells, tumor cells secrete catecholamines and can induce
hypertension. Approximately 90% of pheochromocytomas occur
sporadically, and the remaining 10% occur in familial syndromes.
Approximately 90% of pheochromocytomas are benign, and 90%
arise in the medulla of the adrenal (i.e., those arising in extra-
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adrenal paraganglia). The extra-adrenal tumors are more often
malignant than those found in the adrenals.

The tumors vary in size and shape, but most often they are encap-
sulated. They have vascularized fibrous septa dividing them into lob-
ules. On the cut surface, they are pale gray to brown but turn
brown-black when fixed in dichromate-containing fixatives due to
oxidation of stored catecholamines (chromaffin reaction). Micro-
scopically, several patterns are observed, but most often the cells are
arranged into groups surrounded by vascular stroma. Benign tumors
cannot be distinguished from the less common malignant tumors on
the basis of histology. Metastases from malignant tumors occur most
commonly in related lymph nodes, liver, lungs, and bones. Metas-
tases are the only proof that a pheochromocytoma is malignant.

Clinically, the sporadic neoplasms occur in adults and at the same
rate in men and women. However, the tumors of familial syndromes
arise in childhood and are found predominantly in male children.
Typical symptoms include headache, tachycardia, and sweating. Hyper-
tension is invariably present. It can be sustained with paroxysmal
attacks (33%), intermittent (33%), or sustained without the paroxys-
mal attacks (33%). When present, the paroxysms of hypertension can
be induced by emotional stress, exercise, change in posture, or palpa-
tion of the tumor. The sudden release of catecholamines elevates
blood pressure and may acutely cause congestive heart failure, pul-
monary edema, myocardial infarction, and even cerebral hemorrhage.

Diagnosis is established by measuring urinary catecholamines
and their metabolites, especially metanephrine and vanillylman-
delic acid. The localization of the tumor can usually be defined by
CT, magnetic resonance imaging, or ultrasonography.

Neuroblastoma and Ganglioneuroma

Neuroblastoma is a malignant tumor composed of undifferentiated
cells resembling the neuroblastic precursors in the fetal neural tube. It
accounts for approximately 15% of childhood cancer deaths and is one
of the most common solid neoplasms in children. Approximately 25%
to 356% arise in the adrenal medulla. The remainder occur anywhere in
the sympathetic chain, but particularly in the paravertebral region of the
posterior mediastinum. Histologically, the neoplasms are composed of
small undifferentiated cells with dark nuclei and little cytoplasm. Occa-
sionally neuroblastoma cells differentiate into ganglion cells, which may
be found scattered among the undifferentiated neuroblastic cells. Such
tumors are called ganglioneuroblastomas. Tumors composed of nondi-
viding sympathetic ganglion cells are called ganglioneuromas.
Clinically, most neuroblastomas are found primarily in young
children younger than 2 years of age. They present as large abdom-
inal masses, causing fever and possible weight loss. In older chil-
dren, they may not be diagnosed early because the tumors remain
asymptomatic until metastases have occurred. Symptoms include
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diseases, hypersensitivity reactions, or it may evolve for unknown rea-
sons. Exogenous eczema is classified as irritant contact dermatitis, usu-
ally caused by exposure to soil, dust, or chemicals in the workplace, or
allergic contact dermatitis, which develops after sensitization by spe-
cific allergens, such as gold rings or rubber gloves. Examples of
endogenous chronic dermatitis include

e Atopic dermatitis, a common skin disease of infants and chil-
dren, thought to be of allergic origin and related to adverse IgE-
mediated reactions to food and environmental allergens

* Seborrheic dermatitis, a disease of unknown origin presenting
with excessive dandruff, redness, scaling, and itching of the
hairy skin of the chest and intertriginous areas of adults

* Asteatotic chronic dermatitis (dry skin) that develops during the
winter, especially in the elderly

Chronic dermatitis can be treated successfully if the cause is
known. If the cause cannot be identified, the treatment is sympto-
matic and includes emollient creams and mild topical cortico-
steroid ointments.

Erythematous Scaly Eruptions

Eczema can be distinguished from several defined clinicopathologic
entities, which can be identified on the basis of typical clinical and
histologic features evident in skin biopsies. These diseases do not
have a known cause and are classified as idiopathic. The most com-
mon among them are psoriasis and lichen planus.

Psoriasis is a chronic disease of unknown etiology that presents
with recurrent eruptions of erythematous or silvery plaques and
scales. It affects approximately 2% of the total population. The
lesions, which are thought to originate because of the abnormally
rapid proliferation of basal epidermal cells, appear as pearly papules
most often on elbows, knees, the lower back, and scalp. Nails may be
igf:ived, and some patients suffer from psoriatic arthritis. Erup-
tions;-which are typically nonpruritic, appear without any obvious
reason, but occasionally they may be related to trauma, emotional
crisis, infections, and certain drugs such as lithium and B-blockers.
Histologically, the papules consist of thickened epidermis (acantho-
sis) showing extended projections into the dermis (papillomatosis)
and surface parakeratosis. In the parakeratotic surface layer, there
are microscopic abscesses (Munro abscess). The rete ridges contain
elongated thin-walled blood vessels, which can bleed if the surface
layer of the papule is scratched off.

Lichen planus presents with highly pruritic red papules on the
flexor sides of the extremities, genital organs, and mucous mem-
branes, especially in the mouth. Histologically, the lesions consist of
infiltrates of T-lymphocytes in the upper dermis invading the epi-
dermis and causing destruction of the basal layer. These histologic
findings suggest a possible immune mechanism. Occasionally, the
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Figure 17-1.
Bacterial infections of the skin.

eruptions are linked to an intake of certain drugs or exposure to
chemicals such as film developers. The lesions of lichen planus last
for a short period and then heal spontaneously.
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Bacterial Infections

Suppurative bacterial infections of the skin are extremely common
(Fig. 17-1). Such infections occur in all age groups and are caused
by a wide variety of pathogens. Bacteria usually enter skin through
small skin defects, cuts, or scratches. Impetigo is a superficial skin
infection typically caused by streptococci or staphylococci, present-
ing as superficial pustules and yellow crusts. It is most common on
the face and arms of children who tend to transmit the disease to
other children by close contact or hands. Furuncles are abscesses
within the confines of hair follicles, usually caused by the bacteria
Staphylococcus aureus. Confluent furuncles are called carbuncles
(boils). Suppurative infection of apocrine glands, most common in
the axilla and groin, is called hidradenitis suppurativa.

Erysipelas presents as redness of the skin overlying an infection
of the upper subcutis, usually caused by streptococci that spread
through the lymphatics. Cellulitis is an infection of the deep sub-
cutis extending into the adjacent soft tissues.

Chronic granulomatous dermatitis may be caused by Mycobac-
terium leprae or Mycobacterium tuberculosis, but such infections are rare
in the United States. Leprosy or tuberculosis present as induration
of the skin, often with destruction of underlying tissue and disfig-
urement. Gumma of the skin and condyloma latum are features of
secondary syphilis.



256

PATHOLOGY

Acne vulgaris is an inflammatory disease related to the obstruc-
tion of the pilosebaceous units. Acne predominantly affects teenagers;
however, in approximately 5% of women and men, the disease may
persist into adulthood. Most often the lesions appear on the face,
upper chest, and back. Pathogenetically, it is related to an infection
with anaerobic bacterium, Propionibacterium acnes, which thrives in
stagnant sebum. Hormonal influences, genetic predisposition, and all
drugs that stimulate the production of sebum promote the develop-
ment of lesions. Clinically, acne presents as seborrhea (greasy skin),
reflecting hypersecretion of sebum and comedos, which are stag-
nant sebum in hair follicles. Comedos are classified as open (black-
heads) or closed (whiteheads). Infection superimposed on seborrhea
and comedos leads to formation of pustules, which may become
confluent (acne conglobata). Deep infection may result in scarring.
Treatment with systemic or local antibiotics usually controls the
eruptions. In severe cases, retinoic acid creams and hormonal treat-
ment may be indicated.

Viral Infections

Viral infections of the skin may cause acute or chronic lesions. Many
common childhood viral diseases present with skin eruptions.

Measles cause a maculopapular rash. It appears 2 to 4 days after
the onset of fever, first on the face or behind the ears. The rash
spreads to the trunk and finally reaches the extremities, but then it
disappears without any consequences.

Varicella or chicken pox presents with vesicles, which appear
first 6n the face, scalp, or body. Later, the eruption extends to the
arms and legs. Unless the vesicles are scratched or infected, they
heal without residues.

Herpes simplex virus (HSV) infection causes vesicles in defined
anatomic sites. HSV-1 causes vesicles on the lips; HSV-2 causes geni-
tal vesicles; and herpes zoster causes eruptions of vesicles along spe-
cific somatic nerves (shingles). HSV-8 causes hemorrhagic lesions of
Kaposi sarcoma in homosexual male AIDS patients.

Human papillomaviruses cause warts, which occur in several
variants: common wart or verruca vulgaris, which occurs most often
on arms and legs; flat plantar warts; and large genital warts (condy-
loma acuminatum).

Fungal Infections

Fungal infections of the skin are classified as superficial or deep.
Superficial fungal infections are most often caused by dermato-
phytes (such as Trichophyton, Epidermophyton, or Microsporum spp.),
which live in the scales of the superficial epidermis. Typical infec-
tions are presented here:
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* Tinea capitis, found on the head and presenting as patches of
hair loss and scarring

* Tinea cruris (jock itch), found in the groin and presenting as
itchy scaly patches

* Tinea corporis (also known as ringworm), which appears as pale
patches with raised margins

* Tinea pedis (also known as athlete’s foot), which occurs between
the toes

Deep fungal infections caused by Blastomyces, Madurella, and sim-
ilar pathogens typically occur in the tropics and are rare in the
United States. Such lesions present as induration of the dermis and
may cause disfigurement or tissue destruction. Histologically, these
fungi cause a granulomatous reaction accompanied by suppuration.

Skin Diseases Caused by Insects

Insect-related skin diseases are most often caused by insect stings or
bites. Mosquitoes, ticks, chiggers, fleas, and lice all cause papillo-
macular, often indurated skin lesions, which are transient and rarely
have any consequences unless infected during scratching. Many
insects, however, transmit systemic diseases, which may appear weeks
or even months after their bites.
Scabies, a chronic skin infection caused by Sarcoptes scabiei and
capable of invading the deep epidermis, is characterized by migra- i
tory maculopapular rashes. It is transmitted by close body contacle.>

Skin is often exposed to foreign substances that may immunize the
body and cause a hypersensitivity reaction. Skin can be affected by
all four types of hypersensitivity reactions (Fig. 17-2).

Atopic dermatitis is an example of a type I hypersensitivity reac-
tion, mediated by IgE attached to mast cells. Binding of antigen to
IgE on the surface of mast cells triggers a release of histamine from
these cells, causing local increased permeability of the blood vessels,
edema, and itching. Pemphigus vulgaris is the best example of type
II or cytotoxic hypersensitivity reaction. It is a blistering disease
caused by cytotoxic antibodies that bind to the surface of ker-
atinocytes in the epidermis. Antibodies disrupt the cell-to-cell con-
tact junction, which leads to formation of intraepidermal vesicles
and bullae. Bullous pemphigoid is caused by a deposition of cyto-
toxic antibodies along the basement membrane of the epidermis.
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or poison ivy reactions, represent a cell-mediated type IV hypersen-
sitivity reaction.

Graft-versus-host reaction in patients who have received bone
marrow transplants is also mediated by T-lymphocytes derived from
the donor. The disease presents as extensive desquamation and
peeling of epidermis.

SKIN MANIFESTATIONS OF SYSTEMIC DISEASES

Many internal diseases present with skin lesions. Liver disease pre-
sents with spider nevi and palmar erythema. Porphyria cutanea
tarda may present with skin blisters. Rheumatoid arthritis may
present with subcutaneous rheumatoid nodules. Skin hyperpig-
mentation is a feature of Addison disease. Hyperthyroidism pre-
sents with sweating, warm moist skin (hyperhidrosis), whereas in
hypothyroidism, the skin is dough-like, soft and pliable
(myxedema). Xanthomas are yellow papules or nodules composed
of lipid-laden macrophages in the dermis of persons who have
hyperlipidemia.

Acanthosis nigricans is a pigmentation of the skin on the neck
and intertriginous areas, found as a paraneoplastic syndrome in
patients who have carcinoma of the gastrointestinal tract.

Dermatitis herpetiforms is a chronic skin disease found in 20- to
30-year-old patients with sprue and hypersensitivity to gluten. It is
characterized by vesicular eruptions. Histologically, the vesicles are
related to deposits of IgA along the epidermal-dermal junctions
associated with microabscesses in the dermal papillae.

TUMORS AND RELATED LESIONS

Skin tumors can originate from epithelial cells of the epidermis, pig-
mented cells (melanocytes), neuroendocrine cells (Merkel cells),
dermal connective tissue cells, and migratory cells, such as blood-
derived white blood cell precursors (Table 17-1).

Epithelial tumors and melanomas in many cases may be induced
by ultraviolet light and occur with greater frequency among people
exposed to sunshine (e.g., farmers, sailors) and those of light com-
plexion. Some dermal tumors are genetically determined, such as
multiple dermatofibromas (neurofibromatosis type I). The etiology
of most skin tumors, however, is not known.
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Osteogenesis imperfecta type II is characterized by multiple
fractures, some present at birth, retarded growth, and blue sclerae
that turn white shortly after birth. Kyphoscoliosis and tooth abnor-
malities are seen in older children. Short stature results from repet-
itive fractures and kyphoscoliosis.

Osteogenesis imperfecta type IV is similar to type I except that these
patients have normal sclerae and show no dental disease. Cortical bone
appears immature for prolonged periods of time. The frequency of
fractures diminishes as the cortex matures over a period of years.

Osteoporosis

Osteoporosis is characterized by a reduction of the bone mass. Radi-
ologically, it is recognized as osteopenia (i.e., bone loss). It can be
localized (e.g., disuse atrophy) or generalized (e.g., metabolic dis-
eases). The primary form is associated with advanced age, most often
affecting postmenopausal women. The secondary form can result
from a variety of conditions:

¢ Endocrine disturbances (e.g., hyperparathyroidism, hyper-
thyroidism, Cushing disease, hypogonadism)

¢ Neoplasms (e.g., multiple myeloma)

¢ Gastrointestinal disorders (e.g., malabsorption, rheumatoid
disorders)

® Drugs (e.g., corticosteroids, chemotherapy)

* Miscellaneous conditions (e.g., immobilization and pulmonary
disease)

The osteoporosis of older age is a multifactorial disease that has
genetic, nutritional, and metabolic components. Reduced physical
activity and low serum estrogen also play an important role. Mor-
phologically, the entire skeleton is involved, but the vertebral bodies
are most severely affected. Spontaneous fractures are common. His-
tologically, bone trabeculae are thin and prone to fractures.

Clinically, fractures of thoracic and lumbar vertebrae lead to
reduction in height, kyphoscoliosis, and lordosis (“dowager hump”).
Hip fracture is the most serious complication, which accounts for
many deaths in elderly patients with osteoporosis. Serum calcium
and phosphate levels are within normal limits.

Rickets and Osteomalacia

Rickets, a disease of children, and osteomalacia, a disease of adults,
result from dietary vitamin D deficiency, inadequate vitamin D
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absorption, or metabolism. The resulting defects in bone metabo-
lism cause delayed or inadequate mineralization, leading to excess
unmineralized osteoid. In rickets, there is the addition of deranged
endochondral bone growth resulting from inadequate mineraliza-
tion of the epiphyseal cartilage. Histologically, there is overgrowth of
inadequately mineralized epiphyseal cartilage and osteoid, which
project into the marrow cavity. The overgrowth of capillaries and
connective tissue contributes to the fibrosis of the marrow. Because
the bones are soft, they can be easily bent and deformed, giving rise
in children to bowlegs, lumbar lordosis, frontal bossing, “rachitic
rosary” of the costochondral junction, and anterior protrusion of the
sternum (pigeon-breast deformity). Osteomalacia in the adult is not
as dramatic, and skeletal deformities are rarely seen. Radiographic
evidence of cortical thinning and loss of bone density correlates with
histologic changes, such as a reduction of ossified bone and
increased osteoid and increased osteoclastic activity.

Osteitis Fibrosa Cystica (von Recklinghausen
Disease of Bone)

Osteitis fibrosa cystica is a manifestation of severe primary hyper-
parathyroidism. It is characterized by widespread osteoclastic
resorption of cortical bone. Subperiosteal resorption produces
thin cortices and loss of the lamina dura around teeth. Histologi-
cally, osteoclasts move along the bone spicules and enlarge haver-
sian and Volkmann canals in a characteristic pattern. In cancellous
bone, osteoclasts dissect along the length of the trabeculae, pro-
ducing “dissecting osteitis.” Concomitant repair causes filling of
marrow spaces with fibrovascular tissue. Microfractures produce
cystic hemorrhagic foci, which become infiltrated by macrophages
and osteoclastic giant cells (brown tumors). Clinically, the disease
presents with bone pain, expansile bone lesions, and fractures.
Control of hyperparathyroidism leads to regression or resolution
of the bony lesions.

Renal Osteodystrophy

Renal osteodystrophy describes the skeletal changes induced by
chronic renal disease. These changes include increased osteoclastic
activity resembling osteitis fibrosa cystica, osteomalacia, osteosclero-
sis, and osteoporosis.

Renal failure causes increased retention of phosphate, leading to
hyperphosphatemia and hypocalcemia, which is magnified by the
kidney’s inability to convert vitamin D metabolite 25-(OH)-D to the
more active metabolite 1,25-(OH),-D. Plasma phosphate interferes
with the renal hydroxylase involved in the conversion of the 25-(OH)-
D to the more active derivative. The low levels of 1,25-(OH),-D also
reduce the intestinal absorption of calcium. The hypocalcemia stimu-
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nant) form and an autosomal dominant (benign) form. The malig-
nant form affects infants and children and can sometimes be fatal as
a result of anemia, cranial nerve entrapment, hydrocephalus, and
infections. The benign form occurs in adolescents and adults. It is
associated with mild anemia or can be asymptomatic.

The cause of osteopetrosis is unknown; however, there is faulty
bone remodeling, which appears to be related to osteoclast function.
The bones are short, heavy, and radiodense. Because their structure is
disorganized, however, the bones are weak and easily fractured. His-
tologically, the bone is disorganized, the cortex is thick, and the mar-
row cavity is reduced.

Clinically, severe anemia results from the replacement of
hematopoietic cells by bone trabeculae. The liver, spleen, and
lymph nodes enlarge as a result of extramedullary hematopoiesis.
Cranial nerve compression may cause blindness and deafness.

Paget Disease (Osteitis Deformans)

Paget disease is characterized by osteoclastic bone resorption followed
by reactive osteoblastic activity, which outpaces resorption, leading to a
net gain in bone mass and osteosclerosis. Histologically, the lamellar
bone has a mosaic pattern, giving it the appearance of a jigsaw puzzle.
The new bone may be initially woven or lamellar, but all of it is even-
tually remodeled into dense lamellar bone, arranged into coarsely
thickened trabeculae. Clinically, it is seen slightly more frequently in
men than women in the fifth decade. It may be monostotic, involving
tibia, ileum, femur, skull, vertebra, and humerus (in approximately
15% of cases) or, in the majority of cases, polyostotic, which affects the
pelvis, spine, and skull. The axial skeleton or proximal femur are
involved most frequently.

Clinically, the disease is often asymptomatic. However, pain due to
microfractures and bone overgrowth compressing spinal and cranial
nerve roots is the most common presentation. In addition, there may
be a variety of postural deformities, including inability to hold the
head erect and anterior bowing of the long leg bones. Paget disease
can be complicated by high output heart failure due to high blood
flow through the bones. Osteosarcomas occur at an increased rate,
especially in patients with severe polyostotic Paget disease.

Osteomyelitis

Suppurative osteomyelitis is inflammation of the bone and bone mar-
row. It is generally caused by pyogenic bacteria, such as Staphylococcus
aureus, which is responsible for 80% to 90% of cases. The organisms
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reach the bone via the hematogenous route, by extension from an
adjacent site such as skin ulcers or direct implantation of bacteria in
gunshot wounds. The hematogenous infections typically involve the
metaphysis of long bones and are most often seen in children and
teenagers. Histologically, acute inflammation, ischemic necrotic bone
fragments, and granulation tissue are found. Subperiosteal abscesses
may lead to the formation of draining sinuses. In chronic inflamma-
tion, bone resorption, fibrosis, and deposition of reactive bone on the
periphery occur with time.

Clinically, hematogenous osteomyelitis presents as an acute sys-
temic illness with marked pain over the involved area. Local spread
may cause suppurative arthritis, usually in infants. Complications of
chronic osteomyelitis include pathologic fractures, secondary amy-
loidosis, endocarditis, or sepsis. Squamous cell carcinomas may arise
on the skin above the sinus tracts and rarely, sarcomas form in the
infected bone. Treatment requires surgical drainage and antibiotics.

Tuberculous osteomyelitis is rare today. It results from blood-borne
infection in which the mycobacteria are carried to the bones from an
active lesion in the lungs or some other organs. The lesions are usually
solitary, but may be multiple in AIDS patients. Spinal disease (Pott dis-
ease), previously the most common form of skeletal tuberculosis, may
involve multiple vertebrae and adjacent soft tissue. Clinically, patients
present with pain on motion; fever, chills, and weight loss; and localized
tenderness. Complications include abscesses of the psoas muscles and
sinus tracts. Vertebral compression fractures lead to scoliosis or kyphosis.

Tumors of bone are rare. They can be benign or malignant. Histo-
genetically, they can be classified as follows:

¢ Bone-forming tumors (e.g., osteoma or osteosarcoma)

¢ Cartilagenous tumors (e.g., chondroma or chondrosarcoma)

¢ Fibroblastic tumors (e.g., fibrosarcoma)

¢ Tumors of undifferentiated cells (e.g., Ewing sarcoma)

* Hematopoietic tumors (e.g., leukemia and multiple myeloma)

Approximately one-half of all malignant bone neoplasms are
hematopoietic (see Chapter 9). The most common sites of bone
tumors are shown in Figure 18-2.

Benign Tumors

Osteoid osteoma and osteoblastoma are benign tumors that have
identical histologic features. By definition, osteoid osteomas are <2 cm
in greatest dimension, and osteoblastomas are larger. Grossly, they are
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nuclear cells with indistinct cytoplasm, and frequent mitoses are
admixed with osteoclast-type giant cells. Necrosis, hemorrhage,
hemosiderin deposition, and reactive bone formation may be
observed. These tumors arise in the third to fifth decades of life and
are found in women slightly more often than men. Patients present
with complaints of bone or joint pain because the tumor may com-
press the joints or cause pathologic fractures. Radiographically, the
tumors are large lytic lesions that are eccentric and erode into sub-
chondral bone. If the cortex is destroyed, they present as a bulging
soft tissue mass. Giant cell tumors are histologically benign, but may
frequently recur if treated by curettage. Approximately 10% are
malignant and metastasize, usually to the lung.

Malignant Tumors

Osteosarcomas are malignant neoplasms that produce bone matrix.
They account for approximately 20% of primary bone malignancies.
The vast majority arise in the metaphysis of long bones. The favored
sites in descending order include distal femur, proximal tibia, prox-
imal humerus, and proximal tibia. Mutations of RB-1 (retinoblas-
toma) and p53 suppressor genes have been associated with both
inherited and noninherited forms.

Grossly, these tumors are tan-white and gritty and may have cysts
and areas of hemorrhage. They often destroy the cortex and extend
into adjacent soft tissue. Histologically, the cells are spindle shaped
like osteoblasts, but may vary in size and shape. Tumor cells produce
osteoid and bone, which is coarse and formed in sheets or trabecu-
lae. The tumors spread in the medullary cavity, and less often they
penetrate the epiphysis and enter the joint space or grow along the
tendons and ligaments entering the joint.

Clinically, osteosarcomas occur at any age, but the majority occur
in patients younger than 20 years. In the elderly, osteosarcomas are
often a complication of Paget disease. Male subjects are at higher risk
than female subjects. Osteosarcomas present as painful, enlarging
masses or, to a lesser degree, sudden fractures. Approximately 20%
of patients may have pulmonary metastases at the time of diagnosis.
Radiographically, they present as destructive lytic masses, which also
show bone formation. They commonly break through the cortex lift-
ing the periosteum (Codman triangle). Metastasis to lungs, bones,
brain, and elsewhere is via the hematogenous route. With modern
chemotherapy, the long-term survival rate is approximately 60%.

Chondrosarcomas are malignant neoplasms of cartilage-
forming cells. They are most commonly found in the pelvis, shoul-
der, and ribs. Grossly, they are nodular, gray-white, translucent, and
glistening. Histologically, they are composed of malignant cartilage
infiltrating marrow spaces and surrounding bone trabeculae. The
adjacent cortex may be thickened or eroded. Cellularity varies
depending on the grade of the tumor. The grading of tumors (I-III)
has clinical significance.
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Clinically, chondrosarcomas are found twice as often in men as
in women. Most patients are in their fourth decade or older. Symp-
toms usually stem from the local effects of the progressively enlarg-
ing tumor mass. Tumors >10 cm are more aggressive and tend to
metastasize to the lungs more often than smaller tumors.

Ewing sarcoma is a primary malignant tumor of bone composed
of undifferentiated small round cells. The nature of these cells
remains undetermined, and it is customary to include them in the
group of “small blue cell tumors,” such as retinoblastoma, medu-
loblastoma, rhabdomyosarcoma, and neuroblastoma, all of which
correspond to embryonic blastema-like cells. Although Ewing sarco-
mas account for <10% of primary malignant bone tumors, they are
second to osteosarcoma as the most frequent sarcoma of bone in
children. The peak incidence is in the 10- to 15-year-old age group,
and most patients are younger than 20 years of age. They occur
more often in men, and whites are afflicted more often than blacks.

Ewing sarcomas arise in the medullary cavity. Histologically, the
cells are round and arranged in nests and sheets with areas of necro-
sis and hemorrhages. Tumor cells have little cytoplasm, which is often
clear and contains glycogen. Homer-Wright pseudorosettes may be
present, suggesting neural differentiation. The stroma is scanty.

Clinically, Ewing sarcoma is a tumor of the diaphysis of long
tubular bones, such as the femur, and flat bones of the pelvis. It pre-
sents as a painful enlarging mass that is tender and warm. There may
also be systemic signs such as fever, leukocytosis, increased sedimen-
tation rate, and anemia. Radiographic findings include bone lysis,
with a characteristic “onion skin” periosteal reaction due to the for-
mation of concentric layers of reactive bone. A 50% long-term cure
rate can be achieved with surgery, chemotherapy, and radiation.

Fibrosarcoma and malignant fibrous histiocytoma are neoplasms
composed of fibroblasts. They have similar clinical, radiographic, and
pathologic features, although they differ histologically. They occur at
any age, but have a predilection for the middle-aged and elderly.
Malignant fibrous histiocytoma affects men more than women, but
fibrosarcoma affects both genders equally. A small number of both
tumors arise secondary to conditions such as Paget disease, benign
tumors, and irradiated areas. The vast majority, however, arise sponta-
neously. Grossly, these tumors are large, tan-white, and often hemor-
rhagic. They destroy bone and invade into soft tissue. Fibrosarcomas
consist of spindle-shaped malignant fibroblasts arranged in interlac-
ing bundles that produce a herringbone pattern. Histologically, they
can be classified as low- or intermediategrade tumors. Malignant
fibrous histiocytomas are composed of spindle-shaped fibroblasts in
a storiform pattern admixed with large, multinucleated giant cells
and are considered to be high-grade tumors. Both neoplasms pre-
sent as painful masses on the metaphysis of long bones and flat
bones of the pelvis. On radiography, they appear as lytic lesions and
frequently invade adjacent soft tissue; pathologic fractures are com-
mon. The prognosis is poor for high-grade lesions, which have a
20% 5-year survival rate.
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The salient features of primary malignant bone tumors are sum-
marized in Table 18-1.

Metastatic tumors of bone represent the most common form of
malignancy in the skeleton. Neoplasms reach bones hematogenously
or by local spread, as in prostate carcinoma invading the pelvis and
lumbar vertebra. The most common primary sites are carcinomas of
the breast, prostate, lung, kidney, and thyroid. The common sites of
metastases in descending order include axial skeleton, proximal
femur, and humerus. On radiography, the lesions may be lytic
(lucent) or osteoblastic (dense). Lytic lesions are associated with
hypercalcemia. Osteoblastic lesions are associated with elevated
serum alkaline phosphatase levels, a marker of osteoblastic prolifera-
tion. In children, bone metastases are a common feature of neuro-
blastoma. Multiple bone lesions of Ewing sarcoma represent either
metastases or multifocal primary tumors, originating simultaneously.

_JOINTS

Joints are divided into two groups: synovial (diarthrodial) joints,
which are movable (e.g., elbow and knee) and lined by a synovial
membrane; and synarthroses joints, which show little movement
and are classified according to the type of connective tissue that
bridges the bones (e.g., fibrous synarthroses, as cranial sutures, and
cartilaginous synarthroses, as pubic symphyses).

The inner surface of synovial joints, with the exception of the
articular cartilage, is lined by synovium. The synovium is composed
of two types of cells. One population is phagocytic and secretes
hyaluronic acid. The other population is fibroblast-like and pro-
duces matrix proteins, such as collagen type I. Synovial cells are not
surrounded by a basement membrane, but merge with the underly-
ing stromal cells.

DEGENERATIVE JOINT DISEASE

Osteoarthritis

Osteoarthritis is a degenerative joint disease characterized by ero-
sion of articular cartilage and reactive changes in the adjacent bone.
It can be primary, idiopathic, or secondary to some underlying cause
such as traumatic injury, congenital joint and bone malformations,
or diabetes. The primary form appears to result from intrinsic alter-
ations in the cartilage favoring its breakdown. Morphologically,
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Extra-articular manifestations of RA are found at a variable rate.
Rheumatoid nodules (fibrinoid necrosis surrounded by epithelioid
cells) are noted in the skin in regions subjected to pressure, such as
the ulnar aspect of the forearm, elbow, and occiput. Rheumatoid
lung disease may present with lung destruction and formation of
cavities surrounded by fibrosis. In severe cases, rheumatoid vasculi-
tis is observed, which may be accompanied by skin ulcers, gangrene,
and even neuropathy.

Clinically, the onset of the disease has a peak between the third
and fifth decades, and women are three to five times more often
affected than men. Involved joints are hot, swollen, and stiff. Ini-
tially, small joints such as metacarpophalangeal and proximal
interphalangeal joints are involved. Later in the course, larger
joints become affected. Because of the destructive nature of the
disease, various deformities are observed. These include radial
deviation of the wrist, ulnar deviation of the fingers, and flexion-
hyperextension abnormalities of the fingers, which are referred to
as swan-neck or boutonniére deformities. Diagnosis is based on any four
of the following observations: (1) morning stiffness, (2) arthritis in
three or more joints, (3) arthritis of hand joints, (4) symmetric
arthritis, (b) rheumatoid nodules, (6) serum rheumatoid factor,
and (7) typical radiographic findings. In approximately 20% of
cases, the disease has a limited course, but in most patients it has
a chronic course. In approximately 10% of cases, the disease is
associated with incapacitating deformities. Treatment is mostly
symptomatic. Gastrointestinal bleeding resulting from chronic
aspirin or nonsteroidal anti-inflammatory drug use and infections
resulting from corticosteroid use are important complications.

Gout

Gout is a multisystemic disease that results from hyperuricemia and
deposition of uric acid crystals in tissues. It is characterized by tran-
sient acute arthritis that eventually leads to chronic arthritis and the
deposition of urate masses (tophi) in the joints and other sites, most
often including the kidney. Primary gout, not fully understood,
accounts for approximately 90% of cases. Secondary gout includes
metabolic disorders such as Lesch-Nyhan syndrome, chronic renal
disease, and other conditions marked by hyperuricemia for gout.
Morphologically, four distinct lesions are typical of gout. These
include acute arthritis, chronic tophaceous arthritis, tophi in a vari-
ety of locations, and gouty nephropathy. Acute arthritis, most often
involving the first tarsometatarsal joint, is marked by infiltration of
the joint by neutrophils, which respond to deposits of monosodium
urate crystals in the synovium. Chronic tophaceous arthritis results
from repetitive urate crystal deposition during acute attacks. The
synovium becomes hyperplastic, fibrotic, and thickened, forming a
pannus that, together with the tophaceous nodules, destroys the
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ﬁ Three forms of muscle diseases. A: Den-
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teins; inflammatory myopathies, which are caused by infections
or autoimmune disorders; and toxic and metabolic myopathies
caused by toxins (e.g., botulism), drugs (e.g., corticosteroids), or
systemic metabolic diseases such as diabetes.

* Diseases of the neuromuscular junction, such as myasthenia
gravis and Lambert-Eaton myasthenic syndrome, represent dis-
turbances of nerve impulse transmission at the neuromuscular
junction. Despite considerable muscle weakness, the muscle
shows no pathologic changes.

NEUROGENIC ATROPHY

Denervation atrophy of skeletal muscles may involve the entire mus-
cle or large muscle fascicles (fascicular atrophy), as in spinal cord
injury; or individual muscle fibers, as in ischemic neuropathies char-
acterized by a loss of small branches of motor neuron axons. Single
cell atrophy is common in diabetic neuropathy, which is probably
the most common cause of neurogenic atrophy seen clinically. In
fascicular atrophy, atrophic fibers are grouped, whereas in single
fiber atrophy, triangulated atrophic fibers are scattered randomly
among normal fibers (Fig. 19-2).

Atrophy represents a reversible change: On reinnervation, mus-
cle fibers regain their normal size. Reinnervated muscles can be best
recognized by enzyme histochemistry. Instead of the typical haphaz-
ard arrangement of type I and type II muscle fibers, in a checker-
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33.

34.

35.

36.

An 18-year-old man complains of a painful enlarging
mass in the metaphysis of the distal femur. Radio-
graphically, the lesion is lytic and destructive and
appears to lift the periosteum away from the bone.
Chest radiography reveals multiple well-circumscribed
densities in the lung parenchyma. This lesion is most
likely a

(A) chondroblastoma
(B) chondrosarcoma
(C) Ewing sarcoma
(D) osteoblastoma
(E) osteosarcoma

An 18-year-old man complains of dyspnea and states
that for the past 24 hours he has had a productive
cough, rust-colored sputum, and a temperature of
38.3°C (101°F). At this stage of the disease, lung
alveoli most likely contain

(A) fibrous scar tissue
(B) granulation tissue
(C) macrophages

(D) neutrophils

(E) plasma cells

Complement and IgG facilitate the phagocytosis of
bacteria by acting as

(A) anaphylatoxins

(B) chemotactic factors

(C) mediators of vascular permeability
(D) opsonins

(E) oxygen-derived free radicals

Joint tissue biopsy is taken from a 50-year-old woman
with a lengthy history of arthritis. The tissue consists of
hyperplastic synovium covering the articular cartilage.
The synovium is highly vascularized, edematous, and
studded with lymphoid follicles and plasma cells. The
most likely diagnosis of this patient is

(A) gouty arthritis

(B) Lyme disease

(C) osteoarthritis

(D) rheumatoid arthritis
(E) tuberculous arthritis
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49. A 30-year-old woman presents with multiple nodules
on the left side of the neck. Biopsy reveals that a
thyroid neoplasm has metastasized to the lymph
nodes. This tumor is most likely

(A) anaplastic carcinoma
(B) follicular carcinoma
(C) medullary carcinoma
(D) papillary carcinoma

50. Primary hyperparathyroidism is characterized by

(A) hypercalcemia

(B) hyperphosphatemia
(C) hypocalcemia

(D) hypocalciuria

(E) hypophosphaturia

51. Cushing syndrome is most commonly caused by

(A) an adrenal cortical carcinoma

(B) an adrenal gland adenoma

(C) an ectopic adrenocorticotropin hormone secretion
(D) exogenous corticosteroids

(E) a pituitary gland adenoma

52. A 50-year-old man presents with depression, a moon
face, central obesity, and a history of hypertension
and osteoporosis. Based on this history and physical
findings, which of the following laboratory findings
would you expect?

(A) Decreased plasma aldosterone

(B) Decreased plasma testosterone

(C) Elevated plasma cortisol

(D) Elevated plasma estrogen

(E) Elevated urine vanillylmandelic acid

53. In the United States, the most common cause of
Addison disease is

(A) autoimmune adrenalitis

(B) disseminated intravascular coagulation
(C) histoplasmosis

(D) tuberculosis

(E) Waterhouse-Friderichsen syndrome



54.

55.

56.

57.

58.

Pathology Questions

Which of the following mediators of inflammation is
derived from mast cell granules?

(A) Bradykinin
(B) Complement
(C) Endotoxin
(D) Histamine
(E) Interleukin-1

Which of the following is found in or around the gumma
of syphilis but not in granulomas of tuberculosis?

(A) Eosinophils
(B) Lymphocytes
(C) Mast cells

(D) Myofibroblasts
(E) Plasma cells

Clear yellow fluid is found in the left pleural cavity of
a 20-year-old woman with viral pneumonia. This
exudate is best labeled as

(A) fibrinopurulent
(B) fibrinous

(C) hemorrhagic
(D) purulent

(E) serous

Which of the following is an example of atrophy
caused by a deficiency of a trophic hormone?

(A) Brain in Alzheimer disease

(B) Skeletal muscles of the limbs in traumatic paraplegia
(C) Skeletal muscle in poliomyelitis

(D) Thymus after puberty

(E) Uterus in postmenopausal women

A solitary nodule of the lung composed of cartilage,
smooth muscle cells, and cuboidal epithelium
represents a form of

(A) choristoma
(B) dysplasia
(C) hamartoma
(D) metaplasia
(E) teratoma
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115.

116.

117.

118.

119.

A 45-year-old woman has routine mammography,
which shows a small nodule in her breast. The
physician recommends an additional mammographic
x-ray examination. Densities visible by x-ray in the
breast tissue of this woman represent foci of

(A) dystrophic calcification
(B) fat necrosis

(C) intratubular carcinoma
(D) medullary carcinoma
(E) metastatic calcification

Fat is transported from the intestines to the liver in
the form of

(A) chylomicrons

(B) free fatty acids

(C) high-density lipoproteins

(D) low-density lipoproteins

(E) very low—density lipoproteins

Hyperplasia of the prostate is

(A) common in older men

(B) more common after castration than in normal men
(C) premalignant

(D) spontaneously reversible

(E) typically calcified

A 12-year-old girl is diagnosed with a cerebellar tumor,
which is composed of small cells with hyperchromatic
nuclei and scant cytoplasm. This tumor most likely
represents

(A) an ependymoma

(B) a glioblastoma multiforme
(C) a medulloblastoma

(D) a meningioma

(E) an oligodendroglioma

Fungal meningitis in a patient with AIDS is most often
caused by

(A) Aspergillus fumigatus
(B) Candida albicans

(C) Cryptococcus neoformans
(D) Histoplasma capsulatum
(E) Mucor
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129.

130.

131.

132.

Pathology Questions

A 10-year-old boy is hospitalized because of febrile
illness for the past 3 days. He has experienced vomiting,
blurred vision, and headaches that do not respond to
pain medication. High protein, low glucose, and
numerous neutrophils are found in the CSF of this
child. These findings suggest the diagnosis of

(A) bacterial meningitis

(B) encephalitis

(C) multiple sclerosis

(D) tuberculosis of the brain
(E) viral meningitis

An epidural hematoma is caused by a hemorrhage
from the

(A) middle cerebellar artery
(B) middle cerebral artery
(C) middle cerebral vein

(D) middle meningeal artery
(E) middle meningeal vein

Lymphomas of the CNS are a complication of
infection with

(A) cytomegalovirus

(B) herpes simplex virus type 1

(C) herpes zoster virus

(D) human immunodeficiency virus
(E) rubella virus

Watershed infarcts are typically found as a
complication of

(A) encephalitis

(B) hypertension

(C) hypotension

(D) syphilis

(E) vitamin B, deficiency

Which of the following intracranial tumors has the
best prognosis?

(A) Astrocytoma of the cerebrum

(B) Ependymoma of the lateral ventricle
(C) Glioblastoma multiforme

(D) Meningioma

(E) Oligodendroglioma
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