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NOTICE

Medicine is an ever-changing science. As new research and clinical experience broaden
our knowledge, changes in treatment and drug therapy are required. The authors and
the publisher of this work have checked with sources believed to be reliable in their
efforts to provide information that is complete and generally in accord with the stan-
dards accepted at the time of publication. However, in view of the possibility of human
error or changes in medical sciences, neither the authors nor the publisher nor any
other party who has been involved in the preparation or publication of this work war-
rants that the information contained herein is in every respect accurate or complete,
and they disclaim all responsibility for any errors or omissions or for the results
obtained from use of the information contained in this work. Readers are encouraged
to confirm the information contained herein with other sources. For example and in
particular, readers are advised to check the product information sheet included in the
package of each drug they plan to administer to be certain that the information con-
tained in this work is accurate and that changes have not been made in the recom-
mended dose or in the contraindications for administration. This recommendation is
of particular importance in connection with new or infrequently used drugs.
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HOW TO USE THIS BOOK

This pathology text offers medical students a concise and
organized (i.e., “Big Picture”) approach to the presentation of
information needed for second-year medical school pathology
courses and for study for the USMLE Step 1 licensing examina-
tion. In addition, pathology residents as well as other residents
and physicians who want to brush up on their pathology may
find the text useful.

Pathology: The Big Picture includes several features to facilitate
learning and comprehension of the material.

Outline format discussion of pathologic conditions, with
each condition’s features divided by subheadings to promote
access of information through an organized approach to
each topic.

About 435 four-color images depicting important gross and
microscopic pathologic conditions, complete with a detailed
figure legend that explains the pathologic features and clini-
cal presentation of the condition.

Integration of pathology and clinical information in support
of the ongoing trends in medical education.

About 60 succinct tables highlighting key points (i.e., often
those requiring memorization), as well as key comparison
and contrast tables.

Practice examination of 130 questions, with clinical scenar-
ios, and answers explained in relevant detail. In addition, 20
questions utilize images of common pathologic conditions
with classic features.

Although the text is extensive, it primarily highlights com-
mon and uncommon conditions and common and uncom-
mon causes of those conditions. Remember that the text is
not an exhaustive source for material, and should be used as
a review book or as a supplemental source to a general
pathology textbook.

Copyright © 2008 by The McGraw-Hill Companies, Inc. Click here for terms of use.



CHAPTER 1

CELLULAR PATHOLOGY

OVERVIEW

Pathology, in the broadest terms, is the study of disease. Dis-
ease occurs for many reasons. Some diseases represent sponta-
neous alterations in the ability of a cell to proliferate and func-
tion normally, and in other cases, disease results when external
stimuli produce changes in the cell’s environment that make it
impossible for the cell to maintain homeostasis. In such situa-
tions, cells must adapt to the new environment. These adapta-
tions include hyperplasia, hypertrophy, atrophy, and metapla-
sia, and can be physiologic or pathologic, depending upon
whether the stimulus is normal or abnormal. A cell can adapt to
a certain point, but if the stimulus continues beyond that point,
failure of the cell, and hence the organ, can result. If cells cannot
adapt to the pathologic stimulus, they can die. This chapter will
discuss cellular adaptation, cell injury, cellular accumulations,
and cellular aging.

CELLULAR ADAPTATION

Overview: The four basic types of cellular adaptation to be dis-
cussed in this section are hyperplasia, hypertrophy, atrophy, and
metaplasia.

HYPERPLASIA

Basic description: Increase in the number of cells.

Types of hyperplasia

Physiologic hyperplasia: Occurs due to a normal stressor.
For example, increase in the size of the breasts during preg-
nancy, increase in thickness of endometrium during men-
strual cycle, and liver growth after partial resection.

Pathologic hyperplasia: Occurs due to an abnormal stres-
sor. For example, growth of adrenal glands due to produc-
tion of adrenocorticotropic hormone (ACTH) by a pituitary
adenoma, and proliferation of endometrium due to pro-
longed estrogen stimulus.

Important point regarding hyperplasia: Only cells that can
divide will undergo hyperplasia; therefore, hyperplasia of the
myocytes in the heart and neurons in the brain does not occur.
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HYPERTROPHY

Basic description: Increase in the size of the cell.

Types of hypertrophy

Physiologic hypertrophy: Occurs due to a normal stressor.
For example, enlargement of skeletal muscle with exercise.

Pathologic hypertrophy: Occurs due to an abnormal stres-
sor. For example, increase in the size of the heart due to aor-
tic stenosis. Aortic stenosis is due to a change in the aortic
valve, which obstructs the orifice, resulting in the left ventri-
cle working harder to pump blood into the aorta.

Morphology of hyperplasia and hypertrophy: Both hyperplasia
and hypertrophy result in an increase in organ size; therefore,
both cannot always be distinguished grossly, and microscopic
examination is required to distinguish the two (Figure 1-1).

Mechanisms by which hyperplasia and hypertrophy can
occur: Up regulation or down regulation of receptors and
induction of new protein synthesis. The two processes can
occur together. For example, up regulation of receptors results
in the induction of new protein synthesis; or up and down reg-
ulation of receptors and induction of new protein synthesis can
occur as independent processes. The types of new proteins
induced include transcription factors (e.g., c-Jun, c-Fos), con-
tractile proteins (e.g., myosin light chain), and embryonic pro-
teins (e.g., B-myosin heavy chain).

ATROPHY

Basic description: Decrease in the size of a cell that has at one
time been of normal size.

Types of atrophy

Physiologic atrophy: Occurs due to a normal stressor. For
example, decrease in the size of the uterus after pregnancy.

Pathologic atrophy: Occurs due to an abnormal stressor. In
general, atrophy is due to the loss of stimulus to the organ.
Specific types of loss of stimulus include loss of blood supply
or innervation, loss of endocrine stimulus, disuse, mechani-
cal compression, decreased workload, or aging.

Gross morphology of atrophy (Figure 1-2): The organ is
smaller than usual. Atrophy occurs in a once normally devel-
oped organ. If the organ was never a normal size (i.e., because it
did not develop normally), the condition is called hypoplasia.

Cellular Pathology

Figure 1-1. Cross-section of the heart of a patient with systemic
hypertension. The patient had high blood pressure, which increased
the workload of the left ventricle and resulted in concentric hyper-
trophy of the left ventricular myocardium. In response to the
increasing pressure load, the cardiac myocytes increased their
content of contractile proteins, resulting in enlargement of individ-
ual myocytes.

Figure 1-2. Kidneys from two different patients. The kidney on the
left is normal in size, whereas the kidney on the right is atrophic.
The kidney on the right was from a patient who had severe athero-
sclerosis of the renal artery, which led to ischemia (i.e., decreased
perfusion) of the organ. Due to an insufficient supply of oxygen and
nutrients, the cells of the kidney decreased in size to adapt. An
incidental renal cell carcinoma is visible near the pole of the
atrophic kidney (arrow).
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METAPLASIA

Basic description: Change of epithelium at a site, or location,
from one type of epithelium to another type. In metaplasia, the
epithelium is normal in appearance but in an abnormal loca-
tion.

Mechanism of metaplasia: The epithelium normally present at
a site cannot handle the new environment so it converts to a
type of epithelium that can adapt.

Examples: Barrett esophagus is due to reflux of gastric contents
into the esophagus, which causes the epithelium type to convert
from squamous to glandular (Figure 1-3 A and B). Squamous
metaplasia in the lungs is due to exposure of respiratory epithe-
lium to toxins in cigarette smoke.

CELL INJURY

Overview: Cell injury occurs when the cells cannot adapt to
their new environment.

Causes of cell injury: Hypoxia (decreased oxygen), ischemia
(decreased blood flow), physical and chemical agents, trauma,
infectious agents, radiation and toxins, metabolic abnormalities
(genetic or acquired), immune dysfunction (hypersensitivity
reactions and autoimmune disease), aging, and nutritional
imbalances.

Important points regarding cell injury
Hypoxia and ischemia are two common sources of cellular
injury. Of the two, ischemia is much more damaging because

it involves hypoxia plus a lack of other nutrients and an accu-
mulation of toxic cellular metabolites.

When does injury occur? This varies from cell to cell. It
depends upon the type, duration, and severity of injury, and
the type, adaptability, and makeup of the affected cell.

Cellular injury may or may not result in the death of the cell.
Four cellular systems are especially vulnerable to cellular
injury, and include:

1. DNA

2. Cell membranes

3. Protein generation

4. Adenosine triphosphate (ATP) production

Although some of the causes of cellular injury have specific

mechanisms, the mechanism of cellular injury due to many
substances is not understood.

CHAPTER 1

Figure 1-3. Barrett esophagus (glandular metaplasia). A, This spec-
imen is taken from the region of the gastroesophageal junction and
includes a segment of proximal stomach (on the left side) in conti-
nuity with the distal esophagus (on the right side). A small patch of
mucosa with an appearance similar to the gastric mucosa extends
proximally (circle), above the gastroesophageal junction. In this
area, the normal stratified squamous epithelium of the esophagus
has been replaced by glandular epithelium. Glandular metaplasia
of the esophagus occurs in response to gastric acid reflux. B, The
right side of the image shows stratified squamous epithelium, and
the left side shows glandular epithelium, with goblet cells present
(arrow). Transformation of one type of tissue to another type of tis-
sue is termed metaplasia; in this case, stratified squamous epithe-
lium was transformed to intestinal-type epithelium. Hematoxylin
and eosin, 200X.
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Mechanisms of cellular injury

1. Hypoxia: In general, decreased oxygen results in decreased
production of ATP. ATP is normally required by the Na/K*
pump and Ca’* pump. When ATP levels decrease, these
pumps fail and sodium (along with water, which follows
sodium) enters the cell, causing swelling. Also, calcium
enters the cell, which activates endonucleases, proteases,
phospholipases, and DNAses, which damage the cell. Cells
switch to anaerobic respiration to produce ATP, which results
in accumulation of lactic acid. The accumulation of lactic
acid decreases the cellular pH. Decreased pH causes disag-
gregation of ribosomes from endoplasmic reticulum.

2. Generation of oxygen-derived free radicals by a stressing
agent

Basic description of free radical: A free radical is a molecule
with an unpaired electron in the outer orbit. Another term for
oxygen-derived free radicals is reactive oxygen species.

How free radicals are generated: Free radicals are generated by
normal physiologic reduction-oxidation reactions, ultraviolet
light, x-rays and ionizing radiation, and transitive metals. Also,
metabolism of exogenous chemicals, such as carbon tetrachlo-
ride, induces formation of reactive oxygen species.

Damage by free radicals: Lipid peroxidation (damages cell
membranes), DNA fragmentation, and protein cross-linking
(e.g., sulthydryl groups), which results in increased degradation
and decreased activity.

Methods to prevent formation of reactive oxygen species
Catalase, which degrades hydrogen peroxide.

Superoxide dismutase, which converts superoxide to hydro-
gen peroxide.

Glutathione, which catalyzes breakdown of hydroxyl radicals.
Vitamins A, C, and E, which have an antioxidant effect.

3. Chemical injury: Some chemicals are directly toxic to the
cells, and others require conversion to a toxic metabolite. For
example, ethylene glycol (antifreeze) is not toxic, but its
metabolite, oxalic acid, is. In contrast, cyanide directly inacti-
vates cytochrome oxidase, which impairs the formation of
ATP.

4. Increased mitochondrial cytoselic calcium: Increased
mitochondrial cytosolic calcium leads to lipid peroxidation
and formation of mitochondrial permeability transition (a
nonselective pore that dissipates the proton gradient). Also,
increased mitochondrial cytosolic calcium causes release of
cytochrome ¢, which in turn activates apoptosis.

Two types of cellular injury

Reversible cellular injury: As described above in the discus-
sion of mechanisms of cellular injury, the decreased produc-
tion of ATP causes sodium to enter the cell, bringing water
and causing cellular and organelle swelling. The conversion
from aerobic to anaerobic respiration decreases the pH of
the cell. These changes are all reversible. If ATP is once again
produced by the cell, the Na/K™ ratio and pH will be cor-
rected.

Cellular Pathology
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Irreversible cellular injury: This type of injury occurs with
damage to plasma or lysosomal membranes, loss of DNA, or
loss of mitochondria. In these cases, the damage cannot be
reversed. The two most important factors determining irre-
versible damage are membrane disturbances and the inabil-
ity to reverse mitochondrial dysfunction.

Light microscope morphologic changes of cellular injury
Reversible injury: Cellular swelling and fatty change.

Irreversible injury: Nuclear karyolysis (loss of basophilia),
pyknosis (shrinkage of nucleus), and karyorrhexis (frag-
mentation of nucleus).

Electron microscope morphologic changes of cellular injury

Reversible injury: Cellular blebs and small mitochondrial
densities.

Irreversible injury: Ruptured lysosomes, myelin figures
(which indicate phospholipid precipitation), lysis of endo-
plasmic reticulum, and large calcium rich mitochondrial
densities.

CELL DEATH

Overview: There are two forms of cell death, apoptesis and
necrosis. Apoptosis is controlled (programmed) breakdown of
cells occurring in response to damage to DNA or as part of nor-
mal growth and development. Necrosis is uncontrolled break-
down of cells in response to injurious stimuli.

APOPTOSIS
Basic description: Programmed cell death.

Patterns of occurrence of apoptosis

During growth and development, some cells serve a function
in the growth phase but need to be removed after their pur-
pose is fulfilled. In neonates, a rapid cell growth rate is neces-
sary; in adults, however, unrestrained cell growth can lead to
cancer.

When DNA sustains irreparable damage (e.g., after low-dose
radiation exposure), the cell must be destroyed so mutations
that have developed will not be propagated. In this manner,
apoptosis serves as a safety step by removing damaged cells
from the body.

Phases of apoptosis

Initiation is the phase in which caspases (cysteine aspartic
acid proteases) become catalytically active.

Execution is the phase in which the action of caspases causes
death of cell.

Mechanism of apoptosis: There are multiple pathways by
which apoptosis is initiated, including the extracellular and
intracellular pathways. Both pathways share similar endpoints,
culminating with the use of caspases and prevention of inflam-
matory reaction.

Initiation of extracellular pathway: In Fas-Fas ligand bind-
ing, the Fas ligand binds to a member of the tumor necrosis

CHAPTER 1
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Figure 1-4. Acidophil body in the liver. The acidophil body (arrow)
represents apoptosis, or programmed cell death. The nucleus is
condensed and fragmented, and no inflammatory reaction has
been elicited. Hematoxylin and eosin, 1000X.
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factor family known as the Fas receptor. The activated Fas
receptor in turn activates FADD (Fas-associated death
domain), which in turn activates caspases.

Initiation of intracellular pathway: The mitochondria
release cytochrome ¢, which combines with Apaf-1 (apopto-
sis activating factor-1) to activate caspases.

Caspases, which cleave DNA, are activated. DNA is cleaved in
a coordinated manner so the fragments, if analyzed on a gel,
will form a ladder. In contrast, in necrosis (an uncoordinated
breakdown of DNA), the gel will be a smear.

Apoptosis does not generate an inflammatory reaction as
necrosis does. Fragments of cells express phosphatidyl ser-
ine, which is recognized by macrophages; therefore, frag-
ments can be engulfed without generating an inflammatory
reaction.

Morphology of apoptosis: The key feature microscopically is
chromatin condensation and fragmentation (Figure 1-4).

NECROSIS

Basic description: Necrosis is a term used to describe uncon-
trolled death of cells due to one of the various causes of cellular
injury.

Gross morphology of necrosis: Necrosis is typically manifested
by softening and discoloration of the organ. Other processes
can have a similar appearance, so the gross appearance of
necrosis is not specific.

Microscopic morphology of necrosis: The two main types of
necrosis are coagulative necrosis and liquefactive necrosis; how-
ever, there are several other variants.

Coagulative necrosis

Basic description: Coagulative necrosis is the type of necro-
sis in which protein denaturation is more prominent than
enzymatic breakdown.

Microscopic morphology of coagulative necrosis (Figure
1-5): There is increased eosinophilia of the cytoplasm and
decreased basophilia of the nucleus; both are associated with
preservation of the general cellular architecture (the organ
type is identifiable).

Organs affected by coagulative necrosis: Coagulative
necrosis may occur in any organ. In organs with a high fat
content, such as the brain, coagulative necrosis is followed
rapidly by liquefactive necrosis.

Liquefactive necrosis

Basic description: Liquefactive necrosis occurs in situations
in which enzymatic breakdown is more prominent than pro-
tein denaturation or in organs that lack a substantial pro-
tein-rich matrix (e.g., lipid-rich organs such as the brain).

Microscopic morphology of liquefactive necrosis (Figure
1-6): There is loss of organ cellular architecture. In liquefac-
tive necrosis of the brain, there are sheets of lipid-laden
macrophages that replace the dead tissue.

Cellular Pathology

Figure 1-5. Coagulative necrosis of the myocardium. In the right
upper half of the image (arrow), the cellular architecture is pre-
served; however, the cells are necrotic. The cytoplasm is
eosinophilic from loss of protein, which imparts basophilia, and
karyolysis of the nuclei has occurred (few cardiac myocyte nuclei
are visible). Compare these features to the cells in the left lower
half of the figure, which represent non-necrotic cardiac myocytes.
Hematoxylin and eosin, 200X.
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Figure 1-6. Liquefactive necrosis of the brain. The field contains
sheets of foamy macrophages. In contrast to coagulative necrosis,
the native tissue architecture has been lost. The foamy
macrophages contain engulfed lipid-rich myelin and cellular
debris. Liquefactive necrosis is common in tissues with relatively
low protein content (e.g., the brain) or in situations where there is a
high local concentration of proteolytic enzymes (e.g., abscesses;
necrosis of pancreatic tissue). Hematoxylin and eosin, 200X.
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Organs affected by liquefactive necrosis: Liquefactive
necrosis is most commonly associated with organs that have
a high fat and low protein content (e.g., the brain), or those
with a high enzymatic content (e.g., the pancreas).

Fat necrosis: Fat necrosis is a term applied to a change in
adipose tissue due to trauma or the release of enzymes from
adjacent organs (e.g., the pancreas). The trauma or enzy-
matic action causes a breakdown of lipid and a release of
fatty acids, which combine with calcium to form chalky
deposits.

Caseous necrosis (Figure 1-7 A and B): Caseous necrosis
is a “cheesy-looking” necrosis associated with tuberculosis
infections and other granulomatous disease processes. Gran-
ulomas are a form of chronic inflammation due to some
infections (e.g., mycobacterial), foreign bodies, and other
chronic stimuli.

Important points regarding necrosis

The terms coagulative and liquefactive necrosis are not
mutually exclusive. For example, the death of heart muscle
begins as coagulative necrosis, but once neutrophils enter the
tissue as part of an inflammatory reaction and release
enzymes, cellular architecture is lost (more consistent with
liquefactive necrosis).

Cell death involves the release of intracellular enzymes into
blood. These enzymes in the blood can be measured and
used clinically to detect disease.

Cell death affects morphology (the shape of the cell) and
function. Morphologic changes (both gross and micro-
scopic) can develop over a period of time, while loss of func-
tion may occur almost immediately. Because of this immedi-
ate loss of function, the clinical manifestations of cellular
injury may be present before the morphologic changes
occur.

CELLULAR ACCUMULATIONS

Overview: Substances can accumulate in cells as a result of
damage to the cell, or they can accumulate in the cells as the
result of an intrinsic abnormality in metabolic function (e.g.,
genetic disease). The accumulation of substances in a cell may
or may not cause damage to the cell. Substances that commonly
accumulate are lipofuscin (also referred to as wear-and-tear
pigment), calcium, protein, iron, fat, cholesterol, glycogen, and
pigments.

General mechanisms of cellular accumulations: Include
acquired or hereditary enzymatic defects, deposition of exoge-
nous substances, and decreased metabolism of substances,
which then accumulate.

LIPOFUSCIN
Basic description: Wear-and-tear pigment.
Mechanism of formation: Lipofuscin is a product of lipid per-

oxidation, which accumulates in lysosomes as the cell ages. The
cell cannot rid itself of these lipofuscin-laden lysosomes.
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Figure 1-7. Caseous necrosis of the lung due to pulmonary tuber-
culosis. A, Gross section. The soft, cheese-like nature of the
process is apparent (arrows). B, Microscopic section. The right
side of the section shows central necrosis, and the left side shows
large, activated (“epithelioid”) histiocytes and a multinucleated
giant cell (arrow). As in the case of liquefactive necrosis, tissue
architecture is completely obliterated in foci of caseous necrosis.
Hematoxylin and eosin, 200X.
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Organs with lipofuscin accumulation: The most common
organs where lipofuscin accumulates are the heart and liver.

Gross morphology of lipofuscin accumulation: Lipofuscin
accumulation can impart brown discoloration to organ. Such
organs may also be atrophic, giving rise to the term “brown
atrophy.”

Microscopic morphology of lipofuscin accumulation (Figure
1-8): Finely granular, yellow-brown pigment, which often sur-
rounds the nucleus.

CALCIUM ACCUMULATION

Two forms of calcium deposition: Metastatic and dystrophic

Mechanism of metastatic calcification: Patients who have
hypercalcemia have deposition of the calcium within normal or
abnormal tissue. Some causes of hypercalcemia include
increased parathyroid hormone (PTH) by a parathyroid ade-
noma or parathyroid gland hyperplasia; destruction of bone by
tumors, vitamin D intoxication, or renal failure; and sarcoido-
sis, where macrophages activate vitamin D precursor.

Mechanism of dystrophic calcification: Patients who have nor-
mal levels of calcium have deposition of the calcium only
within abnormal tissue, such as necrotic tissue.

Organs most commonly affected by calcium accumulation:
Vasculature, kidneys, and lungs.

Gross morphology of calcium accumulation (Figure 1-9):
Hard yellow nodules.

Microscopic morphology of calcium accumulation: Chunky,
smooth, purple granules.
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Figure 1-8. Lipofuscin pigment in macrophages in the liver. AlImost
all the cells in the photomicrograph contain finely granular, yellow-
brown pigment, which is lipofuscin. Lipofuscin is the product of
lipid peroxidation and free radical injury (wear-and-tear pigment)
and, therefore, accumulates as the cell ages. This patient had cen-
trilobular necrosis of the liver (normal hepatocytes are not visible in
this section). Centrilobular hepatocytes normally contain lipofus-
cin, and the death of the hepatocytes releases the pigment for
engulfment by macrophages. Hematoxylin and eosin, 400X.

Figure 1-9. Dystrophic calcification of a tricuspid aortic valve. Dys-
trophic calcification involves damaged tissue such as would occur
in an abnormal aortic valve (e.g., a bicuspid aortic valve, necrotic
tissue, or normal age-related wear and tear, such as the aortic
valve in elderly patients). The cusp on the right side of the photo-
graph has prominent nodules of calcium on the sinus side of the
valve leaflets (arrow).
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PROTEIN ACCUMULATION

There are many different causes of protein accumulation. Accu-
mulations often involve intermediate filaments; for example,
Mallory hyaline in the liver (Figure 1-10) and neurofibrillary
tangles seen in Alzheimer disease.

IRON ACCUMULATION

Two forms of iron accumulation: Hemosiderosis and
hemochromatosis

Hemosiderosis: Accumulation of iron in organs without result-
ant side effects. The iron pigment is frequently within
macrophages. Hemosiderin is a term used for aggregates of fer-
ritin micelles (it stains positive with a Prussian blue stain).

Hemochromatosis

Basic description: Accumulation of iron in parenchymal cells
resulting in side effects, including congestive heart failure, dia-
betes mellitus (from damage to the pancreas), and cirrhosis.
Hemochromatosis can be acquired or hereditary.

Organs affected by hemochromatosis: Most common organs
affected are the liver, skin, pancreas, and heart.

Microscopic morphology of iron accumulation (Figure 1-11):
Chunky, yellow-brown granules.

FAT ACCUMULATION (STEATOSIS)

Organs affected: Most common organs affected are the liver,
kidney, heart, and skeletal muscle.

Gross morphology of steatosis: Yellow discoloration of an
organ.

Microscopic morphology of steatesis (see Figure 1-10): One
or several clear vacuoles within the cell.

Important point regarding steatosis: Steatosis can indicate
reversible damage or may be the sign of an intrinsic abnormal-
ity in fat metabolism.
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Figure 1-10. Fatty liver with Mallory hyaline. The hepatocytes in this
photomicrograph show macrovesicular steatosis (one vacuole per
cell) (long arrow) and microvesicular steatosis (many vacuoles per
cell) (short arrow). The liver, along with the kidney and heart, are
most commonly affected by fatty accumulations. In the center of
the image is Mallory hyaline, the ropy, eosinophilic condensation
within the cleared-out hepatocyte (circle). Mallory hyaline is a pro-
tein accumulation that is most commonly associated with alcohol
use, and is composed of intermediate filaments. Hematoxylin and
eosin, 200X.

Figure 1-11. Hemosiderin within Kupffer cells in the liver. The
hemosiderosis in this patient resulted from extravascular hemoly-
sis. The hemosiderin represents iron accumulation from the break-
down of red blood cells. It has a characteristic chunky, yellow-
brown appearance (arrows). Hematoxylin and eosin, 400X .
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CHOLESTEROL ACCUMULATION

Organs affected: Blood vessels (by the process of atherosclero-
sis) or at sites of hemorrhage. Cholesterol accumulates within
phagocytic cells.

GLYCOGEN ACCUMULATION

Organs affected: Glycogen accumulates as part of glycogen
storage disorders (genetic diseases with a defect in enzymatic
pathway of glycogen, such as McArdle syndrome). The most
common organs affected are liver and skeletal muscle.

PIGMENTS

Exogenous pigments: Tattoos and anthracotic pigment,
which is carbonaceous debris from urban dwelling or ciga-
rette smoking (Figure 1-12 A and B).

Endogenous pigments: Melanin; bilirubin (Figure 1-13 A
and B).

Cellular Pathology

(k%S cmeioe® e @ R e e
Figure 1-12. Anthracosis of the lung. Anthracotic pigment is car-
bonaceous material that accumulates in the lungs of smokers, coal
miners, and persons living in a polluted environment such as a
large city. The black anthracotic pigment typically accumulates in
the pleural lymphatics (A), and microscopically has a finely stippled
black appearance, found in interstitial and alveolar macrophages
(B). Hematoxylin and eosin, 200X .
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CELLULAR AGING

Basic description: Tissue cells have a fixed number of divi-
sions, which they are capable of undergoing. Telomeres, or
TTAGGG repeats, protect the ends of the chromosome, and
they shorten with cell divisions. When the telomere is too short,
the DNA is interpreted as broken.

Immortal cells: Telomerase (present in germ cells and stem
cells) adds telomeres to the end of the chromosome, allowing
the cell’s lifespan to continue indefinitely.

WERNER SYNDROME
Manifestation: Premature aging.

Mutation: Defective DNA helicase.

CHAPTER 1
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Figure 1-13. Cholestasis within a cirrhotic liver. Cholestasis is the
accumulation of bile, an endogenous pigment produced by the
liver. Its accumulation can result from many processes, including
obstruction of the bile ducts. A, Grossly, cholestasis will result in a
green discoloration of the liver. The arrow indicates a portal vein
thrombus. B, Microscopically, bile is globular and yellow-green
(right side of the slide, within the dilated bile ductules). The arrows
indicate the accumulations of bile. Hematoxylin and eosin, 200X.
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CHAPTER 2

INFLAMMATION AND
REPAIR

OVERVIEW

Inflammation is the body’s mechanism for coping with agents
that could damage it. In other words, inflammation is a protec-
tive response to rid the body of the cause of cell injury and the
resultant necrotic cells that cell injury produces. Although the
processes of acute and chronic inflammation are an important
protective mechanism used by the body to deal with potentially
damaging agents, they are potentially damaging to the body and
must be closely regulated. The basic steps in acute inflamma-
tion allow white blood cells to move from the blood to the tis-
sue location where they are required. Acute inflammation can
resolve completely if the inciting agent is removed, or it can
have one of several other sequelae, including chronic inflamma-
tion. This chapter will discuss general concepts of acute and
chronic inflammation, specific features of acute inflammation
(including cardinal signs, causes, steps, and morphology and
outcomes), specific features of chronic inflammation, and
repair.

GENERAL CONCEPTS OF ACUTE AND
CHRONIC INFLAMMATION

Overview: The body must undergo changes locally through
vasodilation and increased vascular permeability in the area of
the agent inciting the inflammatory reaction to allow white
blood cells to accumulate. The white blood cells must then leave
the blood vessel, cross the basement membrane, and be drawn
to the area where they are needed. The process by which white
blood cells are drawn to the area where they are needed is
referred to as chemotaxis. Acute inflammation has a rapid
onset, lasts for minutes to days, and is characterized by exuda-
tion of fluid and protein from vessels and emigration of neu-
trophils. Acute inflammation is a protective process that is
designed to rid the body of the inciting agent and set up the
process of repair. Chronic inflammation has a longer time
course (days to years) and involves different cell types than does
acute inflammation (lymphocytes and macrophages versus
neutrophils). Also, in chronic inflammation, tissue repair coexists
with tissue destruction.
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ACUTE INFLAMMATION

Cardinal signs of acute inflammation: Rubor (red discol-
oration), calor (heat), dolor (pain), tumor (mass effect), and loss
of function.

Causes of acute inflammation: Infection, trauma, physical and
chemical agents, necrosis, foreign bodies, and immune reac-
tions.

Stages of acute inflammation (Table 2-1)
1. Vasodilation (after a transient vasoconstriction)

« How: Vasodilation occurs through release of mediators
from cells. These mediators include histamine, prostacyclin
(PGI,), and nitric oxide (NO).

« Why: Vasodilation increases the hydrostatic pressure by
causing slowing (sludging) of blood flow. Sludging of
blood also causes margination of leukocytes along the wall
of the blood vessel.

2. Increased vascular permeability (increased leakiness of
vessels)

« How: Increased vascular permeability occurs through
release of mediators from cells. These mediators include
histamine and leukotrienes C,, D,, and E,.

+ Why: Increased vascular permeability allows fluid to cross
into the interstitial tissue, which increases protein levels in
the interstitial tissue, thereby decreasing osmotic pressure
in the blood and increasing osmotic pressure in the inter-
stitial tissue. These changes cause fluid to flow out of the
vessel, leading to edema of the interstitial tissue.

+ Mechanisms of increased vascular permeability: Several
mechanisms increase vascular permeability, some of which
are physiologic and some of which are pathologic.

TABLE 2-1. Mediators of Acute Inflammation

Effect Produced Mediator Responsihle
Vasodilation Histamine, PGl,, NO
Increased vascular permeability Histamine, bradykinin, TNF, [L-1

Leukotrienes C4, D4, and E,

Rolling of white blood cells Sialyl-Lewis-X on white blood cells
E-selectin on endothelium

Pavementing of white blood cells LFA-1 and Mac-1 on white blood cells
ICAM-1 and VCAM-1 on endothelium

Transmigration CD31 (PECAM) on white blood cells and
endothelium

Chemotaxis—endogenous mediators Cha, LTBy, IL-8

Opsonins IgG, C3b, Collectins

PGl,, prostacyclin; NO, nitric oxide; TNF, tumor necrosis factor; IL, interleukin; LFA-1, leukocyte function-associated antigen-1; ICAM, intercellular adhesion
molecule; VCAM, vascular cell adhesion molecule; PECAM, platelet endothelial cell adhesion molecule; LTBy, leukotriene By.
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Endothelial contraction and retraction are physiologic
mechanisms and are due to mediators. Direct endothelial
injury is a pathologic mechanism due to damaging agents
not under the body’s control.

o Endothelial contraction (referred to as immediate-tran-
sient response)

= Mediators: Histamine, bradykinin, and leukotrienes.
= Vessels affected: Postcapillary venules.
= Time course: Immediate; short lived (up to 30 minutes).
o Endothelial cell retraction
= Mediators: Tumor necrosis factor (TNF) and inter-
leukins (e.g., IL-1).
= How: Structural rearrangement of cytoskeleton.
= Time course: 4-6 hours (referred to as delayed
response); long lived.
o Direct endothelial injury
= Mediators: Bacterial enzymes.
= Vessels affected: All.
= How: Endothelial cell necrosis.
= Time course: Immediate (referred to as immediate-
sustained response).
o Delayed prolonged response
= Due to ultraviolet light, x-ray, and mild thermal injury.
® Uncertain mechanism.
o Leukocyte-mediated damage
3. Movement of white blood cells from blood vessels into soft
tissue at the site of inflammation: The steps required are
rolling, pavementing, and transmigration. Chemotaxis is the

process by which white blood cells are drawn to the site of
acute inflammation.

Rolling
Basic description: Loose, intermittent contact of white
blood cells with endothelium, partially due to margination
of white blood cells from stasis of blood.

Mediators: Sialyl-Lewis X molecules on white blood cells
bind with E-selectins on endothelial cells.

Pavementing

Basic description: Tight, constant contact of white blood
cells with endothelium.

Mediators: Leukocyte function-associated antigen-1 (LFA-1)
and Mac-1 on white blood cells bind with intercellular adhe-

sion molecule 1 (ICAM-1) and vascular cell adhesion mole-
cule 1 (VCAM-1) on endothelial cells.

Transmigration
Basic description: White blood cells crossing through the
endothelial layer.

Mediators: CD31 or platelet endothelial cell adhesion mole-
cule (PECAM) on both white blood cells and endothelial
cells.
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CHEMOTAXIS

Basic description: Process by which white blood cells are
drawn to the site of inflammation.

Mediators
Exogenous mediators: Bacterial polysaccharides.

Endogenous mediators: C5a, leukotriene B, (LTB,), and IL-8.
The endogenous mediators act through various mecha-
nisms. With most, however, the activation of G-protein
receptors ultimately results in activation of GTPases, which
cause polymerization of actin.

The role of leukocytes (see Table 2-1)

White blood cells recognize foreign particles through man-
nose and scavenger receptors. Opsonins are particles that
bind to foreign material and signal leukocytes to remove it.
Types of opsonins include:

1. IgG (recognized by Fc receptor on white blood cells).
2. C3b (recognized by CR 1, 2, and 3 on leukocytes).
3. Collectins (recognized by Clq on leukocytes).

White blood cells engulf the foreign particles (most often
bacteria) using the above-mentioned receptors.

Killing and/or degradation of foreign substances occurs by
one of several methods:

o Reduced nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase (has membrane and cytoplasmic com-
ponent). It uses two oxygen molecules to produce a super-
oxide radical (O, ), and the superoxide radical converts to
hydrogen peroxide.

o Myeloperoxidase: Converts hydrogen peroxide and halo-

gen (Cl™) to HOCI, which causes halogenation or lipid or
protein peroxidation.

© Other methods of bacterial killing include bactericidal
permeability increasing protein, lysozyme, and major basic
protein.

DISEASES ASSOCIATED WITH IMPAIRED
INFLAMMATORY RESPONSE

CHRONIC GRANULOMATOUS DISEASE

Basic description: Loss of NADPH oxidase results in chronic
granulomatous disease. NADPH oxidase has two compo-
nents—membrane and cytoplasmic; both components must be
brought together for the enzyme to function.

Inheritance: The mutation for the autosomal recessive form of
chronic granulomatous disease results in a defective cytoplas-
mic component, and the mutation for the X-linked form of
chronic granulomatous disease results in a defective membrane
component.

Effect of mutation: Inability to form hydrogen peroxide.

Inflammation and Repair
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Important point regarding chronic granulomatous disease:
Many bacterial organisms produce hydrogen peroxide. The
hydrogen peroxide produced by bacteria can be utilized by
myeloperoxidase, thus bypassing the need for NADPH oxidase.
However, many organisms produce catalase, which degrades
the hydrogen peroxide they produce.

CHEDIAK-HIGASHI SYNDROME
Inheritance of Chédiak-Higashi syndrome: Autosomal recessive.

Mutation: A mutation occurs in a cytosolic protein, which plays
a role in vesicle traffic.

Effects of mutation: Decreased cellular killing of bacteria
because of reduced transfer of lysosomal enzymes to phagocytic
vesicles. Other effects of mutation include albinism, nerve
defects, and platelet disorders.

MORPHOLOGY OF ACUTE INFLAMMATION

Overview: Types of acute inflammation include serous, fibri-
nous, and purulent; however, mixed forms with features of one
or more of these types may be seen.

Serous inflammation
© Appearance: Relatively clear, watery fluid.

o Contents of fluid: Few cells; most of the inflammation is
fluid (i.e., a transudate; a protein-poor fluid with a specific
gravity < 1.012).

o Seen in: Viral infections and burns.

Fibrinous inflammation

o Appearance: Finely particulate, thick fluid.

o Contents of fluid: Much more protein and cells than serous
inflammation (i.e., an exudate; a protein-rich fluid with a
specific gravity > 1.020).

o Seen in: Uremic and postmyocardial infarct pericarditis.

Purulent inflammation (Figure 2-1 A, B, and C)

o Appearance: Pus (thick, white-yellow fluid).

o Contents of fluid: Neutrophils, protein, and necrotic cells
(i.e., an exudate).

© Seen in: Bacterial and fungal infections.

OUTCOMES OF ACUTE INFLAMMATION

Overview: Outcomes of acute inflammation include resolution,
abscess formation, ulcers, fistula formation, chronic inflamma-
tion, and scar formation.
Resolution
o Basic description: The inciting agent is removed, and all
damage done by the inciting agent and inflammatory cells
is repaired.
o Requirements for resolution: The organ affected must be

capable of regeneration, and the body must be capable of
completely dealing with the inciting agent.

CHAPTER 2

Figure 2-1. Purulent pericarditis and purulent pleuritis. A, In the
center of the photograph is a heart, with the respective lungs to
the right and left side of it. Covering most of the epicardial surface of
the heart and a patchy distribution of the visceral pleurae of the
lungs is a thick, yellow-white fluid, which is pus. Pus (i.e., purulent
fluid) is composed predominantly of neutrophils admixed with
plasma proteins and cellular debris. The source of most purulent
infections is often bacterial organisms. B, Pus within the pericardial
sac. G, A photomicrograph of the epicardial surface of the heart.
Note the thick layer of inflammatory cells, predominantly neu-
trophils on the left side of the image. Hematoxylin and eosin, 200X.
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o Important point: For epithelium to regenerate, the basement
membrane must be intact because it serves as the guide upon
which new cells are laid down. If the basement membrane is
destroyed, the new cells can be laid down, but they are unor-
ganized. For organs to regenerate, the framework (i.e., the
connective tissue scaffold) of the organ must be intact.

Abscess (Figure 2-2 A and B)

o Basic description: Walled off collection of pus (neu-
trophils and necrotic debris).

o Requirements for abscess formation: The body cannot rid
itself of the inciting agent, or the process of repair and
scarring is occurring more rapidly in the tissue around the
site of the abscess.

© Location: Any organ in the body.

o Complications of an abscess: Pain, fever, rupture, and
swelling.

Ulcer (Figure 2-3)

o Basic description: Loss of the mucosa and deeper tissues.
If only the mucosa is lost, the correct term is an erosion.

o Requirements for ulcer formation: The body cannot rid
itself of the inciting agent.

o Microscopic morphology of an ulcer: The ulcer has four
layers, which recapitulate steps from acute inflammation

to repair. The layers, from superficial to deep, are fibrin,
neutrophils, granulation tissue, and fibrosis.

[e]

Location: Most commonly seen in the gastrointestinal tract.

Complications of an ulcer: Pain; hemorrhage, if the ulcer
involves a vessel; and perforation, resulting in hemorrhage
within a cavity or the lumen of the gastrointestinal tract, or
seeding of the peritoneal cavity with the contents of the
gastrointestinal tract, causing peritonitis.

Fistula (Figure 2-4 A, B, and C)

o Basic description: Anomalous patent connection between
two organs; most commonly organs with a lumen.

o Requirement for fistula formation: Inflammatory process
involving full thickness of the wall of an organ, duct, or
blood vessel. The wall adheres to an adjacent wall, which is
subsequently involved by the inflammatory process, allow-
ing communication between the lumens.

e}

e}

Example: Enterocutaneous fistula (skin to colon, occur-

ring in colon cancer or inflammatory bowel disease).

o Complications: Depends upon the nature of the two
organs involved. For example, the fistula can serve as a
conduit by which infection can enter other organs or as a
conduit between a vessel and an organ, resulting in mas-
sive hemorrhage.

Chronic inflammation

Scar formation

o Basic description: Replacement of lost parenchyma with
disorganized connective tissue (e.g., collagen).

o Requirements for scar formation: Loss of tissue in an organ
not capable of regeneration or loss of basement membrane
or other framework required for successful regeneration.

o Complications: Loss of function.

Inflammation and Repair

Figure 2-2. Abdominal wall and splenic abscesses. An abscess is a
walled-off collection of pus. A, The abscess is in the right side of
the abdominal wall. B, The abscess is in the spleen. Abscesses can
rupture and release their contents (including bacteria) into body
cavities and hollow organs, such as the gastrointestinal tract.

Figure 2-3. Duodenal ulcers. The arrows indicate superficial ulcers
in the duodenum. Peptic ulcer disease is a chronic condition, often
due to infection with Helicobacter pylori. Stress ulcers, as shown in
the photograph, develop acutely, often due to burns, head injuries,
or other forms of physical stress.



Inflammation and Repair

CHRONIC INFLAMMATION

Overview: Prolonged inflammation consisting of active inflam-
mation and tissue destruction and repair, all occurring simulta-
neously. Chronic inflammation can follow acute inflammation,
but it can also occur as a low-grade, asymptomatic, prolonged
response to an inciting agent.

Causes of chronic inflammation: Viral, persistent microbial
infection, prolonged exposure to toxin, and autoimmune dys-
function.

Cells involved in chronic inflammation: Macrophages and
lymphocytes (Figure 2-5).
Activated macrophages produce
© Proteases, IL-1, TNF, arachidonic acid metabolites, NO
(IL-1 and TNF activate lymphocytes).

© Angiogenesis and growth factors, such as platelet-derived
growth factor (PDGF) or fibroblast growth factor (FGF).

Activated lymphocytes produce

© FGF stimulates fibroblasts to produce collagen, which
results in scarring.

© PDGF and transforming growth factor-f (TGF-B).

© Interferon-vy (activates macrophages).

Important type of chronic inflammation: Granulomatous
inflammation

Basic description of granuloma: Collection of epithelioid
histiocytes.

Morphology of granuloma: Collection of activated macro-
phages (i.e., epithelioid histiocytes); can have multinucleated
giant cells (Figure 2-6).

Causes: Mycobacteria, fungi, foreign material, sarcoidosis,
and silica.

REPAIR

Overview: The process of repair begins very early. Repair
involves regeneration of the parenchyma or replacement of
damaged tissue with a scar if regeneration is not possible. The
process of complete regeneration (i.e., resolution of acute
inflammation) requires an organ that is composed of cells that
can divide and an intact basement membrane and connective
tissue scaffolding.

Definitions: Healing versus regeneration

Regeneration is complete replacement of damaged cells,
with no scar formation.

© Can occur in renewing tissues (e.g., gastrointestinal tract
and skin).

© Can occur in stable tissues (e.g., compensatory growth in
the liver and kidney).

© Regeneration requires an intact connective tissue scaffold.

Healing is regeneration of cells combined with scarring and
fibrosis.
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Figure 2-4. Aortoduodenal fistula. This patient had an abdominal
aortic aneurysm, which was repaired with a graft. The graft
became infected and was surgically replaced with a neointimal
saphenous vein graft, which also became infected. A tract devel-
oped between the neointimal graft and the duodenum. There is a
defect in the neointimal aortic graft (A) (center of the photograph),
which communicated with the duodenum (B) through a fistula,
resulting in a massive amount of blood entering the gastrointestinal
tract, which is visible in the esophagus of the patient (C).
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Important mediators in repair

Epidermal growth factor (EGF): Stimulates granulation tissue
formation.

Vascular endothelial growth factor (VEGF): Induces blood
vessel formation.

PDGF: Promotes migration and proliferation of fibroblasts,
smooth muscle cells, and monocytes.

FGF: Stimulates blood vessel formation and wound repair
through macrophages, fibroblasts, and endothelial cell
migration.

TGF-B: Acts as growth inhibitor for epithelium.

Components of healing

Induction of inflammatory process to deal with the source of
injury (cell injury is prequel to healing). The inflammatory
process acts to contain damage, remove injuring substance,
remove dead tissue, and start deposition of extracellular
matrix.

Formation of new blood vessels.

Production of extracellular matrix, including collagen.
Tissue remodeling.

Wound contracture.

Increasing wound strength.

Replacement by scar: The following four processes occur.
1. Formation of new blood vessels (i.e., angiogenesis).

2. Migration and proliferation of fibroblasts.

3. Deposition of extracellular matrix.
4

. Maturation and reorganization of fibrous tissue. Tissue
remodeling is a balance between extracellular matrix synthe-
sis and degradation. Extracellular matrix is degraded by
matrix metalloproteinases (e.g., collagenases, gelatinases).

Time frame of scarring

Within 24 hours of onset of acute inflammation, the process
of scarring begins.

At 3-5 days, granulation tissue is formed. The term granula-
tion tissue indicates a proliferation of fibroblasts, new thin-
walled vessels, and loose extracellular matrix.

During week 2, collagen continues to be deposited and
edema and inflammatory cells are almost entirely absent.

By 1 month, the inflammatory infiltrate is absent and the
scar consists of collagen. The collagen strengthens over the
next few months.

Important point: Formation of the scar occurs via either first
or second intention.

HEALING BY FIRST INTENTION

Basic description: Healing of a wound that has clean edges, close
reapproximation of margins, and minimal tissue disruption.

Example: Healing of surgical incision.

Result: Small to nonexistent scar.

Inflammation and Repair

Figure 2-5. Chronic inflammation (chronic hepatitis). The portal
tract in the center of the photomicrograph contains an increased
number of lymphocytes. Lymphocytes and macrophages are the
cell type most commonly present in chronic inflammation. Chronic
inflammation is often due to an injurious stimulus that the body
cannot remove from its tissue. In chronic hepatitis, that injurious
stimulus is often an infection with hepatitis C virus. Hematoxylin
and eosin, 200X.

Figure 2-6. The photomicrograph shows granulomas in the left
lower corner, left upper corner, and right upper corner. Granulo-
mas are a collection of epithelioid histiocytes. Although multinucle-
ated giant cells are often present, their presence is not required as
a component of a granuloma. Granulomas are a specific form of
chronic inflammation, most commonly associated with foreign
bodies and some infections, including Mycobacterium tuberculo-
sis. Hematoxylin and eosin, 200X.
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HEALING BY SECOND INTENTION

Basic description: Healing of a wound that has unclean edges,
extensive tissue disruption, and tissue necrosis.

Example: Healing of a cutaneous ulcer or a large laceration
inflicted by a blow from a baseball bat.

Result: Larger, more prominent scar.

Important points

The wound has much more necrotic debris and fibrin clot,
which must be removed before the wound can be repaired.
Normal removal of this tissue as part of the repair process
can result in more damage by release of mediators from cells
summoned to remove the debris.

More granulation tissue is formed to bridge the gap between
the edges of the wound. More granulation tissue results in a
larger scar.

Wound contraction occurs, reducing the wound by 5-10% of
its full size. Wound contraction may occur due to contrac-
tion of myofibroblasts.

GENERAL WOUND HEALING

Figure 2-7. Keloid scar. Keloid scars are a form of exuberant scar-
Wound strength ring in which the boundaries of the scar extend beyond the bound-
aries of the wound. The ability to form keloid scars frequently
occurs within certain demographic populations, such as African
Americans.

Is about 10% of that of normal skin at 1 week (with no
sutures in place), increasing in amount of strength over the
following month.

After 2 or more months, the scar is fully healed, but still only
has three fourths of the strength of normal skin.
Factors that may impair the process of wound healing

General factors: Infections, nutritional deficiency (e.g., vita-
min C deficiency), and glucocorticoid therapy, which results
in decreased fibrosis.

Mechanical factors: Dehiscence is unintentional reopening
of the wound, often due to pressure or torsion.

Poor perfusion: Decreases amount of blood available for
healing.

Complications of cutaneous wound healing
Inadequate healing, leading to dehiscence or ulceration.

Excessive scar formation: Hypertrophic scars or keloid
scars. Keloid scars involve tissue beyond the boundaries of
the wound (Figure 2-7).

Contractures.
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CHAPTER 3

PATHOLOGY OF THE
IMMUNE SYSTEM

OVERVIEW

Diseases of the immune system take many forms, including
hypersensitivity reactions, autoimmune disorders, and
immunodeficiency states. Hypersensitivity reactions occur as
one of four types (types I-IV). Autoimmune diseases are the
result of a failure in the immune system to recognize self-anti-
gens, resulting in production of antibodies that react against
normal components of cells. Most of the autoimmune diseases
are associated with one or more specific antibodies, which can
be identified by laboratory tests to aid in diagnosis. Immunode-
ficiency states can be hereditary or acquired. A major cause of
acquired immunodeficiency is human immunodeficiency virus
(HIV) infection. The concepts of immunity are also important
in regard to transplantation efforts. This chapter will discuss
hypersensitivity reactions, transplantation pathology, autoim-
mune diseases, amyloidosis, and both hereditary and acquired
immunodeficiency.

HYPERSENSITIVITY REACTIONS

Overview: There are four types of hypersensitivity reactions,
each of which has a different mechanism. These four types of
hypersensitivity reactions will be discussed below.

TYPE | HYPERSENSITIVITY REACTION

Mechanism: Exposure to an antigen results in the formation of
IgE. The antigen reacts with CD4" cells, which differentiate to
Ty2 cells. T2 cells release interleukin-3 (IL-3), IL-4, and IL-5.
IL-5 stimulates eosinophils, and IL-4 activates IgE-producing B
cells. The IgE binds to mast cells. Subsequent exposure to the
same antigen results in binding of the antigen to IgE bound to
mast cells, with the consequence of degranulation of the mast
cells and release of mediators (e.g., histamine). The release of
mediators causes increased vascular permeability, leading to
edema and increased smooth muscle contraction and eventu-
ally to bronchoconstriction.

Sequence of events in type I hypersensitivity reaction

1. Early phase (occurs within 5-30 minutes of exposure to
antigen): Characterized by vasodilation, increased vascular
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permeability, and increased smooth muscle contraction. The
early phase is due to binding of antigen to IgE bound to mast
cells, with subsequent degranulation of the mast cells and
release of mediators.

2. Late phase (occurs after 2-24 hours and lasts for days):
Characterized by infiltration by neutrophils, eosinophils,
basophils, and monocytes, and results in mucosal damage
due to release of mediators by these recruited inflammatory
cells.

Forms of type I hypersensitivity reactions

Systemic anaphylaxis: Due to parenteral administration of
antigen; for example, a bee sting or a reaction to penicillin.

Local reaction: Urticaria (hives).

Causes: Penicillin, angiotensin-converting enzyme (ACE)
inhibitors, intravenous (IV) contrast and other drugs, proteins
(e.g., insect venoms), and food.

Clinical presentation of type | hypersensitivity reaction:
Symptoms and signs include abrupt onset (within 30 minutes
of exposure to antigen) of rash, nausea and vomiting and facial
swelling, wheezing and stridor, and hypotension and tachycar-
dia. Serum tryptase is a marker of anaphylaxis.

Complications of systemic anaphylaxis: Death due to airway
compromise from laryngeal edema.

TYPE 11 HYPERSENSITIVITY REACTION

Overview of general mechanism: Antibodies directed against
target antigens on cells or in extracellular matrix. The target
antigens may be endogenous or absorbed exogenous antigens.

Specific mechanisms: There are three specific mechanisms by
which type II hypersensitivity reactions occur. The three mech-
anisms are complement-dependent reactions, antibody-
dependent cell-mediated cytotoxicity, and antibody-mediated
cellular dysfunction.
Complement-dependent reactions
o Mechanism: Antibody bound to antigen can fix comple-
ment and cause direct lysis of the cell through production
of the membrane attack complex (MAC), or the comple-
ment can coat cells with C3b (an opsonin) and promote
phagocytosis of the antigen.
© Example: Glomerulonephritis.
Antibody-dependent cell-mediated cytotoxicity
o Mechanism: Cell types that bear receptors for the Fc
portion of IgG, such as neutrophils, eosinophils,
macrophages, and natural-killer (NK) cells, mediate
removal of antigen.
o Examples: Transfusion reactions, erythroblastosis fetalis,
and autoimmune hemolytic anemia.

Antibody-mediated cellular dysfunction

o Mechanism: Antibodies themselves affect function of the
antigen.

o Examples: Graves disease is due to an antibody that acti-
vates the thyroid-stimulating hormone (TSH) receptor,

Pathology of the Immune System
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resulting in hyperthyroidism. Myasthenia gravis is due to
antibodies against the acetylcholine (ACh) receptor,
impairing neuromuscular transmission.

TYPE 111 HYPERSENSITIVITY REACTION

Mechanism: Antibodies bind to the antigen, forming an
immune complex. The antigens can be exogenous (e.g., viral
proteins) or endogenous (e.g., DNA). These immune com-
plexes can form in situ, or they can form in the vasculature and
subsequently be deposited in organs, where they cause damage.
The immune complex causes activation of the complement cas-
cade. Note that immune complexes are commonly formed for
various reasons, but only under certain circumstances do they
elicit an immune reaction.

Examples: Immune—complex-mediated vasculitis and forms of
glomerulonephritis.

TYPE IV HYPERSENSITIVITY REACTION

General mechanism: Mediated by sensitized T cells rather than
by antibodies.

Specific mechanisms

Delayed form of type IV hypersensitivity reaction: CD4"
helper T cells (Tyl1 type) sensitized from previous exposure
to an antigen secrete interferon-y, which activates
macrophages. Activated macrophages secrete IL-12, which
causes differentiation of Ty1 cells.

© Microscopic morphology: Stimulation of macrophages
results in granulomas (i.e., collections of epithelioid histi-
ocytes).

© Inciting agents: Mycobacteria, fungi, and parasites.
o Examples: Tuberculin reaction and contact dermatitis.

Cell-mediated cytotoxicity: Sensitized CD8" cells kill
antigen-bearing cells. The antigens are presented by class I
major histocompatibility complex (MHC) molecules. There
are two mechanisms by which this occurs: the perforin-
granzyme system and the FAS-FAS ligand system.

o Perforin-granzyme system: Perforin produces holes in the
plasma membrane of cells, allowing granzyme to enter the
cells. Granzyme then activates apoptosis through stimula-
tion of caspase activity.

o FAS-FAS ligand system: The sensitized T lymphocytes
have FAS ligand, which binds to FAS on target cells, leading
to apoptosis.

TRANSPLANTATION PATHOLOGY

Overview: Rejection of transplanted organs may be cellular or
humoral, with cellular rejection mediated by T cells, and
humoral rejection mediated by antibodies. In addition, rejec-
tion may be classified based upon its timing following the
transplant procedure. The rejection can be hyperacute, acute, or
chronic.
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CELLULAR REJECTION

Mechanism: Cellular rejection is due to hypersensitivity of the
recipient’s CD4™ cells, which results in killing of graft cells by
CD8" cells that have matured into cytotoxic T lymphocytes.
The cytotoxic T lymphocytes kill graft cells through the per-
forin-granzyme pathway or the FAS-FAS ligand pathway.

Forms of cellular rejection

Direct: The body recognizes MHC molecules on the surface
of the antigen-presenting cells in the graft.

Indirect: Antigens of the graft are presented by the recipient’s
cells.

HUMORAL REJECTION

Overview: Humoral rejection is due to preformed antibodies or
formation of antibodies against graft vasculature.

CLASSIFICATION OF FORMS
OF REJECTION BASED UPON TIMING
OF REJECTION AFTER TRANSPLANTATION

Hyperacute rejection
Mechanism: Humoral reaction due to preformed antibodies
to graft endothelium.
Time course: Minutes following transplantation.
Morphology: Grossly, there is cyanosis of the organ and a

mottled parenchyma; microscopically, there is endothelial
injury, neutrophils in arterioles, and infarcts of parenchyma.

Acute rejection
Mechanism: Cellular or humoral reaction.
Time course: Days to months to years following transplanta-
tion.
Microscopic morphology of acute cellular rejection
(Figure 3-1): Interstitial mononuclear infiltrate, edema,
interstitial hemorrhage, and endothelialitis (i.e., swollen
endothelial cells).
Microscopic morphology of acute humoral rejection:
Necrotizing vasculitis, neutrophilic infiltrate, and infarcts of
parenchyma.
Important point: An acute cellular rejection will respond to
cyclosporine.

Chronic rejection
Mechanism: Possibly, the indirect form of cellular rejection
plays an important role.
Time course: 4-6 months to years following the graft.
Microscopic morphology: Vascular changes, interstitial
fibrosis, interstitial mononuclear infiltrate, and ischemia
with subsequent tissue loss.

Pathology of the Immune System

Figure 3-1. Acute cellular rejection in the kidney. In this low-power
view of a renal transplant, note the infiltrate of lymphocytes among
the glomeruli and renal tubules. Hematoxylin and eosin, 100X.
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HEMATOPOIETIC TRANSPLANTATIONS
GRAFT VERSUS HOST DISEASE (GVHD)

Basic description: Immune competent cells in the graft recog-
nize antigens in the host.

Occurrence: In bone marrow transplants; in solid organ trans-
plants when the organ is rich in lymphocytes (e.g., liver); and in
non-irradiated blood.

Forms of GVHD
Acute GVHD
o Time course: Days to weeks.

o Organs affected (and complications): Skin (rash), bile
ducts (jaundice), and gastrointestinal mucosa (bloody
diarrhea).

o Associated findings: Acute GVHD results in immunodefi-
ciency and thus patients can have secondary infections,
including cytomegalovirus (CMV) pneumonia.

Chronic GVHD

o Organs affected (and complications): Dermis and skin
appendages (fibrosis), bile ducts (cholestatic jaundice),
and esophagus (strictures).

o Associated findings: Chronic GVHD results in immunod-
eficiency; thus patients can have secondary infections,
including CMV pneumonia.

AUTOIMMUNE DISEASES

Overview: Autoimmune disease results from a failure of self-
tolerance. In self-tolerance, the body inactivates its immune
response against antigens, which are present on and in its own
cells. Autoimmune diseases can be organ specific or systemic,
and are often associated with a specific antibody (Table 3-1).

General mechanism: Loss of self-tolerance. Contributing fac-
tors include susceptibility genes (e.g., certain HLA types such as
B27 in ankylosing spondylitis) and infections. Infections may
upregulate expression of costimulatory proteins on antigen-
presenting cells, or microbes can have antigens that are similar
in structure to self-antigens. Antibodies against these foreign
antigens then cross-react with self-antigens.
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TABLE 3-1. Autoimmune Diseases and Their Associated
Antibodies

Disease

Associated Antibodies

Systemic lupus erythematosus ~ Anti-dsDNA, anti-Smith

Drug-induced lupus Antihistone

Rheumatoid arthritis IgM versus Fc portion of Ig

Sjogren syndrome Anti-SSA and anti-SSB

CREST syndrome Anti-centromere

Diffuse scleroderma Anti-scl70

CREST, calcinosis, Raynaud phenomenon, esophageal dysfunction, sclero-
dactyly, telangiectasis.
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SPECIFIC SYSTEMIC AUTOIMMUNE DISEASES

Overview: There are many different autoimmune diseases;
however, five common systemic autoimmune disorders (sys-
temic lupus erythematosus, rheumatoid arthritis, Sjogren syn-
drome, systemic sclerosis, and mixed connective tissue disor-
der) are discussed below.

1. Systemic lupus erythematosus (SLE)

Epidemiology: Individuals aged 2040 years (i.e., those of child-
bearing age). Of the general population, SLE occurs in 1 in 2500
individuals, with a 9:1 male to female ratio. In children and
older adults, the male to female ratio is more equal. SLE is more
common in African Americans.

Clinical presentation of SLE
Skin rash (malar, photosensitivity, discoid).

Arthralgias: Arthralgia, myalgia, and arthritis are often the
first complaint of patients diagnosed with SLE.

Pericarditis.

Renal dysfunction (proteinuria > 0.5 g/dL; cellular casts).
Neurologic disorder (seizures, psychosis).

Hematologic disorder (hemolytic anemia, leukopenia, lym-
phopenia, thrombocytopenia).

Immunologic disorder (anti-dsDNA antibody, anti-Smith
antibody, or antiphospholipid antibodies): The presence of
antiphospholipid antibodies is detected by a positive lupus
anticoagulant test, an abnormal level of IgG or IgM anticar-
diolipin, or a false-positive test for syphilis. Cardiolipin is a
constituent of material used in a syphilis test.

Antinuclear antibodies.
Associated antibodies: Anti-dsDNA, anti-Smith.

Mechanism of injury of SLE: Type III hypersensitivity reaction
(i.e., due to deposition of immune complex and subsequent
activation of the complement cascade).

Risk factors for SLE: Genetics and environment.

Important point: Opportunistic infections are the most com-
mon cause of death of patients with SLE. Renal and central
nervous system (CNS) diseases are the second most common
cause of death.

Morphology of SLE

Gross: Some findings include malar rash, serositis, and
Libman-Sacks endocarditis (1-3 mm nonbacterial vegeta-
tions on either surface of the leaflet—this is now seen less
because of the advent of corticosteroid therapy).

Microscopic: A general feature of SLE is the lupus erythe-
matosus (LE) cells in tissue, which are neutrophils contain-
ing phagocytized nuclei. A specific feature of SLE is renal
disease, which has five classes.

© Class I: No disease.

© Class II: Mesangial—increase in mesangial matrix, with
deposition of immune complexes.

Pathology of the Immune System
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© Class III: Focal proliferative glomerulonephritis—a few
glomeruli have proliferation of endothelial and mesangial
cells; associated with an increased number of neutrophils
and possibly fibrinoid necrosis (Figure 3-2).

© Class IV: Diffuse proliferative glomerulonephritis—most
if not all glomeruli have the changes described in Class III.

© Class V: Membranous glomerulonephropathy—glomeruli
have thickened basement membranes, producing a “wire-
loop” pattern.

Associated conditions: Two conditions often associated with
SLE are antiphospholipid antibody syndrome and drug-
induced lupus.

Antiphospholipid antibody syndrome

Basic description: This condition is due to an antibody that
delays clotting in vitro; in vivo, it induces a hypercoagulable
state.

Complications of antiphospholipid antibody syndrome:
Arterial and venous thrombi, spontaneous abortions, and
focal cerebral and ocular ischemia. The classic clinical triad is
thrombosis, thrombocytopenia, and recurrent abortions.

Forms of antiphospholipid antibody syndrome

© Primary: Occurs as a sole entity and is not associated with
SLE.

o Secondary: Occurs in patients with a diagnosis of SLE.

Drug-induced lupus

Basic description: Disease associated with certain drugs (e.g.,
hydralazine, procainamide, or D-penicillamine) that can cause
symptoms similar to SLE, such as arthralgia, fever, and serosi-
tis. Renal and CNS manifestations are rare, however.

Associated antibody: Antihistone antibodies.
Important point: The disease remits with removal of the drug.
2. Rheumatoid arthritis

Epidemiology: Rheumatoid arthritis is more common in
women than in men.

Clinical presentation of rheumatoid arthritis: Arthritis (non-
suppurative, proliferative arthritis), sometimes with extra-
articular symptoms due to involvement of skin, heart, blood
vessels, and lungs. The arthritis is characterized by warmth,
swelling, and tenderness in the joints, usually bilaterally and
most commonly in the hands. The classic presentation is morn-
ing stiffness > 1 hour duration. Signs include a boutonniere
deformity of the distal interphalangeal joint (DIP), a swan neck
deformity of the proximal interphalangeal joint (PIP), Baker
cysts, and rheumatoid nodules.

Associated antibodies: Rheumatoid factor (IgM antibody
against the Fc portion of IgG) in 70-80% of the patients.

Mechanism of injury: Type III hypersensitivity reaction.

Microscopic morphology of rheumatoid arthritis: In the joint, a
pannus forms. A pannus is proliferating synovial cells mixed
with inflammatory cells and granulation tissue. Pannus forma-
tion can lead to fibrosis and calcification of the joint space (i.e.,
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Figure 3-2. Focal proliferative glomerulonephritis in a patient with
systemic lupus erythematosus. Of the three glomeruli shown in the
photomicrograph, only the one on the far right shows any patho-
logic changes. Focally, there is an increased number of cells within
the glomerular tuft (at the 3-o’clock position). Hematoxylin and
eosin, 200X.
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ankylosis). Rheumatoid nodules have a central fibrinoid necro-
sis surrounded by palisading macrophages, with an outer rim of
lymphocytes and plasma cells (Figure 3-3 A and B).

3. Sjogren syndrome

Epidemiology: Usually occurs in women between the ages of
50 and 60 years.

Clinical presentation of Sjogren syndrome: Triad of dry
mouth, dry eyes, and an autoimmune disorder (usually
rheumatoid arthritis).

Associated antibodies

Anti-SSA (anti-ribonucleoprotein); patients with a high titer
of anti-SSA are more likely to have systemic manifestations.

Anti-SSB (anti-ribonucleoprotein).

Microscopic morphology: Lymphocytic and plasmacytic infil-
trate of salivary and lacrimal glands, which is associated with
ductal damage (Figure 3-4).

Complications of Sjogren syndrome: MALToma (neoplasm of
mucosa-associated lymphoid tissue); patients can also have
extraglandular involvement producing synovitis, pulmonary
fibrosis, and neuropathy.

4. Systemic sclerosis (scleroderma)

Basic description: Autoimmune condition associated with
fibrosis of organs involved.

Epidemiology: Usually occurs in individuals 50 to 60 years of
age and older; the ratio of occurrence is 3:1 female to male.

Clinical presentation
Limited scleroderma (also called CREST syndrome): Calci-
nosis, Raynaud phenomenon, Esophageal dysfunction, Scle-
rodactyly, and Telangiectasia.
Diffuse scleroderma: Widespread skin and visceral involve-
ment, including pulmonary fibrosis resulting in hyperten-
sion and renal involvement resulting in oliguric renal crises.

Associated antibodies
CREST syndrome: Anticentromere.
Diffuse scleroderma: Anti-Scl70 (against DNA topoiso-

merase I).

Microscopic morphology of systemic sclerosis: Fibrosis
involving dermis, muscularis of gastrointestinal tract, and alve-
olar septae in the lung and interlobular arteries in the kidney
and heart.

5. Mixed connective tissue disorder

Clinical presentation: Findings suggestive of SLE, polymyositis,
rheumatoid arthritis, and systemic sclerosis.

Associated antibodies: To ribonucleoprotein (RNP) particle
containing U1.

Important points: Patients have little or no renal disease and
respond well to treatment with corticosteroids.

Pathology of the Immune System

Figure 3-3. A, A low-power view of a rheumatoid nodule. B, A closer
view showing the central necrosis on the left side of the photomi-
crograph, with successive layers of palisading macrophages and
lymphocytes (to the right of the necrosis). Hematoxylin and eosin,
A, 40%; B, 400%.
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AMYLOIDOSIS

Overview: Amyloidosis is due to abnormal production and dep-
osition of protein. Within tissues of the body, there are several
types of amyloid, each of which is composed of a different pro-
tein and is associated with certain diseases (Table 3-2).

Microscopic morphology of amyloidosis
Light microscope: Amorphous, hyaline deposition that has
apple-green birefringence upon polarization after Congo red
staining (Figure 3-5).
Electron microscope: Most forms of amyloid are 7.5 to 10-
nanometer fibrils in a -pleated sheet configuration.

Some organs affected hy amyloidosis: Kidney, spleen, liver,
and heart.

Clinical presentation: Diastolic heart failure, macroglossia,
carpal tunnel syndrome, and chronic renal disease. Amyloidosis
is one of four causes of chronic renal disease associated with
enlarged kidneys; the other three causes are diabetes mellitus,
polycystic kidney disease, and HIV nephropathy.

HEREDITARY IMMUNODEFICIENCY STATES

Overview: There are many hereditary causes of immunodefi-
ciency. Major points regarding six of the more common forms
(X-linked agammaglobulinemia of Bruton, common variable
immunodeficiency, isolated IgA deficiency, hyper-IgM syn-
drome, severe combined immunodeficiency disease [SCID],
and Wiskott-Aldrich syndrome) are discussed below.

X-LINKED AGAMMAGLOBULINEMIA OF BRUTON
Inheritance pattern: X-linked recessive.

Mutated gene: Gene for B cell tyrosine kinase.

Mechanism: Failure of maturation of B cells. The B cells
undergo heavy chain rearrangement and then stop maturing.

Epidemiology: Manifest by the age of 6 months. The delay in
manifestations is because of the presence of maternal IgG.
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Figure 3-4. Salivary gland in a patient with Sjégren syndrome. This
section of submandibular salivary gland has a lymphocytic infiltrate
(in the left upper corner of the photomicrograph), associated with
some disruption of the glandular parenchyma. With such destruc-
tion of salivary gland tissue, the inability to produce saliva is
impaired; hence, the dry mouth associated with Sjégren syndrome.
Hematoxylin and eosin, 200X.

TABLE 3-2. Amyloidosis: Types, Constituent Protein, and Associated Diseases

Forms of Amyloidosis Type of Amyloid Protein Associated Disease
Systemic amyloidosis AL Ig light chain Multiple myeloma
AA Serum amyloid-associated protein Chronic inflammatory conditions;
hereditary amyloidosis
ATTR Transthyretin Systemic senile amyloidosis
Localized amyloidosis AB Amyloid precursor protein Alzheimer disease
A Cal Calcitonin Medullary thyroid carcinoma
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Manifestations of X-linked agammaglobulinemia of Bruton:
Recurrent infections are bacterial (e.g., Haemophilus influenzae,
Streptococcus pneumoniae, Staphylococcus aureus), some viral
(e.g., enteroviruses), and some parasitic (e.g., Giardia lamblia).
Patients have hypoplasia of tonsils and adenoids and very low
immunoglobulin levels.

Microscopic morphology: Underdeveloped germinal centers in
lymphoid organs.

COMMON VARIABLE IMMUNODEFICIENCY
Inheritance pattern: No one mode of inheritance.

Mechanism: B cells proliferate in response to antigen but can-
not produce Ig.

Epidemiology: Affects males and females equally; presents dur-
ing later childhood and adolescence.

Manifestations of common variable immunodeficiency: Same
as X-linked agammaglobulinemia of Bruton.

Microscopic morphology: Lymphoid follicular hyperplasia.

ISOLATED IGA DEFICIENCY

Mechanism: Defect in differentiation of B lymphocytes to IgA-
producing cells. Can be familial or acquired due to toxoplasmo-
sis or measles infections.

Epidemiology: 1 in 600 births; much more common in whites
than in African Americans and Asians.

Manifestations of isolated IgA deficiency: Recurrent sinopul-
monary infections, diarrhea, and increased incidence of
autoimmune diseases. Also, patients can develop an anaphylac-
tic reaction to blood transfusions.

HYPER-1GM SYNDROME

Mutation: Gene at Xq26—protein product is CD40L. This
mutation is found in 70% of patients; other patients have a
mutation of CD40.

Inheritance pattern: With the mutation of CD40L, inheritance
is X-linked recessive; with the mutation of CD40, it is autoso-
mal recessive.

Mechanism: T cells fail to stimulate B cells to produce antibody
other than IgM.

Manifestations of hyper-IgM syndrome: Recurrent pyogenic
infections and Prneumocystis pneumonia.

SEVERE COMBINED IMMUNODEFICIENCY
DISEASE (SCID)

Inheritance patterns
X-linked recessive (50—60% of cases)

o Mutation: Gene for common Y chain subunit of cytokine
receptors.

Pathology of the Immune System

Figure 3-5. Amyloidosis of the liver. This low-power view of the liver
shows sinusoids that are markedly expanded by a waxy, pale
eosinophilic, acellular material. This material is amyloid and would
show apple-green birefringence upon polarization after staining
with Congo red. Hematoxylin and eosin, 100X.
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o Mechanism: A defect in the cytokine receptor for IL-7 is
most important in causing the effects of the disease, since
IL-7 is required for proliferation of lymphocytes.

o Epidemiology: Male predominance.

Autosomal recessive

© Mutation: Gene for adenosine deaminase.

o Mechanism: Causes accumulation of deoxy-ATP, which is
toxic to lymphocytes.

Manifestations of SCID: Recurrent infections before the age of
6 months by a wide range of pathogens, including Candida,
various bacteria (e.g., Pseudomonas), and viruses (e.g., CMV,
varicella).

WISKOTT-ALDRICH SYNDROME
Inheritance pattern: X-linked recessive.

Manifestations: Thrombocytopenia with resultant bleeding at
the circumcision site; eczema and recurrent infections.

ACQUIRED IMMUNODEFICIENCY
SYNDROME (AIDS)

Cause: Infection with human immunodeficiency virus (HIV),
an RNA retrovirus.
Mechanism of transmission

Sexual: Virus is in semen (extracellular and in monocytes)
and enters the patient through tears in the mucosa.

Parenteral (e.g., IV drug abuse).
Mother-to-infant: Transmission can occur in utero, transpla-
cental, or intrapartum (during delivery).

Types
HIV-1: Found in individuals in the United States, Europe,
and Central Africa.
HIV-2: Found in individuals in West Africa.

Major proteins, genes, and their functions
gp120 and gp41.
p24 major capsid protein.
gag gene encodes p24.
pol gene encodes reverse transcriptase.

Mechanism of HIV infection

gp120 binds to CD4, which exposes the site for CXCR4 on T
cells and for CCR5 on macrophages. Then, gp41 undergoes a
change, which allows it to insert into the target membrane,
allowing viral-cell fusion.

Viral core enters the cell; the viral genome then undergoes
reverse transcription. In dividing cells, the cDNA enters the
nucleus and integrates into the viral genome.

When the infected cell is activated, proviral transcription
occurs, which results in lysis of cells.

HIV colonizes the lymphoid organs.
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Figure 3-6. Pneumocystis pneumonia and cytomegalovirus (CMV)
pneumonia. This HIV-positive patient had a pneumonia caused by
both Pneumocystis and CMV. Pneumocystis pneumonia produces
a “fluffy pink” exudate in the alveolar spaces (arrow). The arrow-
head indicates a CMV-infected cell. The inset in the right upper
corner of the photomicrograph better illustrates the characteristic
intranuclear inclusion produced in CMV-infected cells. Hema-
toxylin and eosin, 400X (main image) and 1000X (inset).
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Important point: HIV is infection with the virus; AIDS is a syn-
drome characterized by certain “AIDS-defining illnesses”™—in
other words, all people infected with HIV do not have AIDS.

Clinical features: Patients with AIDS are at risk for oppor-
tunistic infections and certain neoplasms, and have characteris-
tic CNS and renal findings.

1. Opportunistic infections

Cryptosporidiosis (causes enteritis).
Pneumocystis pneumonia (Figure 3-6).

Risk factor for Pneumocystis pneumonia: CD4* count
<200 cells/uL.

Clinical presentation: Fever, nonproductive cough, dyspnea,
increased level of lactate dehydrogenase (LDH), and diffuse
interstitial (“ground-glass”) pattern seen on a chest radi-
ograph. Hypoxemia is usually present and may be severe.
Toxoplasmosis (pneumonia or infection of CNS).
Cryptococcosis (causes meningitis).
Disseminated histoplasmosis.

Mycobacterium (infections with M tuberculosis or M avium-
intracellulare).

CMV (see Figure 3-6).
Bacillary angiomatosis (Bartonella henselae).
Candida esophagitis.
2. Neoplasms
Kaposi sarcoma (related to HHV-8) (Figure 3-7).

Non-Hodgkin lymphoma (B-cell lymphomas of the brain)
(Figure 3-8).

3. CNS involvement: Encephalitis characterized by giant cells;
also, vacuolar myelopathy and AIDS dementia.

4. Renal involvement: HIV nephropathy, focal segmental
glomerulosclerosis, and chronic renal disease characterized
by enlarged kidneys.

Pathology of the Immune System

Figure 3-7. Kaposi sarcoma. Kaposi sarcoma is a malignancy
derived from blood vessels and is found in patients with AIDS. The
histologic appearance of Kaposi sarcoma is a spindle cell neo-
plasm with extravasated red blood cells. Hematoxylin and eosin,
200X%.

Figure 3-8. B-cell lymphoma of the brain in a patient with AIDS.
The non-Hodgkin B-cell lymphoma in this patient is centered on
the septum pellucidum and fornix. Non-Hodgkin B-cell lym-
phomas of the brain occur with a higher frequency among patients
with AIDS when compared with a control population of non—HIV-
infected individuals.
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NEOPLASIA

OVERVIEW

Neoplasia is new growth. The terms benign and malignant cor-
relate to the course of the neoplasm. Benign neoplasms stay
localized in one place; malignant neoplasms invade surrounding
tissue and, in most cases, can metastasize to distant organs. To
become neoplastic, a normal cell must develop mutations that
allow it to no longer obey boundaries of adjacent cells, thus
allowing for uncontrolled growth, and the neoplasm must be
able to produce its own blood supply. If the neoplasm is malig-
nant, the cells must also gain the ability to invade the basement
membrane and surrounding tissue, enter the blood stream, and
spread to and grow within distant organs.

This chapter will discuss the basic terms associated with neo-
plasia, features used to distinguish benign neoplasms from
malignant neoplasms, epidemiology and etiology of neoplasms,
effects of tumors (including paraneoplastic syndromes), basic
carcinogenesis (including proto-oncogenes and tumor suppres-
sor genes), diagnosis (including tumor markers and immuno-
histochemistry), and basic grading and staging.

TERMINOLOGY OF NEOPLASIA

Overview: The terms tumor, nodule, and mass are nonspecific
terms that refer to an abnormal proliferation of cells. The term
neoplasm means new growth and does not imply benign or
malignant (i.e., there are benign neoplasms, and there are
malignant neoplasms).
Nomenclature for general categories of neoplasms

Adenoma: Benign neoplasm derived from glandular cells.

Carcinoma: Malignant neoplasm derived from epithelial
cells (Figures 4-1 and 4-2).

Sarcoma: Malignant neoplasm derived from mesenchymal
cells (e.g., fat, muscle).

Lymphoma: Malignant neoplasm derived from lymphocytes.
Melanoma: Malignant neoplasm derived from melanocytes.
Germ cell tumor: Malignant neoplasm derived from germ
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Nomenclature for benign neoplasms
In general, the name of a benign neoplasm often ends with
—oma.

Examples: Adenoma (benign neoplasm of glandular epithe-
lium), fibroadenoma (benign neoplasm of the breast), and
leiomyoma (benign neoplasm of smooth muscle).

Some exceptions: Hepatoma (malignant neoplasm of liver),
melanoma (malignant neoplasm of melanocytes), mesothe-
lioma (malignant neoplasm of mesothelial cells), and semi-
noma (malignant germ cell neoplasm of testis).

Nomenclature for malignant neoplasms
In general, the name of a malignant neoplasm often ends with
—carcinoma or —sarcoma.

Examples: Adenocarcinoma (malignant neoplasm of glan-
dular tissue), rhabdomyosarcoma (malignant neoplasm of
skeletal muscle), and leiomyosarcoma (malignant neoplasm
of smooth muscle).

Terminology related to microscopic appearance of
neoplasms

Differentiation: How histologically similar to the normal tis-
sue the neoplasm is (i.e., how analogous the neoplastic cells
look to the tissue type from which they arose)—terms used
are well differentiated, moderately differentiated, or poorly
differentiated (Figures 4-3 and 4-4). Differentiation is a sub-
jective determination made by the pathologist.

Anaplasia: Lack of differentiation.

Dysplasia: Disordered growth of epithelium. There is a loss
of cellular uniformity and architectural orientation. The cells
may have an increased number of mitotic figures. Dysplasia
does not necessarily form a mass or tumor. In many cases,
dysplasia is a precursor of malignancy, but dysplasia does not
always progress to malignancy. Dysplasia can be reversible, if
the inciting agent is removed (Figure 4-5).

Carcinoma in situ: Full-thickness dysplasia of the epithe-
lium.

Miscellaneous terminology related to neoplasms

Hamartoma: A disorganized collection of tissue, with the tis-
sue composing the mass being tissue that is normally found
in the organ in which the mass occurred; a hamartoma is not
a neoplasm.

Choristoma: A mass composed of ectopic tissue (i.e., other-
wise fairly normal tissue located at a site where it normally is
not found). A choristoma is not a neoplasm.

Polyp: Mass projecting from a mucosal surface. A polyp is a
descriptive term; the mass causing the polyp may or may not
be a neoplasm.

FEATURES USED TO DISTINGUISH BENIGN
NEOPLASMS FROM MALIGNANT NEOPLASMS

Histologic features of malignancy
Histologic features are reliable indicators of malignancy in
many organs, although in some sites (e.g., the endocrine

Neoplasia

Figure 4-1. Squamous cell carcinoma. Squamous cell carcinoma is
one of the major forms of carcinoma, occurring within many organs
including the mouth, upper respiratory tract, and lungs. In the cen-
ter of the photomicrograph is a keratin pearl, a characteristic fea-
ture of a well or moderately differentiated squamous cell carci-
noma. Hematoxylin and eosin, 400X.

Figure 4-2. Prostatic adenocarcinoma. Adenocarcinoma is one of
the major forms of carcinoma. In well and moderately differenti-
ated forms, the glandular histology is readily apparent (as in this
section). Hematoxylin and eosin, 400X .
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system), histologic features do not always distinguish benign
neoplasms from malignant neoplasms (Figures 4-6 and 4-7).
The histologic features of malignancy are listed below.

Pleomorphism: Variation in nuclear and cytoplasmic shape
between cells.

Abnormal mitotic figures and increased numbers of mitotic
figures.

Hyperchromasia: Increased basophilia of the nucleus.
Hypercellularity, with a loss of normal polarity.

Rate of growth

Benign neoplasms tend to grow slower; malignant neo-
plasms tend to grow more quickly, often at a rate correspon-
ding to their degree of anaplasia.

Growth fraction: The proportion of neoplastic cells in the
proliferative phase. At the point when most malignant
tumors are clinically detected, the growth fraction is usually
less than 20% (i.e., most neoplasms have their most rapid
rate of growth prior to detection).

Invasion and metastases (Figures 4-8 and 4-9)

Histologic features and rate of growth alone cannot always
distinguish between benign and malignant neoplasms. The
two features that reliably distinguish benign from malignant
neoplasms are (1) invasion, or the infiltration of tumor cells
into surrounding organs; and (2) metastases, or the spread of
tumor cells to distant organs through the blood, which is
characteristic of sarcomas, or through the lymphatics, which
is characteristic of carcinomas (Figure 4-10).

Some malignancies do not metastasize (e.g., gliomas and
basal cell carcinoma of the skin), but they do invade.

Overall, 30% of malignant solid tumors have metastases at
the time they are clinically detected.

CANCER STEM CELLS

Basic description: Cells that initiate and sustain a neoplasm.

Important points

Eradication of the neoplasm requires removal of the stem
cells.

Stem cells must have the BMI1 gene—the protein product of
the BMII gene inhibits pl6INK4a and pl4ARF. pl16INK4a
and p14ARF normally function to inhibit the cell cycle.

EPIDEMIOLOGY AND ETIOLOGY OF CANCER

Overview: In descending order of frequency, the most fre-
quently diagnosed neoplasms (i.e., incidence) in males are car-
cinomas of the prostate, lung, and colon. In females, the most
frequently diagnosed neoplasms are carcinomas of the breast,
lung, and colon. Mortality due to neoplasms varies slightly
from the incidence, with carcinomas of the lung accounting for
the most frequent cause of cancer deaths in males and females,
followed by prostatic and colonic neoplasms in males and
breast and colonic carcinomas in females.
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Figure 4-3. Well to moderately differentiated squamous cell carci-
noma. The cell of origin for this tumor (squamous cell) can be
determined from the histologic appearance of the tumor. The arrow
indicates the interconnecting nature of the cells. Keratin pearls and
intercellular bridges are characteristic of well to moderately differ-
entiated squamous cell carcinoma. Hematoxylin and eosin, 400X.

Figure 4-4. Poorly differentiated squamous cell carcinoma. Unlike
the neoplasm illustrated in Figure 4-3, the cell of origin for this
tumor cannot be adequately determined from the histologic
appearance alone. No keratin pearls or intercellular bridges are
apparent. Hematoxylin and eosin, 200X.
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Although the development of many neoplasms is a sporadic
event, certain heritable conditions predispose to the develop-
ment of malignancy. These hereditary causes of neoplasms may
be grouped into autosomal dominant neoplasia syndromes
(Table 4-1) and defective DNA repair syndromes (Table 4-2),
most of which are autosomal recessive. Importantly, although
certain mutations are associated with the development of cer-
tain malignancies, one mutation alone is NOT enough to result in
the development of a neoplasm.

Although there are familial neoplasms associated with spe-
cific inherited mutations, most familial neoplasms have no
identifiable inherited mutation. A familial neoplasm is defined
as a neoplasm seen in many generations in the same family. The
features of familial neoplasms include early onset, tumors in
two or more close relatives, and multiple or bilateral tumors.
Examples include breast, ovarian, and colon cancers. The risk
for these neoplasms can be increased in families, most times
with no well-defined hereditary condition. For example, the
mutations of the BRCA-1 and BRCA-2 genes are associated
with breast carcinoma; however, only 2—4% of families with
familial breast cancer have an identified mutation in either of
these two genes.

In addition to familial neoplasms, both with and without
an identifiable inheritable mutation, certain preneoplastic
conditions (Table 4-3), exogenous toxins (i.e., carcinogens)
(Table 4-4), and viral infections also predispose to the devel-
opment of neoplasms.

Viruses associated with neoplasms
1. Human T-cell leukemia virus type 1 (HTLV-1)

+ Associated neoplasm: Adult T-cell leukemia/lymphoma.

+ Mechanism: TAX gene of HTLV-1 can activate transcrip-
tion of host cell genes, including c-fos and interleukin-2
(IL-2), which are both important in the proliferation and
differentiation of T cells.

2. Human papillomavirus (HPV)

« Associated neoplasm: Squamous cell carcinoma of the
cervix (Figure 4-11).

+ Mechanism: Production of viral E6 and E7 proteins, which
interfere with the function of p53 and RB, respectively.

3. Epstein-Barr virus (EBV)

- Associated neoplasms: Burkitt lymphoma, post-trans-
plantation lymphoproliferative disorder, B-cell lymphomas
in AIDS patients, nasopharyngeal carcinoma, and some
cases of Hodgkin lymphoma.

« Mechanism: EBV enters B cells through binding with
CD21. EBV viral genes activate the transcription of latent
membrane protein-1 (LMP-1), which activates nuclear fac-
tor-Kp (NF-kf and JAK/STAT (Janus kinase/signal trans-
ducers and activation of transcription) signaling pathway.
Activation of the JAK/STAT pathway promotes B cell sur-
vival.

4. Hepatitis B virus (HBV)
« Associated neoplasm: Hepatocellular carcinoma.

+ Mechanism: Through chronic inflammation; also because
HBYV protein binds p53, interfering with its function.

Neoplasia
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Figure 4-5. Dysplasia. This photomicrograph illustrates colonic dys-
plasia in a tubular adenoma. The gland in the left lower corner is
dysplastic. The epithelial cells have features of neoplasia (i.e.,
increased cellularity, hyperchromatic nuclei, and mitotic figures).
The remainder of the glands shown in the photomicrograph are
histologically normal. Dysplasia is often a precursor of malignancy.
Hematoxylin and eosin, 400X.

Figure 4-6. Cellular features of malignancy. The photomicrograph
illustrates an anaplastic neoplasm with hypercellularity, nuclear
hyperchromasia (black arrows), and mitotic figures (white arrow).
However, in most cases, cellular features alone cannot distinguish
a benign neoplasm from a malignant neoplasm. Hematoxylin and
eosin, 400X.
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5. Helicobacter pylori: MALTomas of the stomach (neoplasm
of mucosa-associated lymphoid tissue).

6. Human herpesvirus 8 (HHV-8): Primary effusion lymphoma
and Kaposi sarcoma.

EFFECTS OF TUMORS

Overview: The effects of tumors are often based upon the loca-
tion of the tumor; however, neoplasms and their products can
also have more systemic effects, such as cachexia and paraneo-
plastic syndromes.

Effects of tumors based upon location (Figures 4-12 and
4-13): Consider the location of the tumor to determine the
effects. The following list is an extensive, but not exhaustive, list
of various effects neoplasms may have based upon their location.

A 2.0-cm tumor in the brainstem may kill a patient; a 2.0-cm

tumor in the leg may not even be noticed.

A space-occupying lesion can obliterate bone marrow caus-

ing pancytopenia, impinge upon the brain leading to hernia-

tions, or it can block a cardiac valve orifice.

Growth of a mass can impinge upon vasculature and can

cause ischemia and infarction of tissue (with arterial com-

pression) or congestion and infarction of tissue (with venous
compression).

Invasion of a blood vessel can lead to hemorrhage within a

cavity (e.g., pleural or peritoneal) or hemorrhage into an

organ, causing symptoms of hemoptysis or blood in the
urine or feces.

Invasion of a nerve can lead to neurologic deficits or pain.

A mass can cause ulceration of overlying mucosa.

A mass in the brain can serve as a focus for seizures or other
neurologic deficits.

A mass can obstruct the colon causing constipation; obstruct
the bile duct causing jaundice; or obstruct the bronchus
causing pneumonia or bronchiectasis.

Bone destruction can lead to fracture (i.e., pathologic fracture).

Cachexia

Basic description: Loss of body fat and muscle; weakness
and anorexia associated with a neoplasm.

Mechanism: Caused by cytokines produced by the tumor (pos-
sibly tumor necrosis factor) and by host response to the tumor.

Paraneoplastic syndromes
Basic description: Side effects of a neoplasm not attributa-

ble to functions normally associated with the cell type of ori-
gin or by the location of the tumor.

Types of paraneoplastic syndromes, including production of
hormone-like proteins and nerve and muscle syndromes, are
listed below.
1. Hormone production
- Parathyroid hormone (PTH)-like protein: Produced by
squamous cell carcinoma of the lung, breast carcinoma,
and renal cell carcinomas; results in hypercalcemia.
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Figure 4-7. Abnormal mitotic figure. In the center of this photomi-
crograph is a neoplastic cell with a tripolar mitotic figure. Although
increased numbers of mitotic figures can be seen in non-neoplas-
tic cells (e.g., normal epithelial cells and reactive processes),
abnormal mitotic figures usually indicate a neoplastic process, and
most often a malignant process. Hematoxylin and eosin, 400X.

Figure 4-8. Colonic adenocarcinoma with invasion into the muscu-
laris propria. This low-power photomicrograph of the colonic mus-
cularis propria illustrates invasion into the wall by a colonic adeno-
carcinoma. Invasion as well as metastases is a definite indicator of
a malignant neoplasm. Hematoxylin and eosin, 40X.
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- Adrenocorticotropic hormone (ACTH)-like protein: Pro-
duced by small cell lung carcinoma and pancreatic carci-
noma; results in Cushing syndrome.

+ Syndrome of inappropriate antidiuretic hormone (SIADH):
Produced by small cell carcinoma of the lung and cerebral
neoplasms; results in retention of water.

« Erythropoietin: Produced by renal cell carcinoma, hepato-
cellular carcinoma, and cerebellar hemangioblastoma;
results in polycythemia.

2. Nerve and muscle syndromes, including Lambert-Eaton
syndrome, which is a myasthenia gravis-like syndrome pro-
duced by small cell carcinoma of the lung and is due to anti-
bodies against presynaptic Ca** channels at the neuromus-
cular junction.

CARCINOGENESIS

Overview: For a cell to change from a normal cell to a malignant
cell, it must follow several steps.

1. Acquire self-sufficiency in growth signals and ignore growth-
inhibitory signals.
2. Evade apoptosis, since apoptosis is the body’s mechanism to

rid itself of cells with genetic damage so they cannot propa-
gate that damage.

. Acquire defects in DNA repair.
. Acquire the ability to divide an unlimited number of times.

. Promote angiogenesis.

A U W

. Invade surrounding tissue, passing through the basement
membrane and spreading to distant organs (i.e., metastasize).

Process of carcinogenesis

The cell acquires mutations, which are nonlethal, so the cell
can survive to divide and thus propagate the mutations.
Mutations are acquired through damage caused by initia-
tors. Promoters cause cell growth through promotion of the
cell cycle and thus cause the propagation of mutations
induced by initiators. Neither an initiator nor a promoter
acting on its own can cause neoplasia; both must act on the
cells.

Genes most commonly affected during carcinogenesis

Proto-oncogenes: Proto-oncogenes are genes commonly
used during normal growth and development; without con-
trol, they have the potential to produce neoplasms through
their uncontrolled expression. Oncogenes are genes that have
made the transition and are now capable of producing neo-
plasms. Most commonly, oncogenes cause unregulated cell
growth through promotion of cellular division, which results
in further mutations.

Tumor suppressor genes: Genes that function to help con-
trol cell growth; their loss thus results in uncontrolled cell
growth through loss of regulation of division.

Apoptosis genes.
DNA repair genes.

Neoplasia

Figure 4-9. Colonic adenocarcinoma metastases to the liver. The
tan-yellow nodules in the left and right lobes of this liver are metas-
tases from a colonic adenocarcinoma. Metastasis as well as inva-
sion is a definite indicator of a malignant neoplasm. The most com-
mon malignant neoplasm of the liver is a metastasis; however, the
most common malignancy that metastasizes to the liver is a pul-
monary neoplasm.

Figure 4-10. Lymphatic invasion by a carcinoma. The clusters of
neoplastic cells in the center of this photomicrograph represent
lymphatic invasion by a carcinoma (the lymphatics are within the
lung). Malignant neoplasms most commonly metastasize via lym-
phatic or hematogenous routes. Lymphatic metastases are most
commonly associated with carcinomas, and hematogenous metas-
tases are most commonly associated with sarcomas. Hematoxylin
and eosin, 400X.
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TABLE 4-1. Autosomal Dominant Neoplasia Syndromes

Syndrome Gene Chromosome Location Associated Neoplasm(s)

Familial retinoblastoma RB 13q14 Retinoblastoma, osteosarcoma

FAP APC b5g21 Colonic adenocarcinoma

Li-Fraumeni p53 17p13.1 Sarcomas, breast carcinoma

MEN 1 MEN1 11913 Pituitary adenomas, parathyroid hyperplasia,
(menin) pancreatic endocrine neoplasms

MEN 2a RET 10g11.2 Medullary thyroid carcinoma, pheochromocytoma

VHL VHL 3p25 Cere'bellar hemangioblastoma, renal cell

carcinoma

RB, retinoblastoma; FAP, familial adenomatous polyposis; APC, adenomatous polyposis coli; MEN, multiple endocrine neoplasia; RET, rearranged during
transfection; VHL, von Hippel-Lindau.

Table 4-2. Defective DNA Repair Syndromes
Syndrome Inheritance Pattern Gene Associated Neoplasm(s)

Xeroderma pigmentosum Autosomal recessive One of several for nucleotide ~ Skin cancer
excision repair

Ataxia-telangiectasia* Autosomal recessive ATM Lymphoid malignancies

Hereditary nonpolyposis Autosomal dominant MSH2, MLHI1, MSH6 Colonic adenocarcinoma
colon cancer

ATM, ataxia-telangiectasia mutated.
*Ataxia-telangiectasia is also associated with cerebellar ataxia.

Tahle 4-3. Preneoplastic Conditions™*

Persistent regeneration and repair Hepatocellular carcinoma arising in cirrhosis

Hyperplastic process Endometrial carcinoma arising in endometrial hyperplasia

Dysplastic process SCC of cervix arising in CIN; colonic adenocarcinoma arising in adenomatous
polyp

Chronic inflammation Gastric adenocarcinoma arising in atrophic gastritis; colonic adenocarcinoma

arising in ulcerative colitis

SCC, squamous cell carcinoma; CIN, cervical intraepithelial neoplasia.

*Although this table lists non-neoplastic processes that have the potential to promote a neoplastic process, not all forms of the listed preneoplastic conditions
have the potential for development of a neoplastic process. For example, most forms of chronic pancreatitis are not thought to predispose to the development
of pancreatic adenocarcinoma.
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Important points regarding genes involved with
carcinogenesis

No one mutation will result in a malignant neoplasm; malig-
nant neoplasms result from the survival of cells that have
accumulated multiple mutations.

Conversion of one of the two allelic genes from a proto-
oncogene to an oncogene is sufficient to promote neoplasia.
However, it requires loss of both tumor suppressor genes to
promote neoplasia, as one of the two genes is sufficient to
produce enough product to inhibit neoplasia.

Methods of conversion of proto-oncogene to oncogene
Overexpression of the gene.
Amplification of the gene.
Point mutation in the gene.

Translocation of the gene to another region with resultant
overexpression of the gene, or resultant production of pro-
tein with oncogenic activity.

Role of oncogenes
Overview: Once converted from proto-oncogenes, oncogenes
function by synthesizing growth factors, growth factor recep-
tors, signal-transducing proteins, and nuclear transcription fac-
tors, or by promoting loss of regulation of cyclins and cyclin-
dependent kinases.

1. Synthesize growth factors to which the neoplastic cell is also
responsive. For example, glioblastomas produce platelet-
derived growth factor (PDGF).

2. Synthesize growth factor receptors. For example,

+ RET receptor for glial cell line-derived neurotrophic fac-
tor—in medullary and papillary thyroid carcinoma (MEN
syndrome).

+ ERB B1, an epidermal growth factor (EGF) receptor, is
overexpressed in squamous cell carcinoma of the lung.

+ ERB B2, an EGF receptor, is overexpressed in 25% of breast
carcinomas.

3. Synthesize signal-transducing proteins: An example of a
specific gene is the RAS gene.

+ Incidence of mutations in RAS gene: Mutations of the RAS
gene are in 30% of all malignant neoplasms and in 90% of
pancreatic adenocarcinomas.

+ Role of normal RAS gene: The RAS gene codes for protein
that is associated with a growth factor receptor. When stim-
ulated by a growth factor, RAS binds guanosine triphos-
phate (GTP) and activates the mitogen-activated protein
(MAP) kinase pathway, which results in activation of tran-
scription. The RAS protein is controlled by its GTPase
activity; it cleaves the GTP bound to it to guanosine
diphosphate (GDP), which inactivates the RAS protein.

Effects of mutations in the RAS gene: The RAS protein

loses its GTPase activity, so it remains activated, resulting in

continual promotion of transcription.

4. Synthesize nuclear transcription factors: An example of a
specific gene is the MYC gene.

Neoplasia

Table 4-4. Select Carcinogens and Their Associated
Neoplasms

Carcinogen

Associated Neoplasm(s)

Aflatoxin Hepatocellular carcinoma

Thorotrast Angiosarcoma of the liver

Vinyl chloride  Angiosarcoma of the liver

Asbestos Mesothelioma, bronchogenic carcinoma
Arsenic Squamous cell carcinoma of the liver
Aniline dyes Transitional cell carcinoma of the bladder

Nitrosamines  Gastric adenocarcinoma

Polycyclic Bronchogenic carcinoma

hydrocarbons

Figure 4-11. Cervical dysplasia. Those cells lining the top half of the
cervix shown in the photomicrograph are dysplastic (increased cel-
lularity, loss of polarity, increased nuclear hyperchromasia, and
increased numbers of mitotic figures). Those lining the lower half
of the cervix shown in the photomicrograph are more histologically
normal in appearance. Cervical dysplasia is a precursor to cervical
squamous cell carcinoma, and is a result of infection with human
papillomavirus. Hematoxylin and eosin, 200X.
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+ Neoplasms associated with mutations of the MYC gene:
Burkitt lymphoma; also amplified in breast, lung, and
colon cancers.

* Role of normal MYC gene: MYC protein binds to DNA and
activates transcription of several genes, including cyclin-
dependent kinases (CDK). CDK proteins help drive the cell
through the cell cycle.

+ Effect of activation to oncogene: Overexpression of MYC
results in overpromotion of the cell cycle.

5. Loss of regulation of cyclins and cyclin-dependent
kinases.

Mutations in tumor suppressor genes
Important point: The two-hit hypothesis implies that with
many hereditary neoplasms a tumor suppressor gene is
involved. The protein product from one gene is enough to pre-
vent neoplasms from developing; however, individuals born
with a mutation of one gene are one step closer to the develop-
ment of a neoplasm than those born with two normal genes.
Select tumor suppressor genes: Within neoplasms, the most
common tumor suppressor genes with mutations are
retinoblastoma and p53.

1. Retinoblastoma (RB) gene
- Associated neoplasms: Familial retinoblastoma and
osteosarcoma; breast cancer and small cell lung carcinoma.

* Role of normal RB gene: Retinoblastoma binds E2F tran-
scription factor, which is needed for the cell to move from
the G1 phase of the cell cycle to the S phase. When
retinoblastoma is phosphorylated, the E2F is released and
the cell moves through the cell cycle.
Effect of mutations of RB gene: Can affect retinoblastoma
or the proteins that phosphorylate retinoblastoma, result-
ing in hyperphosphorylation of RB.
2. p53gene
+ Incidence: Mutations of the p53 gene are found in more
than 70% of tumors.
+ Role of normal p53 gene
+ Activated by DNA damage.
+ p53 arrests the cell cycle by transcription of CDK1 (p21),
which inhibits cyclin/CDK complexes and prevents phos-
phorylation of RB.

+ p53 promotes production of GADD45, which helps
repair the cell.

« If cellular damage is not repaired, p53 promotes induc-
tion of the Bax gene, which in turn promotes apoptosis.

3. Other tumor suppressor genes include APC/B-catenin,
INK4a/ARF, TGF-B, NF-1, VHL, and PTEN, as described below.

APC/B-catenin

Normal function of protein product: APC protein down-reg-
ulates 3-catenin.
Effect of mutation: Elevated levels of B-catenin result in

interaction with TCF, which results in increased levels of
¢-MYC and cyclin D1.
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Figure 4-12. Carcinoma metastatic to the bone marrow. The nor-
mal hematopoietic cells have been replaced by neoplastic cells.
Only the bony trabeculae are still visible in the section. The effects
of such a metastatic neoplasm would be related to the loss of nor-
mal hematopoietic cells (e.g., anemia, increased risk for infections,
bleeding disorder). Hematoxylin and eosin, 20X.

Figure 4-13. Carcinoma metastatic to the vertebral column. This
vertebral column has metastases (white arrows). The effects of
such metastases (i.e., to the bone) would be the weakened struc-
tural integrity of the bone and predisposition to fractures (black
arrow). When fractures of the bone are due to an underlying
process, such as a malignant neoplasm, they are referred to as
pathologic fractures.
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Incidence: Found in 70-80% of nonfamilial colon carcino-
mas; also found in 50% of hepatoblastomas and 20% of

Tahle 4-5. Select Tumor Markers and Their Associated

. Neoplasm
hepatocellular carcinomas. .
Tumor Marker Associated Neoplasm(s)
INK4a/ARF
Prostate-specific antigen Prostatic adenocarcinoma

Normal function of protein product: Blocks cyclin D-CDK4

activity in the cell cycle.

Incidence: 20% of familial melanomas, 50% of pancreatic
adenocarcinomas, and squamous cell carcinomas of the

Carcinoembryonic antigen Colonic and pancreatic
adenocarcinoma

esophagus. o-Fetoprotein (AFP) Hepatocellular carcinoma,
TGF-§ (transforming growth factor beta) yolk sac tumors

Incidence: Inactivated in more than 70% of colon cancers in
patients with hereditary nonpolyposis colon cancer
(HNPCC) and in patients with sporadic colon cancer with

B-Human chorionic Choriocarcinoma
gonadotropin (B-hCG)

microsatellite instability.

Associated mutation: SMAD4 (originally termed DPC4
[deleted in pancreatic cancer]). SMAD4 encodes part of

Tartrate resistant acid Hairy cell leukemia
phosphatase

the TGF-f3 growth inhibitory pathway. Mutations of SMAD4 CA-125

) . ) Ovarian carcinoma
are seen in 50% of cases of pancreatic adenocarcinomas.

NF-1 S-100 Melanoma

Normal function of protein product: Neurofibromin is a

GTPase-activating enzyme. Alkaline phosphatase Bony metastases

Effect of mutation: RAS is trapped in an active form.
Associated neoplasms: Neurofibromas and malignant
peripheral nerve sheath tumors.

VHL

Normal function of protein product: VHL protein is a ubig-
uitin ligase whose substrate includes HIF-1, which regulates
vascular endothelial growth factor (VEGE).

Associated neoplasms: Nonfamilial renal cell carcinomas.

PTEN (phosphatase and tensin homologue)
Normal function of protein product: Blocks the cell cycle by
increased transcription of p27.
Effect of mutation: Cells are allowed to easily progress into
the cell cycle.

Incidence: Frequently found in endometrial carcinomas and
glioblastomas; associated with Cowden syndrome.

Apoptosis genes
1. Bel-2
Normal function: Inhibitor of apoptosis.
Method of activation: Often a translocation of bcl-2 gene

adjacent to a more heavily used gene, such as the immuno-
globin (Ig) heavy chain gene.
Consequence of activation: Increased production of bcl-2,
resulting in inhibition of apoptosis.
Associated neoplasm: Follicular lymphoma.

2. p53
Normal function: Promotes production of Bax (a pro-
apoptotic gene).
Consequence of mutation: Less p53 results in less Bax, which
indirectly causes inhibition of apoptosis.
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DNA repair defects

Basic descriptions

Microsatellites: Repeats of 1-6 nucleotides in the genome;
these are fixed and do not change.

Microsatellite instability: Changes in microsatellites, indica-
tive of a DNA repair defect.

DNA repair defects occur in one of three systems: Recombina-
tion repair, mismatch repair, or nucleotide excision.
Development of ability to invade and metastasize

1. Detachment of cells (example method: down regulation of
e-cadherin seen in colon and breast carcinomas).

2. Attachment to matrix (general method: expression of
increased numbers of laminin and fibronectin receptors).

3. Degradation of extracellular matrix (general method: pro-
duction of metalloproteinases).

4. Migration of tumor cells (general method: increased expres-
sion of CD44 adhesion molecule, which is used by T lym-
phocytes to migrate to lymph nodes).

GENERAL MORPHOLOGY OF CANCER
DEVELOPMENT IN EPITHELIAL CELLS

Overview: Normal cells progress through hyperplasia (increase
in the number of normal cells) to dysplasia (disorganized cell
growth, with cells having hyperchromasia, mitotic figures, and
increased nuclear to cytoplasmic ratio) to in situ carcinoma
(dysplastic changes throughout the full thickness of the epithe-
lium with no evidence of invasion), to invasive carcinoma
(tumor cells invading through basement membrane), and
finally to metastatic carcinoma (tumor cells spreading to dis-
tant organs).

TUMOR ANTIGENS

Basic description: Antigens specific for the tumor, which can
provoke an inflammatory response.
Mechanisms of production
Product of mutated oncogene or tumor suppressor gene.
Protein produced by oncogenic virus.
Altered cell surface glycoprotein/glycolipid.
Overexpressed protein.
Oncofetal antigens.
Cell-type-specific differentiated antigen (such as expression
of CD10).
Methods of evading detection by immune system
Growth of antigen-negative variant.

Apoptosis of cytotoxic T cells through production of FAS
ligand.

Immunosuppression.
Loss of MHC molecule.
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Tahle 4-6. Select Immunohistochemical Stains

Immunohistochemical Stain

Cytokeratin

Neoplasms that Stain Positive

Carcinomas

Desmin

Benign and malignhant neo-
plasms of smooth and skeletal
muscle

Glial fibrillary acidic Astrocytomas
protein (GFAP)
HMB-45 Melanoma

o-Fetoprotein (AFP)

Hepatocellular carcinoma, yolk
sac tumor

Chromogranin A

Small cell carcinoma
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DIAGNOSIS OF NEOPLASMS

Overview: Noninvasive methods to detect neoplasms at an early
point in their development are crucial to improving prognosis.
Tumor markers are proteins secreted into the blood by neo-
plasms, allowing for diagnosis of the tumor or for monitoring
of the tumor following treatment (Table 4-5). Metastatic nod-
ules and poorly differentiated neoplasms, as well as those shar-
ing histologic features, may be difficult to diagnose microscopi-
cally; and, in the case of metastatic nodules, determining the
site of origin is crucial for patient care. Immunohistochemistry
is a specialized form of histology employing antibodies to iden-
tify specific proteins within the tumor to allow for better differ-
entiation of tumor type (Table 4-6).

GRADE AND STAGE

Grade is the differentiation of a tumor as determined by the
pathologist (i.e., subjective evaluation). Differentiation is how
similar the tumor cells look when compared with the cell type
of origin. For example, well-differentiated squamous cell carci-
noma looks very similar to stratum corneum, and poorly differ-
entiated squamous cell carcinoma may be difficult to determine
without immunohistochemical stains directed against squa-
mous cell-specific proteins.

Stage is the extent of the tumor based upon both objective
pathologic and objective clinical criteria. The most common
system used is TNM (T = tumor characteristics, N=lymph
node status, and M = metastases). The stage of the tumor has
good prognostic value.

Neoplasia



ENVIRONMENTAL AND
NUTRITIONAL PATHOLOGY

The list of toxins the human body can be exposed to is exten-
sive. Since the list of toxins and their pathologic effects is so
numerous, only some of the major toxins and their effects will
be discussed in this chapter. Of these, by far the two most com-
monly encountered toxins are tobacco smoke and alcohol. In
addition to a few major toxins, this chapter will also discuss
very basic physical trauma and nutritional deficiencies.

The metabolism of xenobiotics (i.e., mechanism for removal
of foreign substances such as drugs from the body) occurs via
two phases. Phase I reactions involve attachment of polar func-
tional groups to the substance, and phase II reactions involve
conjugation of the substance. One important point concerning
therapeutic implications is the concept that genetic variations
in levels of cytochrome P-450 isozymes produce both “rapid
metabolizers” and “slow metabolizers” and can result in toxic
levels of medication in a patient on an otherwise normal thera-
peutic dose.

Constituents: Polycyclic aromatic hydrocarbons, arsenic, nickel,
carbon monoxide, hydrogen cyanide, nicotine.

Effects of nicotine: Increased heart rate, increased blood
pressure.

Important points

About 30% of all cancer deaths and 90% of all lung cancer
deaths are related to smoking.

Pregnant females who smoke 10 or more cigarettes a day can
induce hypoxia in their fetuses, which leads to complications
that include decreased fetal weight and prematurity and to
premature rupture of membranes and placental abruption
at the time of delivery.
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Toxic levels
Naive users: 0.3 to 0.4 mg/dL can result in coma or death.

Tolerant users: Can develop levels up to 0.7 mg/dL.

Complications of ethanol use by organ system

Liver: Fatty change; hepatitis due to direct toxic effect of
ethanol on hepatocytes; and cirrhosis, which occurs in only
10-15% of chronic alcoholics.

Central nervous system (CNS): Thiamine deficiency, which
may present as Wernicke encephalopathy (Figure 5-1) or
Korsakoff syndrome (amnesia and confabulation). Morpho-
logic features of thiamine deficiency include periventricular
hemorrhage and petechiae of the mammillary bodies and
cerebellar atrophy. Complications of ethanol use include
alcohol withdrawal and associated delirium tremens.

Cardiovascular: Dilated cardiomyopathy, hypertension.
Gastrointestinal: Gastritis, pancreatitis.

Reproductive: Fetal alcohol syndrome is associated with
mental retardation, microcephaly, maxillary hypoplasia,
smooth philtrum, short palpebral fissure, and atrial septal
defects.

Mechanism: Chronic alcohol use causes depression of o-recep-
tors and P-receptors and enhances y-aminobutyric acid
(GABA), which serve as a stimulus to increase baseline neu-
ronal activity. Therefore, when alcohol is withdrawn, patients
have a sudden excited state of CNS activity because the depres-
sive effect of the alcohol is removed.

Clinical presentation: Tachycardia, hypertension, tremulous-
ness, and hyperreflexia.

Complications of alcohol withdrawal: Seizures (10%); halluci-

nations, usually visual (25%); and delirium tremens (5%).

Severe alcohol withdrawal is life threatening, causing dehydra-

tion, hyperthermia, and electrolyte imbalances. A cardiac dys-

rhythmia can occur due to hypokalemia or hypomagnesemia.
Delirium tremens: Confusion, disorientation, tactile halluci-
nations (often of bugs on skin), and marked tremor.

Treatment of alcohol withdrawal: Benzodiazepines; treatment
of dehydration and electrolyte disturbances.

Mechanism
Blocks reuptake of dopamine, activating reward centers in
the CNS.

Blocks reuptake of norepinephrine and epinephrine, leading
to vascular constriction.

Complications: Sudden cardiac death, atherosclerosis, cardiac
hypertrophy, intracerebral hemorrhage, rhabdomyolysis, pla-
cental abruption.

Environmental and Nutritional Pathology

Figure 5-1. Wernicke encephalopathy. Note the punctate hemor-
rhages in the mammillary bodies. Wernicke encephalopathy is a
complication of chronic alcohol abuse due to an accompanying
thiamine deficiency.
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Source
Occupational: Painting, foundry work, mining.
Nonoccupational: Children eating lead-based paint chips.

Complications: Anemia; chronic renal tubulointerstitial dis-
ease; in children, bone defects.

Clinical presentation: In children, abdominal pain is a com-
mon complaint. Findings include microcytic hypochromic ane-
mia with basophilic stippling of red blood cells and lead lines
on the gingivae and in long bones seen on plain films.
Encephalopathy is seen in severe cases. Saturnine gout is char-
acterized by the triad of lead nephropathy, gout, and hyperten-
sion, and is associated with homemade “moonshine” produced
in lead-containing stills.

Mechanism: Colorless gas with the odor of almonds. It binds
and inactivates cytochromes of the electron transport chain,
thus inhibiting the biochemical pathway of respiration.

Clinical presentation: Commonly seen with smoke inhalation;
occasionally seen with nitroprusside toxicity. Patients have
rapid onset of weakness, shortness of breath, convulsions, and
coma. Patients present with cherry red skin due to impaired
extraction of oxygen from hemoglobin.

Mechanism: Hemoglobin has 200 times more affinity for car-
bon monoxide than for oxygen. Carboxyhemoglobin binds
oxygen more avidly, resulting in impaired delivery of oxygen to
tissues.

Presentation: Common in smoke inhalation, enclosed expo-
sure to automobile exhaust, or in the wintertime with home
furnaces. Patients present with cherry red skin (classic), flu-like
symptoms, headache, and neurologic symptoms (Figure 5-2).

Acute disease: Features include atrophy of bone marrow, ery-
thema of skin, edema and ulcers of the gastrointestinal tract,
and edema and necrosis of the brain.

Delayed disease: Features include leukemia, atrophy of the
epidermis, and fibrosis of the dermis (600-1000 times increased
risk of skin cancer), ulcers and fibrosis of the stomach, and
white matter gliosis.

Severity of disease is based upon roentgen-equivalent-man
(REM) exposure. For example,

< 200 REM: Subclinical effects.
200-600 REM: Hematologic effects predominantly with
decreased neutrophils and lymphocytes.

600-1000 REM: The above listed hematologic effects plus
gastrointestinal effects of pronounced nausea, vomiting, and
diarrhea.

Figure 5-2. Cherry-red lividity due to carbon monoxide poisoning.
This man committed suicide by remaining in a car with the win-
dows closed and the engine running. Carbon monoxide produces a
bright red discoloration of the blood. In this case, the lividity (post-
mortem change due to settling of the blood in dependent regions of
the body) is cherry red in color instead of the usual red-purple, due
to the carbon monoxide, which is irreversibly bound to the hemo-
globin.



Environmental and Nutritional Pathology

1000 REM: The above listed hematologic and gastrointesti-
nal effects plus CNS effects of confusion, convulsions, and
coma.

Complication of ultraviolet radiation: Increased risk of skin
cancer.

Basic descriptions (Figures 5-3 and 5-4)
Abrasion: Forceful removal of epidermis.

Contusion: Hemorrhage into soft tissue due to forceful rup-
turing of blood vessels.

Laceration: Splitting of skin due to blunt force. Unlike an
incision, lacerations have nerves, vessels, and strands of soft
tissue, which bridge the wound.

Figure 5-3. Contused abrasion of the scalp. This lesion on the scalp

!"Fised wound: Sharp force injury; the wound is longer than features components of both a contusion (black arrow) and an
itis deep and has no bridging. abrasion (white arrow).

Stab wound: Sharp force injury; wound is deeper than it is

long.

Gunshot wound (Figure 5-5): Important point for determi-
nation of distance—when the projectile leaves the barrel,
soot (burned gunpowder), unburned gunpowder, and hot air
also leave the barrel and can produce changes on the skin.
Soot will travel up to 6 to 8 inches. Unburned gunpowder will
travel up to 1 to 3 feet and strike the skin, causing small abra-
sions (i.e., stippling).

Basic descriptions
Full-thickness burn: Involvement of epidermis, dermis, and
dermal appendages.
Partial thickness burn: Involvement of epidermis and
potentially the superficial dermis.

Important point: Involvement of > 50% of the total body
surface area is serious (i.e., potentially lethal).

Figure 5-4. Laceration. Within the depths of this wound, note the
Complications of thermal burns vessels crossing perpendicular to the defect. This feature is bridg-
ing. The presence of bridging will distinguish a laceration from an
incised wound. Incised wounds do not have tissue bridging.

Edema, due to loss of protein.
Electrolyte imbalances.
Infections—particularly Pseudomonas.

Increased heat loss, which induces a hypermetabolic state
that requires increased nutrition.

Forms of environmental hyperthermia: Heat cramps, heat
exhaustion, heat stroke.
Heat cramps
Mechanism: Loss of electrolytes through sweating.
Manifestations: Muscle cramps.
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Heat exhaustion

Mechanism: Failure of the cardiovascular system to
compensate for hypovolemia, which is secondary to water
depletion.

Manifestations: Sudden prostration and collapse.

Heat stroke
Mechanism: Generalized peripheral vasodilation.
Complications: Necrosis of skeletal and cardiac muscle.
Important point: If the rectal temperature is > 41°C
(> 106°F), patients have a high mortality rate (i.e., 50%
chance of death).

Other forms of hyperthermia

Malignant hyperthermia: Idiosyncratic reaction to succinyl-
choline and halogenated anesthetics characterized by muscle
rigidity, hyperthermia, and hypertension.

Neuroleptic malignant syndrome: Reaction associated with
use of neuroleptic drugs.

Mechanism of injury: Crystallization of water; vasoconstriction
can contribute to ischemia.

Important points: If body temperature is < 32°C (< 90°F), a
patient can lose consciousness and develop bradycardia or
atrial fibrillation. Osborne waves on the electrocardiogram are
classic.

Basic description: Malnutrition due to inadequate calories.
Manifestations: Growth retardation, decreased muscle mass.

Important point: Albumin level is normal.

Basic description: Malnutrition due to protein deprivation,
which is out of proportion to the total reduction in calories.

Manifestations: Edema due to hypoalbuminemia; fatty liver.

Basic description: Self-induced starvation.

Effects of anorexia

Decreased levels of gonadotropin-releasing hormone
(GnRH), leading to amenorrhea.

Decreased levels of thyroid hormone leading to cold intoler-
ance, bradycardia, and other signs and symptoms of
hypothyroidism.

Cardiac arrhythmias due to hypokalemia.

Figure 5-5. Gunshot wound, close range. Surrounding this
entrance-type gunshot wound is a wide rim of soot (arrow). Also
adherent to the skin are several pellets of gunpowder (arrow-
heads). When gunpowder particles strike the skin, they cause
punctate abrasions, referred to as stippling. If only stippling and no
soot are present around the gunshot wound, it is considered inter-
mediate range.



Basic description: Binge eating followed by purging (i.e., vom-
iting).
Effects of bulimia: Cardiac arrhythmias due to hypokalemia,

pulmonary aspiration of gastric contents, esophageal rupture.

Important point: Enlargement of the parotid gland and abra-
sions on the dorsal aspect of fingers from inducing vomiting are
commonly seen.

TABLE 5-1

Vitamin B, (thiamine) deficiency

Wernicke encephalopathy: Clinical presentation includes
ataxia, delirium, ophthalmoplegia, and horizontal nystag-
mus.

Korsakoff syndrome: Clinical presentation includes amnesia
and confabulation.

Periventricular hemorrhage and necrosis in the brain and
petechiae of the mammillary bodies.

Dry beriberi: General term for the effects of thiamine defi-
ciency in the CNS; covers both Wernicke encephalopathy
and Korsakoff syndrome.

Wet beriberi: High output cardiac failure.

Vitamin B, (riboflavin) deficiency: Cheilosis, stomatitis, sebor-
rheic dermatitis, anemia, weakness.

Vitamin B; (niacin) deficiency: Causes pellagra, the triad of
diarrhea, dementia, and dermatitis.

Vitamin Bg (pyridoxine) deficiency: Glossitis, cheilosis.

Vitamin B,, deficiency

Causes: Strict vegetarians; pernicious anemia, which results
in decreased levels of intrinsic factor; Diphyllobothrium
latum infection, which impairs absorption of vitamin B,, in
the terminal ileum.

Clinical presentation: Megaloblastic anemia, peripheral
neuropathy, and subacute combined degeneration.

Laboratory findings: Anemia with high mean corpuscular
volume (MCV), hypersegmented neutrophils, elevated
homocysteine and methylmalonic acid levels, and abnormal
Schilling test, depending on the cause of deficiency.
Folate deficiency
Causes: Pregnancy; diet low in fresh vegetables.
Clinical presentation: Megaloblastic anemia with hyperseg-
mented neutrophils. A peripheral neuropathy is not seen.
Vitamin A deficiency
Causes: Fat malabsorption, laxative abuse, and alcohol use.

Clinical presentation: Night blindness (earliest manifesta-
tion); xerosis and corneal ulceration.

Environmental and Nutritional Pathology

Complications of Vitamin Deficiency

Wernicke encephalopathy, Korsakoff
syndrome, wet beriberi

B, (thiamine)

B, (riboflavin) Cheilosis, stomatitis, seborrheic

dermatitis

B; (niacin) Pellagra (diarrhea, dementia and
dermatitis)

Bs Glossitis, cheilosis

Bis Megaloblastic anemia

C Coagulopathy, poor wound healing

Folate Megaloblastic anemia

A Night-blindness, xerosis, corneal ulcer

D Rickets in children; osteomalacia in
adults

E Gait disturbances, ophthalmoplegia

K Coagulopathy
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Vitamin C deficiency (scurvy)
Cause: Malnourishment.

Clinical presentation: Bleeding gums, ecchymoses on
extremities, poor wound healing, and classic “corkscrew
hairs.”

Vitamin D deficiency: Rickets in children and osteomalacia in
adults.

Vitamin E deficiency: Gait disturbances, ophthalmoplegia, and
hyperreflexia.
Vitamin K deficiency

Causes: Fat malabsorption and use of warfarin, which is a
competitive inhibitor of vitamin K (Figure 5-6).

Features: Bleeding; prolonged prothrombin time.

Figure 5-6. Abdominal wall hemorrhage due to warfarin therapy. In
this photograph, the body has been opened and the thoracic and
abdominal organs removed. For orientation, the pelvis is on the left
side of the photograph and the ribs are on the right side. Note the
extensive hemorrhage in the abdominal wall. In the lower half of
the image, the clotted blood is easily visible, whereas in the upper
half, the clotted blood appears as a blue-purple discoloration
through the intact peritoneum. Warfarin is a competitive inhibitor of
vitamin K and, thus, patients on warfarin therapy hemorrhage
more easily after even minor trauma.
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CHAPTER 6

GENETIC DISORDERS

OVERVIEW

There are three major types of mutations: (1) genome muta-
tions, which involve loss or gain of an entire chromosome; (2)
chromosomal mutations, which involve alterations in one or
more chromosomes that are usually identifiable by karyotyp-
ing; and (3) gene mutations, which are partial or complete dele-
tion of the gene or alteration of the base. Genome mutations
usually result in death of the fetus, or death during infancy or
early childhood.

Many diseases have a genetic component, albeit without a
specific identifiable gene mutation. Such conditions are said to
have a multifactorial inheritance pattern. Examples of such dis-
eases include coronary artery disease, hypertension, gout, and
diabetes mellitus.

When discussing genetic diseases, some definitions are
important to remember: (1) hereditary or familial, a condition
derived from parents (i.e., a condition that is transmitted in the
germ line); and (2) congenital, a condition that is present at
birth. Not all hereditary conditions are congenital, and not all
congenital conditions are hereditary. Some hereditary condi-
tions are manifested at the time of birth or shortly thereafter,
and many manifest later in life.

The overall effects of the mutation of a single gene include
(1) an enzyme defect; (2) defects in membrane receptors and/or
transport system; (3) alterations in structure, function, or
quantity of nonenzymatic protein; or (4) mutations resulting in
unusual reactions to drugs. An enzyme defect can cause accu-
mulation of substrate, a metabolic block resulting in a
decreased amount of needed end product, or failure to inacti-
vate a tissue-damaging substrate.

AUTOSOMAL DOMINANT DISORDERS

Overview: In general, autosomal dominant disorders have
reduced penetrance and variable expressivity. They usually do
not encode enzymes because a loss of up to 50% of an enzyme’s
activity can be compensated for by activity of the enzyme
encoded by the normal allele (Table 6-1).
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FAMILIAL HYPERCHOLESTEROLEMIA

Mutation: Low-density lipoprotein receptor gene (LDL); there
are more than 100 known mutations.

Mechanism: The LDL receptor recognizes apolipoprotein B100
or apolipoprotein E; therefore, a mutation of the receptor
results in impaired uptake of cholesterol into cells.
Manifestations of familial hypercholesterolemia

Elevated cholesterol level: Heterozygotes have half the nor-
mal amount of LDL receptors and two to three times the
normal level of cholesterol; homozygotes have five or more
times the normal level of cholesterol.

Tendon sheath xanthomas, corneal arcus, and xanthelasma.

Early atherosclerosis and its consequences; homozygotes usu-
ally die of cardiovascular disease before the age of 30 years.

FAMILIAL POLYPOSIS COLI (FAMILIAL
ADENOMATOUS POLYPOSIS, OR FAP)

Mutation: APC gene on chromosome 5q21.

Mechanism: The APC (adenomatous polyposis coli) protein
degrades B-catenin (accumulated B-catenin activates transcrip-
tion of genes such as MYC and cyclin D1)—therefore, by allow-

ing B-catenin to accumulate, a mutation of the APC gene pro-
motes cell proliferation.

Manifestations of FAP: Multiple (> 100) colonic polyps and
congenital hypertrophy of the retinal pigment epithelia. A sub-
set of patients with FAP develops various extraintestinal mani-
festations such as osteomas and soft tissue tumors (Figure 6-1).

Complications: Development of invasive colonic adenocarci-
noma in all patients by the fifth decade of life.

HEREDITARY SPHEROCYTOSIS
Inheritance pattern: Can be autosomal dominant or autosomal
recessive; the autosomal recessive form is more severe, however.

Mutation: Gene for ankyrin, spectrin, band 4.1, or band 3.

Manifestations of hereditary spherocytosis

Anemia, due to extravascular hemolysis because affected red
blood cells do not deform well in transit through the spleen.

Splenomegaly due to sequestration of abnormal red blood
cells in the spleen.

Cholelithiasis caused by increased production of bile pig-
ments from hemolysis of red blood cells.

Laboratory testing: Increased osmotic fragility.

Treatment of hereditary spherocytosis: Splenectomy.

MARFAN SYNDROME

Mutation: Fibrillin-1 gene on chromosome 15g21.

Mechanism: Fibrillin provides support for deposition of
tropoelastin and production of elastic fibers.

Genetic Disorders

TABLE 6-1. Autosomal Dominant Genetic Disorders
Disorder Protein Involved

Familial hypercholesterolemia LDL receptor

Familial adenomatous APC protein

polyposis

Hereditary spherocytosis Ankyrin, spectrin, band
4.1, or band 3

Marfan syndrome Fibrillin-1

Neurofibromatosis, type 1 Neurofibromin

Neurofibromatosis, type 2 Merlin

Tuberous sclerosis Hamartin, tuberin

LDL, low-density lipoprotein; APC, adenomatous polyposis coli.

Figure 6-1. Familial adenomatous polyposis. Patients with this
hereditary condition develop hundreds of adenomas in their colon,
and eventually develop invasive colonic adenocarcinoma. This low-
power view of the colon shows two tubular adenomas (arrowheads)
with intervening normal colonic mucosa. Hematoxylin and eosin,
20X.



Genetic Disorders

Manifestations of Marfan syndrome by organ system

Skeletal: Long arms and legs and long fingers (arach-
nodactyly).

Eye: Bilateral dislocation of the lens (ectopia lentis).
Cardiovascular

© Aortic root dilation, leading to aortic insufficiency.
© Myxomatous mitral valve.

© Ascending thoracic aortic aneurysms.

© Aortic dissection associated with cystic medial degenera-
tion.

NEUROFIBROMATOSIS (NF): TYPES 1 AND 2
NEF-1
Mutation: NF-1 gene on 17q11.2; there is a high rate of sponta-

neous mutations (occurring in roughly 50% of new cases of
NEF-1).

Mechanism: The NF-1 gene product, neurofibromin, is a
guanosine triphosphatase (GTPase)-activating protein that
influences normal Schwann cell proliferation and differentia-
tion. Although its role remains incompletely understood, it is
thought to act as a tumor suppressor protein.

Incidence: 1 in 3000 individuals in the general population.

Manifestations of NF-1 (Figure 6-2)

Neurofibromas (proliferation of Schwann cells, perineurial
cells, and fibroblasts): The three types of neurofibromas are
cutaneous, subcutaneous, and plexiform.

Café-au-lait spots (pigmented cutaneous macules).
Lisch nodules (iris hamartomas).

Optic gliomas (e.g., pilocytic astrocytomas).

Important points regarding NF-1: Plexiform neurofibromas can
transform into malignant peripheral nerve sheath tumors; in
contrast, malignant transformation of superficial neurofibro-
mas is extremely rare (Figure 6-3).

NEF-2

Mutation: NF-2 gene on chromosome 22q12.

Mechanism: The NF-2 gene product merlin is a protein that
binds to cellular membranes and cytoskeletal components (par-
ticularly actin) and plays a role in regulating contact inhibition

and proliferation of Schwann cells. Like the NF-1I gene, the NF-
2 gene is thought to act as a tumor suppressor gene.

Incidence: 1 in 40,000 to 50,000 in the general population.

Manifestations of NF-2: Bilateral acoustic schwannomas, mul-
tiple meningiomas.

VON HIPPEL-LINDAU (VHL) DISEASE
Mutation: VHL gene on chromosome 3p25.
Associated neoplasms: Renal cell carcinoma, pheochromocy-

tomas, hemangioblastomas of the central nervous system, and
retinal angiomas.
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Figure 6-2. This patient had type 1 neurofibromatosis. Note the
cutaneous neurofibromas (arrow) and café-au-lait spots (arrow-
head).

Figure 6-3. Malignant peripheral nerve sheath tumor. This patient
had type 1 neurofibromatosis. A plexiform neurofibroma in the
pleural cavity underwent malignant degeneration, resulting in a
malignant peripheral nerve sheath tumor. The tumor encased the
left lung and heart, with only a small focus of invasion into the pul-
monary parenchyma (not in the photograph). The photograph
shows a bisected left lung with the tumor at its periphery.
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TUBEROUS SCLEROSIS

Mutation: Gene for hamartin on chromosome 9 or tuberin on
chromosome 16.
Manifestations

Cerebral cortical hamartomas (tubers).

Subependymal giant cell astrocytomas (Figure 6-4).

Seizures and mental retardation.

Cardiac rhabdomyomas.

Renal angiomyolipomas.

Localized leathery thickenings of the skin (i.e., shagreen
patches).

Hypopigmented regions of skin (i.e., ash-leaf patches).
Adenoma sebaceum.

MYOTONIC DYSTROPHY TYPE 1

Mutation: Expanded CTG trinucleotide repeats on chromo-
some 19q13.2-13.3, which affects mRNA for DMPK (dystroph-
ica myotonia-protein kinase); normal individuals have less than
30 repeats. The more repeats, the more severely affected a
patient will be.

Manifestations of myotonic dystrophy type 1

The classic hallmark for clinical presentation is the inability
to relax the muscles after stimulation. Patients often describe
inability to release a handshake.

Weakness is common.
Atrophy of facial muscles (“hatchet-shaped facies”).

Cataracts, gonadal atrophy, and cardiac problems (especially
conduction defects and arrhythmias).

AUTOSOMAL RECESSIVE DISORDERS

Overview: Patients with autosomal recessive disorders usually
have complete penetrance and more uniform expression of the
disease when compared to patients with autosomal dominant
disorders. Autosomal recessive disorders often involve enzymes
(Table 6-2).

o-ANTITRYPSIN (AAT) DEFICIENCY

Genetic abnormality: The gene associated with this condition is
found on chromosome 14; the normal allele is PIMM. Patients
with PiZZ alleles have circulating levels of AAT that are only
10% of normal.

Manifestations

Panacinar emphysema, which is dramatically accelerated by
cigarette smoking.

Cirrhosis—only 10% or more of individuals with PiZZ alle-
les develop cirrhosis, most likely because they have decreased
protein degradation via the ubiquitin-proteosome pathway.
Liver biopsy shows periodic acid-Schiff (PAS) positive and
diastase-resistant granules, which represent accumulations
of an abnormal AAT.

Genetic Disorders

Figure 6-4. Subependymal giant cell astrocytoma. A subependymal
giant cell astrocytoma (SEGA) is one of the characteristic features
of tuberous sclerosis. Hematoxylin and eosin, 200X.
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TABLE 6-2. Autosomal Recessive Genetic Disorders

Disorder Protein Involved

Cystic fibrosis Cystic fibrosis transmembrane conductance regulator
Galactosemia Galactose-1-phosphate uridyltransferase
Hereditary hemochromatosis HFE protein

Phenylketonuria Phenylalanine hydroxylase

Wilson disease ATP-dependent Cu?* transporter
Alkaptonuria Homogentisic oxidase

Maple syrup urine disease Branched chain ketoacid dehydrogenase
Hurler disease o-L-iduronidase

Hunter disease Iduronate-2 sulfatase

Tay-Sachs disease a-subunit of GM, gangliosidase

Gaucher disease Glucocerebrosidase

Niemann-Pick, types A and B Sphingomyelinase

CYSTIC FIBROSIS

Mutation: Cystic fibrosis transmembrane conductance regula-
tor (CFTR) gene on chromosome 7.

Epidemiology: 1 in 3500 live births; whites predominantly;
uncommon in Asians and African Americans.

Mechanism: Impaired resorption of chloride from lumen of
the sweat ducts, with resultant impaired absorption of sodium;
impaired secretion of chloride into the airways, pancreatic
ducts, and the gastrointestinal tract, resulting in less secretion
of sodium and water and, therefore, viscid secretions.

Manifestations of cystic fibrosis
Fibrosis of pancreas.

Recurrent pulmonary infections with Pseudomonas aerugi-
nosa, Staphylococcus aureus, and Burkholderia cepacia.
Patients with cystic fibrosis can harbor a very mucoid strain
of Pseudomonas.

Chronic bronchitis, bronchiectasis.
Meconium ileus.

Biliary cirrhosis, leading to impaired absorption of the fat-
soluble vitamins A, D, E, and K.

Infertility in males secondary to absence of vas deferens.

Laboratory studies: Increased concentration of chloride in
sweat (i.e., positive sweat chloride test).
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GALACTOSEMIA

Mutation: Gene for galactose-1-phosphate uridyltransferase
(GALT), which is required to convert galactose to glucose.
Manifestations of galactosemia

Cirrhosis.

Opacification of the lens (cataracts)—due to accumulation
of galactitol, the lens absorbs water and swells.

Mental retardation.
Aminoaciduria due to accumulation of galactose in the kid-
ney, which impairs amino acid transport.

Diagnosis: Positive urinary-reducing substance.

HEREDITARY HEMOCHROMATOSIS
Mutation: HFE gene on chromosome 6p21.3.

Epidemiology: 1 in 250 individuals of European descent are
homozygous; incidence is higher in males than in females.

Mechanism: Increased intestinal absorption of iron leads to
iron buildup in organs.
Manifestations of hereditary hemochromatosis

Bronze skin discoloration due to iron deposition.

Diabetes mellitus due to pancreatic fibrosis.

Cirrhosis of the liver.

Dilated or restrictive cardiomyopathy.

Clinical presentation: The classic triad of symptoms is arthral-
gia or arthritis, impotence, and fatigue.

Laboratory studies: Elevated transferrin saturation and ferritin
concentration; the definitive test is a liver biopsy or DNA
testing.

Treatment: Regular removal of blood (phlebotomy).

PHENYLKETONURIA (PKU)
Mutation: Gene for phenylalanine hydroxylase.

Mechanism: Changes are the result of hyperphenylalaninemia,
due to inability to breakdown phenylalanine.

Manifestations of PKU

Impairment of brain development due to high levels of
phenylalanine and relatively low tyrosine levels with result-
ant microcephaly, severe mental retardation, and seizures.
Patients may develop motor abnormalities later in life.

Affected infants have fair hair and skin, blue eyes, and a
“mousy odor.”

Treatment: Phenylalanine-free diet, especially during infancy
and childhood because of vital neurologic development occur-
ring at that time. Because this disease has significant morbidity
and is easily treated by dietary restrictions, most neonates are
tested.

Genetic Disorders
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Important point regarding PKU: Adults can follow a less restric-
tive diet; however pregnant patients must return to a phenylala-
nine-free diet as phenylalanine will cross the placenta and affect
the fetus.

WILSON DISEASE (HEPATOLENTICULAR
DEGENERATION)

Mutation: Adenosine triphosphate (ATP)-dependent copper
transporter gene on chromosome 13, which is expressed at
highest levels in the liver and brain.

Mechanism: Failure to export copper from cells normally, with
resultant increased copper accumulation in the liver and brain.
Defective copper export in turn is associated with decreased
excretion of copper into bile, which is the primary route for
copper excretion.

Laboratory studies: Decreased serum ceruloplasmin, increased
hepatic copper content (determined by liver biopsy), and
increased urinary excretion of copper.

Manifestations of Wilson disease

Liver damage (e.g., fatty change, acute hepatitis, chronic hep-
atitis, and cirrhosis).

Neurologic abnormalities appearing after adolescence
include tremor, speech abnormalities (dysarthria), painful
muscle spasms, and dementia. Examination of the brain will
reveal atrophy, hyperpigmentation, and cavitation of the
putamen. Other basal ganglia nuclei (i.e., caudate and globus
pallidus) and the thalamus and brainstem may also be
affected.

Kayser-Fleischer rings (i.e., green copper deposits in
Descemet membrane at the limbus of the cornea).

ALKAPTONURIA

Mutation: Gene for homogentisic oxidase (3q21).
Mechanism: Inadequate breakdown of homogentisic acid.

Manifestations: Homogentisic acid accumulates in connective
tissue, tendons, and cartilage, causing blue-black pigmentation
(i.e., ochronosis) and making cartilage lose its resilience and
become brittle, resulting in degenerative arthropathy. Classi-
cally, the urine turns black if allowed to sit, secondary to
oxidation.

MAPLE SYRUP URINE DISEASE

Mutation: Gene for branched-chain ketoacid dehydrogenase.
Incidence: 1 in 180,000 births.

Mechanism: Accumulation of the branched-chain amino
acids, leucine, valine, and isoleucine, causes neurologic symp-
toms and “maple syrup” odor of urine.

Manifestations: Alternating hypotonia and hypertonia, hypo-
glycemia, acidosis, and convulsions.
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MUCOPOLYSACCHARIDOSES (MPS)

Mutation: Genes for lysosomal enzymes required to break down
glycosaminoglycans.

Mechanism: Lysosomal storage of heparin and dermatan sul-
fates; excretion of excess glycosaminoglycans (GAGs) in urine.

Two main types of mucopolysaccharidoses

Hurler disease, MPS type I: Autosomal recessive deficiency of
o-L-iduronidase.

Hunter disease, MPS type II: X-linked deficiency of iduronate-
2-sulfatase.

Manifestations: Mental retardation, coarse facial features, joint
stiffness, corneal clouding, and urinary excretion of dermatan
and heparan sulfate.

LYSOSOMAL STORAGE DISORDERS

Overview: Most lysosomal storage disorders are due to the
absence of an enzyme. With the absence of the enzyme, its sub-
strate builds up and accumulates within lysosomes instead of
being degraded. Most of the lysosomal storage disorders result
in accumulations of the substrate within macrophages; thus,
the spleen and liver, as well as lymph nodes, are often enlarged.
Lysosomal storage diseases have an autosomal recessive inheri-
tance pattern. The three more common forms of lysosomal
storage disorders that are discussed below are Gaucher disease,
Tay-Sachs disease, and Niemann-Pick disease.

GAUCHER DISEASE

Mutation: Gene for glucocerebrosidase.

Mechanism: Accumulation of glucocerebroside in organs with
a high concentration of phagocytic cells (e.g., spleen, liver,
lymph nodes).

Microscopic morphology of Gaucher disease: “Tissue-paper”
cells.

Types of Gaucher disease: All three types have a different

mutation of the glucocerebrosidase gene.

1. Type I: Chronic non-neuronopathic form

Epidemiology: Type I represents 99% of cases of Gaucher dis-

ease. Type I Gaucher disease presents in later childhood or early

adulthood. The disease is compatible with a long life.

Manifestations of type I Gaucher disease
Hepatosplenomegaly.

Marrow replacement resulting in deformities and pathologic
fractures.

“Erlenmeyer flask deformity” of distal femur.
No central nervous system (CNS) involvement.
2. Type llI: Acute neuronopathic form
Epidemiology: Type II Gaucher disease presents in infants.

Manifestations: Hepatosplenomegaly, severe CNS involvement,
and death at an early age (by 2 years).
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3. Type lll: Juvenile form
Epidemiology: Type I1I Gaucher disease presents in juveniles.

Manifestations: Hepatosplenomegaly; CNS involvement is less
severe than in type IL

TAY-SACHS DISEASE
Mutation: Gene for o-subunit of GM,-gangliosidase.
Epidemiology: 1 in 30 Jews of Ashkenazic (Eastern European)
origin are carriers.
Manifestations of Tay-Sachs disease

Ballooned neurons leading to progressive neurologic (motor
and mental) deterioration.

Involvement of ganglion cells in the retina causing a cherry-
red spot.

Signs and symptoms develop by the age of 6 months; death
usually occurs by the age of 2 to 3 years.

NIEMANN-PICK DISEASE
Mutation: Gene for sphingomyelinase (in types A and B); NPC-
I gene in type C.

Mechanism: Accumulation of sphingomyelin in phagocytic
cells in types A and B.
Types of Niemann-Pick disease

1. Type A: Features are extensive neurologic involvement and
visceral organ accumulations; death occurs by the age of
3 years.

2. Type B: Features are organomegaly and cherry-red spot in
the retina. There is no CNS involvement. Patients survive to
adulthood.

3. Type C
+ Mutation: NPC-1 gene plays a role in cholesterol trafficking.
« Mechanism: Cholesterol accumulation.

+ Manifestations: Ataxia, supranuclear palsy, and hepato-
splenomegaly.

GLYCOGEN STORAGE DISORDERS

Overview: There are many different glycogen storage disorders,
each of which is due to a mutation in a different enzyme
responsible for the metabolism of glycogen. Because of the
location of the enzyme, most glycogen storage diseases can be
grouped into hepatic or myopathic forms.

HEPATIC FORMS OF GLYCOGEN STORAGE DISEASE

Characteristic condition: von-Gierke disease (due to defi-
ciency of glucose-6-phosphatase).

Manifestations: Hepatic enlargement and hypoglycemia.
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MYOPATHIC FORMS OF GLYCOGEN STORAGE DISEASE

Characteristic condition: McArdle disease (due to deficiency
of muscle phosphorylase).

Manifestations: Cramps with exercise; no exercise-induced
increase in lactate.

MISCELLANEOUS FORMS OF GLYCOGEN STORAGE
DISEASE

Overview: Some forms of glycogen storage disease may have
less conspicuous liver involvement, although skeletal muscle
abnormalities are often present, along with cardiac involve-
ment.

Characteristic condition: Pompe disease is due to a deficiency
of acid maltase; all organs have increased glycogen accumulation
associated with increased lysosomal activity. Cardiac involve-
ment is the most prominent feature of infantile onset cases.
Skeletal muscle weakness is conspicuous in adult-onset cases,
with increased lysosomal glycogen accumulation (Figure 6-5).

GENETIC CONDITIONS WITH X-LINKED
INHERITANCE PATTERN

DUCHENNE MUSCULAR DYSTROPHY

Epidemiology: 1 in 3000 infants; profound male predominance;
female carriers of the disease are often asymptomatic.

Mutations: Dystrophin gene at Xp21.

Mechanism: Dystrophin is believed to help transfer the force of
muscular contraction to connective tissue. In dystrophin defi-
ciency, the cell membrane of the muscle fiber is damaged when
the muscle contracts. Dystrophin is also expressed in organs
other than skeletal muscle, including the brain and myocardium.
Therefore, dystrophin abnormalities may also be associated
with cardiac and neurologic defects.

Clinical presentation of Duchenne muscular dystrophy

Clinical course: Disease manifests by the age of 5 years. The
associated muscular weakness leads to immobility by the
early teens and usually death by the early twenties. Car-
diomyopathy and nonprogressive cognitive abnormalities
are also fairly common.

Signs and symptoms: Weakness of pelvis first, with delayed
ability to walk; pseudohypertrophy (i.e., enlargement of calf
muscles due to replacement with fat). Patients use their
hands to rise to a standing position (Gower maneuver).
Muscle atrophy and weakness progress relentlessly, with
most patients becoming wheelchair-bound by the second
decade. In most cases, death occurs by the end of the second
decade, usually due to some combination of respiratory
insufficiency and cardiac failure.

Microscopic morphology of Duchenne muscular dystrophy:
By immunohistochemical staining, most fibers show an absence
of dystrophin, although a few dystrophin-positive fibers (so-
called “revertant fibers”) are usually present. In symptomatic
cases, there is marked variation in muscle fiber size, accompanied
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Figure 6-5. Pompe disease. Pompe disease is one of the glycogen
storage disorders that affects heart and skeletal muscle. The
myocardial cells have a central, fairly well-defined, cleared-out
region representing sites of abnormal glycogen accumulation.
Hematoxylin and eosin, 200X.
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by muscle fiber degeneration, regeneration, and increased
amounts of connective tissue. In advanced cases, the muscle is
mostly replaced by adipose and connective tissue.

BECKER MUSCULAR DYSTROPHY

Mutation: Dystrophin gene on Xp21. Patients have decreased
levels of dystrophin compared to normal individuals, or they
may produce a mutant, defective form of dystrophin.

Clinical presentation of Becker muscular dystrophy: Variable.
Some patients may follow a course indistinguishable from
Duchenne muscular dystrophy, but most affected individuals
present roughly a decade later than patients with Duchenne
muscular dystrophy and remain ambulatory for several
decades. In very mild cases, patients can have a nearly normal
life span. Cardiac abnormalities may predominate in some
cases.

GENETIC CONDITIONS WITH MIXED
INHERITANCE PATTERNS

EHLERS-DANLOS SYNDROME

Mutation: Ehlers-Danlos syndrome occurs as one of many
types. In each type, one of the multiple genes involved in colla-
gen synthesis is affected. Depending upon which gene is
involved, the inheritance pattern can be autosomal dominant,
autosomal recessive, or X-linked recessive.

Types of Ehlers-Danlos syndrome

1. Kyphoscoliosis type

Mutated gene: Lysyl hydroxylase.

Manifestations: Hypotonia, joint laxity, and scoliosis.
2. Vascular type
Mutated gene: COL3A1 gene of type III collagen.

Features: Thin skin; arterial rupture.

Manifestations: Hyperelasticity of the skin with hypermobile
joints.

ADDITIONAL GENETIC ABNORMALITIES

Overview: Genome mutations (trisomies 21, 18 and 13) and
chromosomal mutations (22q11.2 deletion and Cri-du-chat)
are discussed below.

TRISOMY 21 (DOWN SYNDROME)

Epidemiology: 1 in 700 live births (1 in 1550 if the mother is
younger than 20 years of age, and 1 in 25 if the mother is older
than 45 years of age).

Cause

Approximately 95% of cases of Down syndrome are due to
maternal meiotic nondisjunction. Nondisjunction is a failure
of separation of chromosome pairs in anaphase I or failure
of separation of chromosome pairs into chromatids in
anaphase II.
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Approximately 4% of cases of Down syndrome are due to a
Robertsonian translocation, which is a translocation of the
long arm (q) of chromosome 21 to the q arm of another
acrocentric chromosome, such as 14 or 22. A Robertsonian
translocation does not result in loss of genetic material; it
results in loss of the p arm of 21 and the p arm of 14 or 22.
However, in acrocentric chromosomes, loss of the p arm is
silent. The carrier of a Robertsonian translocation is 45,XX
or 45,XY.

Approximately 1% of cases of Down syndrome are mosaics.

Manifestations of Down syndrome
Mental retardation.
Flat facial profile and epicanthal folds.

Congenital heart defects, which are often endocardial cush-
ion defects such as ostium primum atrial septal defect (most
common cardiac defect in Down syndrome), atrioventricu-
lar defects, or ventricular septal defects (Figure 6-6).

Duodenal atresia.
Early development of Alzheimer disease.

Increased risk of leukemia—10 to 20 times increased risk for
acute lymphoblastic leukemia (ALL) in children with Down
syndrome. Also, acute megakaryoblastic leukemia is most
commonly associated with patients with Down syndrome.

Atlantoaxial instability.
Brushfield spots on iris.
Laboratory studies: Mothers will have an elevated B-human

chorionic gonadotropin (B-hCG) and decreased levels of o-
fetoprotein.

TRISOMY 18 (EDWARD SYNDROME)
Incidence: 1 in 8000 live births.

Manifestations

Prominent occiput, low-set ears, small jaw, mental retarda-
tion, cerebellar and brainstem abnormalities, congenital
heart disease, and rocker bottom feet.

Almost all patients die of apnea in the first year of life.

TRISOMY 13 (PATAU SYNDROME)

Incidence: 1 in 15,000 live births.

Manifestations

Microphthalmia, holoprosencephaly, mental retardation,
microcephaly, polydactyly, congenital heart disease (ventric-
ular septal defect commonly), and rocker bottom feet.

Almost all patients die in the first year of life.

22q11.2 DELETION

Two forms: DiGeorge syndrome, which has predominantly thy-
mus, parathyroid, and cardiac pathology, and velocardiofacial
syndrome, which has predominantly palate, facial, and cardiac
abnormalities.
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Figure 6-6. Common atrioventricular canal. Patients with Down
syndrome commonly have congenital heart disease, and the con-
genital heart disease often originates from a defect in the endocar-
dial cushions. This defect may manifest as a common atrioventric-
ular canal, a primum atrial septal defect, or a ventricular septal
defect. The photograph illustrates a common atrioventricular
canal. The defect involves the lower portion of the interatrial sep-
tum and the upper portion of the interventricular septum. The
arrowhead indicates the cleft anterior leaflet of the mitral valve, a
feature that is commonly seen in patients who have this congenital
heart defect.
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Mutation: Unknown gene.
Incidence: 1 in 4000 live births.

Manifestations: Congenital heart disease, abnormal palate,
facial dysmorphism, developmental delay, variable T-cell
immunodeficiency due to thymic aplasia, and hypocalcemia
due to parathyroid gland aplasia; increased incidence of schizo-
phrenia and bipolar disorder. Patients have absent thymic
shadow on chest x-ray.

Diagnosis: Requires fluorescent in situ hybridization (FISH).

CRI-DU-CHAT SYNDROME
Mutation: Deletion of 5p.

Features: Microcephaly, mental retardation, high-pitched
crying.

SEX CHROMOSOME ABNORMALITIES
KLINEFELTER SYNDROME

Genetic abnormality: A male hypogonadism due to the pres-
ence of two or more X chromosomes and one or more Y chro-
mosomes (82% of cases are 47,XXY).

Incidence: 1 in 500 live births.

Mechanism: Increased level of follicle-stimulating hormone
(FSH) and decreased level of testosterone.
Manifestations of Klinefelter syndrome

Hypogonadism (atrophic testes and small penis) and sterility.

Tall stature due to increase in length between sole and pubic
bone (long legs).

Reduced body hair.
Most have normal intelligence.
20 times increased risk for breast carcinoma.

Barr body (inactive X chromosome).

TURNER SYNDROME

Genetic abnormality: A female hypogonadism due to the pres-
ence of an XO karyotype (57% of cases are XO; 14% have struc-
tural abnormality of X chromosomes; 29% are mosaics)—
SHOX gene involved.

Incidence: 1 in 2000 live births (99% of fetuses with an XO
karyotype do not survive gestation).
Manifestations of Turner syndrome

Short stature and widely spaced nipples.

Cystic hygromas, webbed neck (Figure 6-7).

Accelerated loss of oocytes leads to streaked ovaries by the
age of 2 years and resultant primary amenorrhea.

Horseshoe kidney (Figure 6-8).
Coarctation of the aorta and bicuspid aortic valve.
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Figure 6-7. Cystic hygroma. The photograph depicts a stillborn
fetus with Turner syndrome. The skin slippage and red discol-
oration of the skin is a feature of stillbirth; however, the redundancy
(i.e., folds) of the posterior neck represents a cystic hygroma.
Oftentimes, pregnancies involving a fetus with Turner syndrome
end with a non-therapeutic abortion.

Figure 6-8. Horseshoe kidney. Although horseshoe kidneys are not
specific for Turner syndrome, they represent one abnormality that
is commonly associated with the syndrome.
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FRAGILE X SYNDROME

Genetic abnormality: Trinucleotide (CGG) repeats on the X
chromosome; affects FMRI gene (Xq27.3).

Manifestations: Long face with large mandible; large testicles;
mental retardation.

Important points regarding Fragile X syndrome

Normal individuals have about 30 repeats; affected individu-
als have 230+ repeats.

Individuals with 50 to 230 repeats are referred to as premuta-
tions.

Premutations can expand the number of repeats during
oogenesis, but not during spermatogenesis. Therefore,
fathers with premutations cannot pass the disease to sons,
but repeats will amplify in his daughters and affect his
grandsons and granddaughters. Understanding of this
potential by parents produces the anticipation effect.

Fragile X is the most common inherited genetic cause of
mental retardation.

DISEASES OF GENOMIC IMPRINTING
PRADER-WILLI AND ANGELMAN SYNDROMES

Genetic abnormality: The gene involved in these disorders is on
chromosome 15g—deletion of paternal-derived 15q12 leads to
Prader-Willi syndrome, and deletion of maternal-derived
15q12 leads to Angelman syndrome. In other words, a child
must receive the paternally derived gene at 15q12 to not develop
Prader-Willi syndrome, and must receive the maternally
derived gene at 15q12 to not develop Angelman syndrome.

Manifestations of Prader-Willi syndrome: Include mental
retardation, extreme hyperphagia, short stature, obesity, and
hypogonadism. Most patients die from complications of
obesity.

Manifestations of Angelman (“happy puppet”) syndrome:
Include ataxic gait, seizures, and inappropriate laughter.

SEXUAL DIFFERENTIATION DISORDERS
TRUE HERMAPHRODITE

Basic description: Possession of both testicular and ovarian
tissue.

Mechanism: Possible translocation of SRY gene; most cases are
46,XX, but some are mosaics.

FEMALE PSEUDOHERMAPHRODITE

Basic description: Female internal genitalia with ambiguous
external genitalia.

Mechanism: Excessive androgens during gestation; common
cause is congenital adrenal hyperplasia.
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MALE PSEUDOHERMAPHRODITE

Basic description: Male internal genitalia with ambiguous
external genitalia.

Mechanism: Many causes; most commonly due to defect in
androgen synthesis.

Specific forms (testicular feminization and 5a-reductase
deficiency)

1. Testicular feminization (also referred to as androgen insen-
sitivity syndrome) is the most common form of male
pseudohermaphroditism, which is due to a mutation in the
androgen receptor gene on Xql1-12. Laboratory findings
include increased levels of testosterone, estrogen, and
luteinizing hormone (LH).

2. 5a-reductase deficiency

Mechanism: 50.-reductase is normally required for conversion
of testosterone to dihydrotestosterone.
Effects of deficiency: Patients have ambiguous genitalia until
puberty; then, at puberty, increased levels of testosterone
cause masculinization of the genitalia.

FETAL ALCOHOL SYNDROME

Epidemiology: Affects more than 1200 children per year. It is
the most common form of preventable mental retardation in
the United States.

Mechanism: Potentially due to acetaldehyde crossing the pla-
centa and damaging the fetal brain.

Manifestations: Microcephaly, malformations of the brain,
mental retardation, and facial malformations (e.g., short palpe-
bral fissures, maxillary hypoplasia, and smooth philtrum, or

upper lip).

CHAPTER 6




This page intentionally left blank



CHAPTER 1

PEDIATRIC PATHOLOGY

OVERVIEW

Although many conditions that affect adults also affect chil-
dren, pediatric pathology includes many conditions found only
in patients younger than 18 years of age. This chapter will
address many of these conditions.

One group of conditions involving the infant population is
congenital anomalies. Several terms are important to remember
when discussing congenital anomalies. A malformation is a con-
genital anomaly due to an intrinsic defect in development. A
disruption occurs when a normally developing organ is second-
arily damaged by another process. For example, in amniotic
band syndrome, a fragment of the amniotic membrane wraps
around a portion of the body and damages or amputates it. A
deformation is an abnormal development of an organ due to an
extrinsic process. A sequence is a collection of several anom-
alies, all of which are due to one malformation, disruption, or
deformation. For example, Potter sequence is due to oligohy-
dramnios and includes flat facies, small chest, hypoplastic
lungs, club foot (talipes equinovarus), and nodules in the
amniotic sac. Finally, a syndrome is a group of related anom-
alies. Common congenital anomalies include clubfoot, patent
ductus arteriosus, ventricular septal defect, and cleft lip or cleft
palate. Although most congenital anomalies are diagnosed dur-
ing infancy, they are present and can cause complications into
adulthood.

This chapter will discuss causes of congenital anomalies and
major congenital anomalies by organ system. Also discussed are
conditions diagnosed in the pediatric population such as pre-
maturity, perinatal infections, hydrops fetalis, sudden infant
death syndrome (SIDS), and select pediatric tumors, including
neuroblastoma and Wilms tumor.

CAUSES OF CONGENITAL ANOMALIES

Overview: The causes of congenital anomalies are genetic, envi-
ronmental, and multifactorial; however, the etiology of many
congenital anomalies is unknown. Two common environmen-
tal causes of congenital anomalies are nicotine and maternal
diabetes mellitus.

Nicotine: Use of nicotine when pregnant predisposes the
mother to a high risk for spontaneous abortion, placental
abruption, premature labor, or placental abnormalities.

71

rms of use.




CHAPTER 7

Maternal diabetes mellitus: Predisposes to a large-for-
gestational-age fetus, neural tube defects, and neonatal
hypoglycemia. The most common associated anomalies are
cardiac. The most severe associated disorder is caudal
regression syndrome (also referred to as “mermaid
syndrome”), which causes fused, malformed lower extremi-
ties and sacral agenesis.

MAJOR CONGENITAL ANOMALIES
BY ORGAN SYSTEM

Cardiac anomalies

Ventricular septal defect, atrial septal defect, patent ductus
arteriosus, and tetralogy of Fallot are only a few of many car-
diac congenital anomalies (see Chapter 10).

Central nervous system anomalies: Anencephaly and holo-
prosencephaly are only two of many congenital anomalies of
the central nervous system (see Chapter 11).

Respiratory system congenital anomalies: Although there are
other congenital anomalies of the respiratory system, only pul-
monary sequestration and foregut cysts will be discussed below.

Pulmonary sequestration

Basic description: Discrete region of lung tissue that has no

connection to the airway.

Forms

o Extralobar sequestration: Discrete mass of lung tissue
occurring outside the lungs. Infants can present with a
mass lesion.

o Intralobar sequestration: Discrete mass of lung tissue
occurring within one of the lung lobes, yet has no connec-
tion to the airway. Patients can present with symptoms of
bronchopneumonia or bronchiectasis.

Foregut cysts
Basic description: Cyst derived from an abnormally
detached portion of the foregut that can arise within the
mediastinum or pulmonary hilum.
Clinical presentation: Can be asymptomatic or present
because of mass effects or because it has become infected.

Gastrointestinal tract and pancreatic congenital anomalies:
Although there are many congenital anomalies of the gastroin-
testinal tract and pancreas, four of the more common anom-
alies are tracheo-esophageal fistula, omphalocele, gastroschisis,
and pancreas divisum, which are discussed below.

Tracheo-esophageal fistula
Basic description: Condition associated with an atretic
esophagus with a fistulous connection to the trachea. The
most common variant is a blind-ended proximal esophagus
with a distal esophagus that connects to the trachea.
Clinical presentation: Aspiration of food with potential for
suffocation or development of pneumonia.
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Omphalocele: Infants have herniated abdominal organs in a
membranous sac composed of amnion and peritoneum. The
condition is due to failure of formation of the abdominal wall
musculature. The umbilical cord arises from the dome of the
membranous sac.

Gastroschisis: Infants have failure of formation of the abdomi-
nal wall with the resultant evisceration of abdominal organs.
The abdominal organs are present outside the peritoneal cavity,
just to the right of the umbilical cord, and are not covered by a
membranous sac (Figure 7-1).

Pancreas divisum: Pancreas divisum is due to failure of the
dorsal and ventral pancreatic ducts to fuse, resulting in drainage
of most of the organ through the dorsal pancreatic duct (San-
torini) and smaller minor papilla. This congenital anomaly can
lead to stenosis of the duct and resultant chronic pancreatitis.

Renal congenital anomalies: Although there are many congen-
ital anomalies involving the kidneys, only agenesis of the kid-
ney, ectopic kidney, and horseshoe kidney will be discussed
below.

Agenesis of the kidney: Bilateral renal agenesis (i.e., failure of
formation of both kidneys) will cause the death of an infant;
unilateral agenesis is compatible with life.

Ectopic kidney: The kidney is abnormally located near the
pelvic brim or within the pelvis. Abnormal location can lead to
kinking of the urethra and predispose to pyelonephritis.

Horseshoe kidney: While commonly associated with Turner
syndrome, horseshoe kidneys (usually with fusion of the lower
poles of both kidneys) are a relatively common sporadic renal
congenital anomaly.

Male genital tract anomalies

Hypospadias and epispadias: In hypospadias, the urethral
opening is abnormally located on the ventral surface of the
penis; in epispadias, the urethral opening is located on the dor-
sal surface of the penis. The anomaly can be associated with
other anomalies of the genitourinary tract, and can predispose
to sterility and to urinary tract infections.

Phimosis: A small foreskin orifice prevents its normal retrac-
tion. If the foreskin is forcibly retracted, constriction of the
glans penis can occur, causing pain and urethral constriction
(termed paraphimosis).

PREMATURITY AND ITS COMPLICATIONS

Basic description of prematurity: Age at delivery is less than
37 weeks’ gestation (for singleton pregnancy).

Risk factors for prematurity: Premature rupture of mem-
branes, infections such as chorioamnionitis, maternal geni-
tourinary abnormalities, twin or multiple gestation pregnan-
cies, and preeclampsia.

Causes of prematurity: The causes of prematurity can be
grouped into fetal, placental, and maternal categories.
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Figure 7-1. Gastroschisis. This infant had extrusion of the liver,
small intestine, and large intestine through a defect in the abdomi-
nal wall. Note that the extruded abdominal contents are not cov-
ered by a thin membranous sac, and that they exit the abdominal
wall to the right of the umbilicus (arrow).
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1. Fetal causes of prematurity
- Specific fetal cause of prematurity: Chorioamnionitis.

« Result of fetal cause of prematurity: Small-for-gesta-
tional-age infant with symmetric growth retardation (also
called proportionate fetal growth restriction because the
entire body is small).

2. Placental causes of prematurity

- Specific placental causes of prematurity: Uteroplacental
insufficiency, such as occurs with a single umbilical artery,
placental infarction, and placenta previa.

« Result of placental cause of prematurity: Small-for-gesta-
tional-age infant with asymmetric growth retardation
(also called disproportionate growth restriction). The head
is normal size and the body is small; the head receives a
disproportionate amount of oxygen and nutrients to pre-
serve its development.

3. Maternal causes of prematurity
- Specific maternal causes of prematurity: Preeclampsia,
maternal hypertension, alcohol and nicotine use, and
maternal malnutrition.

« Result of maternal cause of prematurity: Small-for-gesta-
tional-age infant.

Complications of prematurity: The three main complications of
prematurity are hyaline membrane disease, necrotizing entero-
colitis, and germinal matrix hemorrhage.

1. Hyaline membrane disease

Basic description: Condition due to deficiency of pulmonary
surfactant, which occurs because fetal lungs are not fully devel-
oped.

Pathogenesis: Decreased surfactant leads to atelectasis, which
causes hypoxemia and carbon dioxide retention. Hypoxemia
and carbon dioxide retention lead to acidosis, which con-
tributes to hypoperfusion of the pulmonary parenchyma and
eventually to endothelial and epithelial damage.

Morphology of hyaline membrane disease
Gross: Firm lungs.

Microscopic: Hyaline membranes lining alveolar septae
(Figure 7-2).

Treatment: Surfactant and oxygen therapy.

Clinical presentation of hyaline membrane disease: Manifests
as tachypnea, cyanosis, and grunting within the first few hours
of life. The pattern seen on a chest radiograph is classic with
infants having diffuse reticulonodular (“ground-glass”) infil-
trates. Pretreatment with corticosteroid therapy 24-48 hours
prior to birth can improve surfactant production and decrease
the incidence of hyaline membrane disease in at risk fetuses.

Complications of treatment of hyaline membrane disease

Retrolental fibroplasia, which is retinal vessel proliferation
that occurs because hypoxemia induces vascular endothelial
growth factor (VEGF). This disorder is caused by the admin-
istration of high concentrations of oxygen over long periods
of time.
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Figure 7-2. Hyaline membrane disease. The alveolar septae are
focally lined by acellular, proteinaceous membranes (arrows). The
presence of these membranes impairs ventilation. Hyaline mem-
brane disease is a complication of prematurity. Hematoxylin and
eosin, 200X.
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Bronchopulmonary dysplasia is a clinical rather than a
pathologic diagnosis, and is defined as supplemental oxygen
requirements beyond 28 days of life. Histologic examination
of the lungs of infants with bronchopulmonary dysplasia
reveals alveolar hypoplasia and, depending upon the timing
of the condition, alveolar septal fibrosis, squamous metapla-
sia, and hyperplasia of epithelial cells.

2. Necrotizing enterocolitis
Basic description: Necrosis of the intestinal tract.

Pathogenesis: Most likely multifactorial.

Morphology

Gross: Can see air within the wall of the intestine; intestinal
lumen is dilated and the wall is friable (i.e., easily tears apart)
(Figure 7-3).

Microscopic: Ischemic changes of the intestine.

Clinical presentation of necrotizing enterocolitis: Signs and
symptoms are due to bowel ischemia and are characterized by
abdominal distention, bloody diarrhea, temperature instability,
acidosis, and sepsis and shock. The classic radiologic finding is
air within the bowel wall, known as “pneumatosis intestinalis.”

3. Germinal matrix (intraventricular) hemorrhage

Basic description: Hemorrhage into the germinal matrix, usu-
ally with extension into the ventricles, and potential compres-
sion and necrosis of periventricular white matter and gray mat-
ter (Figure 7-4).

Pathogenesis: The germinal matrix has many immature neu-
rons and extensive vasculature and, because of prematurity, the
vasculature is fragile and bleeds easily.

Clinical presentation of germinal matrix hemorrhage:
Lethargy, poor feeding, and bulging fontanelle. Germinal
matrix hemorrhages are diagnosed with the use of cranial ultra-
sound.

PERINATAL INFECTIONS

General routes of acquisition: Transcervical (acquired by
inhaling infected amniotic fluid or during delivery), and
transplacental (organisms can cross through the placenta to
infect the fetus). Transplacental infections are notably caused by
Parvovirus and TORCH organisms (foxoplasmosis, other
agents, rubella, cytomegalovirus, and herpes simplex).

Specific perinatal infections
1. Congenital herpes simplex virus (HSV) infection

Route of acquisition: Usually occurs during delivery (transcer-
vical). The risk of transmission to the fetus is highest with a
maternal primary outbreak. In secondary outbreaks (i.e.,
chronic relapsing genital HSV), preformed maternal antibodies
confer some protection to the fetus.

Features: Include cutaneous disease with classic vesicular
lesions, encephalitis, and disseminated disease presenting simi-
lar to that of sepsis.

CHAPTER 7
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Figure 7-3. Necrotizing enterocolitis. This premature infant devel-

oped necrotizing enterocolitis. The small intestine is focally
ischemic (red discoloration).
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Figure 7-4. Germinal matrix hemorrhage. This premature infant
had blood in the cerebral ventricles, which resulted from a germi-
nal matrix hemorrhage. The grade (and thus severity) of a germinal
matrix hemorrhage is partially dependent upon the degree of filling
and distension of the cerebral ventricles. A grade IV germinal
matrix hemorrhage (the most severe form) has necrosis of the sur-
rounding cerebral parenchyma.
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2. Cytomegalovirus (CMV) infection

Routes of acquisition
Can be congenital due to newly acquired infection in the

mother. The highest risk of congenital infection is when
maternal infection occurs during the second trimester.

Can be perinatal due to cervical or vaginal secretions or from
milk.

Features of congenital CMV infection: Include intrauterine
growth retardation, hepatosplenomegaly, hemolytic anemia,
encephalitis, and microcephaly. Periventricular calcifications
are classic findings identified on CT scan. Congenital CMV
infection can produce a purpura similar to the “blueberry muf-
fin baby” seen in congenital rubella.

3. Congenital rubella
Route of acquisition: Transplacental.

Time period: Fetus is at risk up to week 16 of gestation.

Features of congenital rubella infection: Tetrad of cataracts,
heart defect (e.g., patent ductus arteriosus, pulmonary stenosis),
deafness, and mental retardation. “Blueberry muffin” purpura
caused by extramedullary hematopoiesis is a classic finding.

4. Congenital syphilis
Route of acquisition: Transplacental.

Time period: Maternal transmission to fetus occurs during pri-
mary or secondary syphilis.

Features of congenital syphilis

Early manifestations: Nasal discharge (“snuffles”) and con-
gestion; desquamative rash.

Late manifestations: Notched central incisors (“Hutchison
teeth”), interstitial keratitis with blindness, saddle nose,
saber shins, and deafness.

Features of syphilis in adults
Primary stage: Firm, painless, ulcerated lesion (chancre).

Secondary stage: Occurs 2—10 weeks after primary infection
and consists of maculopapular scaly or pustular rash (classi-
cally on soles and palms); condyloma lata are broad-based
plaques on moist skin.

Tertiary stage: Occurs 5 or more years after secondary stage.
Manifestations include progressive “bark-like” dilation of
aortic root (“luetic aneurysm”), tabes dorsalis, Argyll-
Robertson pupils, and general paresis. Tabes dorsalis is
caused by degeneration of the dorsal columns of the spinal
cord, and patients present with broad-based gait, loss of pro-
prioception, and lightening-like pains in the lower extremi-
ties. Argyll-Robertson pupils are small and irregular and
react to accommodation but not to light.

FETAL HYDROPS

Basic description: Edema occurring during gestation (Figure
7-5 A and B).

Pediatric Pathology

Figure 7-5. Fetal hydrops due to congenital cervical teratoma. A,
This infant is diffusely and markedly edematous. The fetal hydrops
was the result of the large mass in the neck and its pressure on
adjacent vessels. B, The mass is a congenital cervical teratoma.
Note the cartilage interspersed between clusters of immature cells.
The most common teratoma associated with a fetus is a sacrococ-
cygeal teratoma. A sacrococcygeal teratoma can impair the birth
process by obstructing the transit of the fetus through the birth
canal. Hematoxylin and eosin, 200X.
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Immune causes of fetal hydrops

Most commonly due to Rh incompatibility. In most cases, it
is due to an Rh-negative mother giving birth to her second
Rh-positive child.

Occasionally occurs with ABO blood groups and other red
blood cell antigens.

Nonimmune causes of fetal hydrops
Cardiovascular malformations.
Chromosomal anomalies (e.g., Turner syndrome).

Fetal anemia (such as occurs in Parvovirus infection).

SUDDEN INFANT DEATH SYNDROME (SIDS)

Basic description: The death of an infant that is unexplained
after complete investigation, including autopsy.

Epidemiology: Infant is older than 1 month and younger than
1 year of age, and most commonly between 2 to 4 months of age.

Risk factors for SIDS

Parental risk factors: Younger than 20 years of age; maternal
cigarette smoking during pregnancy.

Infant risk factors: Male gender; prematurity.

Environmental risk factors: Prone sleeping position; expo-
sure to second-hand smoke.

Other possible causes of sudden unexpected death at younger
than 1 year of age: Myocarditis, suffocation (accidental or
homicidal), long QT syndrome, and fatty acid oxidation disor-
ders such as medium chain acyl CoA dehydrogenase deficiency
(MCAD).

Morphology of SIDS: Thymic and pleural petechiae (not spe-
cific for SIDS) (Figure 7-6).

PEDIATRIC NEOPLASMS

Common pediatric neoplasms: Leukemia, neuroblastoma,
Wilms tumor, hepatoblastoma, retinoblastoma, and rhab-
domyosarcoma.

Small round cell tumors: General term used to describe many
pediatric tumors. The histologic appearance of the neoplastic
cells is often not distinctive; hence the generalized name of
small round cell tumors. Correct diagnosis is based upon loca-
tion of the tumor and other ancillary studies, including
immunohistochemistry and chromosomal analysis (Table 7-1).
Small round cell tumors to be discussed below include Ewing
sarcoma and primitive neuroectodermal tumor, rhab-
domyosarcoma, Burkitt lymphoma, medulloblastoma, neurob-
lastoma, and Wilms tumor. Ewing sarcoma is discussed in more
detail in Chapter 19, Pathology of the Bones and Joints. Burkitt
lymphoma is discussed in more detail in Chapter 12,
Hematopathology. Medulloblastoma is discussed in more detail
in Chapter 11, Neuropathology.
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Figure 7-6. Thymic petechiae. The numerous pinpoint hemor-
rhages (petechiae) were identified in the thymus of this infant who
died as a result of sudden infant death syndrome (SIDS). Although
thymic petechiae are often identified in infants who have died as a
result of SIDS, they are not specific for the condition.
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TABLE 7-1. Small Round Cell Tumors
Neoplasm

Ewing sarcoma and PNET

Genetic Abnormality

t(11;22)

Immunostain

CD99 positivity

Rhabdomyosarcoma

(2;13), 1(1;13)

MyoD1

Burkitt lymphoma

(8;14), 1(2;8), 1(8;22)

CD10, CD19 positivity

Medulloblastoma 17p deletion GFAP, synaptophysin positivity
Neuroblastoma N-MYC Neuron-specific enolase positivity
Wilms tumor 11p13 deletion

GFAP, glial fibrillary acidic protein; PNET, primitive neuroectodermal tumor.

Ewing sarcoma and primitive neuroectodermal tumor (PNET):
Ewing sarcoma and PNET are positive with a CD99 (MIC2)
immunostain, and their characteristic chromosomal abnormal-
ity is a t(11;22) translocation.

Rhabdomyosarcoma: Rhabdomyosarcoma is positive with a
MyoD1 immunostain, and their characteristic chromosomal
abnormality is a t(2;13) translocation.

Burkitt lymphoma: Burkitt lymphoma cells are positive for
CD10, CD19 and CD20, and their characteristic chromosomal
abnormality is a t(8;14) translocation.

Medulloblastoma: Medulloblastoma is positive for either
synaptophysin or glial fibrillary acidic protein (GFAP)
immunostain, and their characteristic chromosomal abnormal-
ity is a 17p deletion or isochromosome 17q.

NEUROBLASTOMA

Epidemiology: Neuroblastomas represent about 7-10% of all
pediatric malignancies; the average age at diagnosis is 2 years.
The tumor has a male predominance, and is more common in
whites than in African Americans.

Location: About 40% are in the adrenal medulla; others occur
in the sympathetic chain.

Morphology of neuroblastoma
Gross: Soft, gray-tan mass.

Microscopic: Small round blue cells with background of
neuropil. The neoplastic cells are positive for neuron-specific
enolase immunostain, and can form Homer-Wright rosettes
(a circle of neoplastic cells around a space with neuropil)
(see Figure 7-7).

Clinical Course: Some neuroblastomas are asymptomatic, and
some spontaneously mature to become a ganglioneuroblas-
toma (neuroblastoma cells admixed with mature ganglion cells)
and further mature to a ganglioneuroma (mature ganglion cells
admixed with Schwannian stroma).

Figure 7-7. Neuroblastoma. Neuroblastoma is one of the small
round cell tumors of childhood and frequently arises within the
adrenal gland. The arrow indicates a Homer-Wright rosette, a histo-
logic feature that is characteristic of a neuroblastoma. Hematoxylin
and eosin, 400X.
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Prognostic factors for neuroblastoma
Age: If diagnosed at younger than 1 year of age, the patient
has an excellent prognosis. Children diagnosed between
1 and 5 years of age have an intermediate prognosis.
N-MYC amplification: Presence of N-MYC amplification is a
poor prognostic indicator, while absence of N-MYC amplifi-
cation is a good prognostic indicator.
Histology

o Good prognosis: Schwannian stroma, calcification, and
low mitotic rate.

o Poor prognosis: No Schwannian stroma, no calcification,
and high mitotic rate.

Other prognostic factors

© Hyperdiploid or near triploid is a good prognostic indica-
tor, whereas diploid or near diploid is a poor prognostic
indicator.

© Stage.

Laboratory studies: About 85% of these tumors secrete cate-
cholamines into the blood. Urinalysis reveals elevated levels of
vanillylmandelic acid (VMA) and homovanillic acid (HVA).

Clinical presentation of neurobhlastoma: Neuroblastomas usu-
ally present before age 5. The classic clinical signs include opso-
clonus-myoclonus syndrome (“dancing eyes-dancing feet”),
which is present in only 2% of patients, and periorbital ecchy-
moses (“raccoon eyes”) secondary to metastasis to the orbits.

WILMS TUMOR

Epidemiology of Wilms tumor: Average age at diagnosis is
between 2 to 5 years of age.

Location of Wilms tumor: Kidney; 5-10% of cases have involve-
ment of both kidneys, either synchronous (at same time) or
metasynchronous (one after the other).

Precursor lesion: Nephrogenic rests.

Morphology of Wilms tumor

Gross: Soft, tan mass.

Microscopic: Triphasic (epithelial, stromal, and blastemal).
Triphasic Wilms tumors are fairly readily diagnosed histo-
logically; however, Wilms tumor can be monophasic, with
only one of the three above listed histologic architectures. A
blastemal Wilms tumor can be difficult to distinguish from
other small round cell tumors (see Figure 7-8).

Associated conditions with high risk for Wilms tumor

1. WAGR syndrome

+ Features: Wilms tumor, aniridia, genital anomalies, mental
retardation.

- Gene involved: 11p13 del (WT1I).
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Figure 7-8. Wilms tumor. This photomicrograph illustrates the char-
acteristic triphasic histologic appearance of Wilms tumor. Epithelial
(black arrow), stromal (black arrowhead), and blastemal (white
arrow) components are all readily identified. A monophasic Wilms
tumor, composed only of blastemal cellular architecture, can easily
be confused histologically with some of the other small round cell
tumors of childhood. Hematoxylin and eosin, 200X.
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2. Denys-Drash syndrome
« Features: Gonadal dysgenesis (male pseudohermaphro-
dite); nephropathy.
+ Gene involved: WT1.
3. Beckwith-Wiedemann syndrome
« Features: Organomegaly, macroglossia, hemihypertrophy.
- Gene involved: 11p15.5 (WT2).

Pediatric Pathology
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HEMODYNAMICS

OVERVIEW

In general terms, the topic of hemodynamics deals with flow
and distribution of blood and fluids within the body. To main-
tain the correct amount of intravascular and extravascular vol-
umes, the body must maintain both hydrostatic pressure and
osmotic pressure. In vessels, hydrostatic pressure refers to the
pressure pushing fluid out into the interstitial tissue. In intersti-
tial tissue, hydrostatic pressure pushes fluid into the vessels.
Osmotic pressure, which is imparted by the presence of dis-
solved solutes, pulls fluid into the vessels and into the interstitial
tissue. An imbalance in either of these two pressures results in
an abnormal distribution of fluid in the cells or interstitial tis-
sues. The term used to describe excessive amounts of fluid
within the interstitial tissues or within cells is edema.

The integrity of vessel walls plays a critical role in maintain-
ing normal distribution of fluid in the vessels and interstitial
tissues. The process of coagulation serves to maintain the
integrity of the vasculature in the event of disruption of the vas-
cular wall. Inappropriate coagulation can have deleterious con-
sequences, however. For example, abnormal coagulation can
result in vessel occlusion; thus the process must be closely con-
trolled. An adequate supply of blood to the tissues is vital
because it provides oxygen and nutrients to the cells and
removes toxic metabolites from the cells. An inadequate
amount of blood flow to an organ is termed ischemia. Ischemia
is an important cause of cellular dysfunction and, if severe,
often leads to cell death. The resultant area of necrotic cells is
termed an infarct. In addition to localized ischemia due to
occlusion of blood vessels, a more generalized ischemia can
occur due to widespread hypoperfusion of the body. This gen-
eralized hypoperfusion of the organs and resultant organ dam-
age is called shock. Shock can result from a decreased amount
of blood (i.e., hypovolemic shock), failure of the heart to effec-
tively pump the blood (i.e., cardiogenic shock), or generalized
dilation of the vasculature system secondary to infection (i.e.,
septic shock). This chapter will discuss edema, hyperemia and
congestion, hemorrhage, thrombi, emboli, infarcts, and shock.
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EDEMA

Basic description: Accumulation of fluid within the cells, inter-
stitial tissue, and body cavities.

Mechanisms of edema formation: Include increased vascular
hydrostatic pressure, decreased plasma osmotic pressure, lym-
phatic obstruction, and inflammation. Increased vascular
hydrostatic pressure is usually due to impaired venous return or
arteriolar dilation.

Causes of increased vascular hydrostatic pressure

Heart failure: The heart is not pumping blood as effectively
as it should, so there is a back up of blood into the veins.

Cirrhosis: Fibrous scarring of the liver that impairs return of
blood through the portal vein, thereby increasing venous
pressure in portal vein tributaries and causing fluid to leak
into the peritoneal cavity.

Venous obstruction: For example, a tumor pushing on a vein
will cause back up of blood, eventually with leakage of fluid
into the interstitium.

Causes of decreased plasma osmotic pressure

Decreased production of albumin by the liver (e.g., in cir-
rhosis or other forms of generalized liver damage). A decreased
level of albumin results in edema through decreased plasma
osmotic pressure. Also, the decreased intravascular volume that
accompanies edema stimulates an elevated level of aldosterone.
The elevated level of aldosterone, along with several complex
changes within the kidney, promotes sodium and water reten-
tion. However, because the patient with cirrhosis is hypoalbu-
minemic, the retained water enters the interstitial space, further
contributing to the formation of edema.

Increased loss of protein by the kidney (e.g., certain
glomerular diseases) or in the gut (e.g., protein-losing gas-
troenteropathy).

Malnutrition.

Causes of lymphatic obstruction: Lymphoma compressing the
thoracic duct or lymphatic channels; certain parasitic infesta-
tions, such as elephantiasis.

Inflammation: An important component of acute inflammation
is increased vascular permeability, which causes edema.

Effects of edema depend upon organ involved

In soft tissues of the extremities: Edema usually produces
no clinically significant damage. Over time, edema can cause
changes in skin, but these are usually only cosmetic.

In the lungs: Edema fluid fills the alveoli and pleural cavities,
impairing the ability of the lung to oxygenate the red blood
cells (Figure 8-1 A and B).

In the brain: The brain is in a rigid compartment; edema
causes the brain to swell, producing increased intracranial
pressure (Figure 8-2). When the brain swells, there are only a
few places into which it can expand. These expansions of the
brain through available spaces are called herniations. Types
of herniation include subfalcine, uncal, and cerebellar tonsil-
lar (see Chapter 11 for further discussion of herniation).

Hemodynamics

Figure 8-1. Pleural effusion with pulmonary edema. A, Accumula-
tion of fluid in the pleural cavities, or pleural effusions (arrow), may
cause respiratory problems by limiting expansion of the lungs.
B, Microscopic section from a patient with pulmonary edema. The
edema fluid (arrows) stains light pink in this hematoxylin and eosin
stained section and fills the alveolar spaces. The presence of fluid
within the alveoli interferes with proper oxygenation of blood in the
alveolar capillaries. Hematoxylin and eosin, 200X.

Figure 8-2. Cerebral edema. This patient had a neoplasm on the
left side of the brain. The edema of the brain was confined to the
left cerebral hemisphere (the site of the tumor), and serves to illus-
trate the appearance of an edematous versus nonedematous
brain. Expansion of the cerebral parenchyma, as seen in the sec-
tion on the left side of the image, displaces the nonedematous right
hemisphere in this case. Various herniation patterns may also
occur in this condition. Note the flattening of the crests of the cor-
tical gyri, caused by pressure on the brain from the inner surface of
the skull.
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Important concepts and terms

Transudate: Protein and cell-poor fluid that has a specific
gravity < 1.012. Cardiac failure or decreased protein levels
cause a transudate.

Exudate: Protein and cell-rich fluid that has a specific gravity
> 1.020. Inflammation causes an exudate.

Dependent edema: Occurs in the extremities and areas of the
body where accumulation of fluid is dependent upon grav-
ity. Dependent edema is most commonly associated with
heart failure.

Pitting edema: When the skin and underlying soft tissues of
a leg with edema are compressed with fingers, the impres-
sions remain. This type of edema is most commonly associ-
ated with heart failure and is usually a transudate (Figure 8-3
A and B).

Anasarca: Generalized edema of the entire body that is most
commonly associated with glomerular protein loss by the
kidneys.

HYPEREMIA AND CONGESTION

Basic descriptions

Hyperemia: Active accumulation of blood within vessels,
such as would occur in vasodilation due to acute inflamma-
tion.

Congestion: Passive accumulation of blood within vessels,
such as would occur in the lungs due to left-sided heart fail-
ure, or in the liver and extremities due to right-sided heart
failure.

Acute passive congestion: Passive congestion that devel-
oped recently.

Figure 8-3. Pitting edema. Compression of the tissue with fingertips

Chronic passive congestion: Passive congestion that has (A) leads to temporary impressions (B). This form of edema is com-
been occurring over time and is often associated with hemo- monly associated with left-sided congestive heart failure and
siderin-laden macrophages and organ damage. occurs most often in the lower extremities.

Morphology of hyperemia and congestion

Hyperemia and acute passive congestion: Blood vessels are
dilated by red blood cells; to differentiate the two would
require knowledge of the scenario in which it is occurring.
Chronic passive congestion: A condition due to multiple
episodes of acute passive congestion. Red blood cells break
down, leaving hemosiderin and stimulate mild inflamma-
tion, which results in scarring.

Chronic passive congestion of the lung
Cause: Left-sided heart failure, which causes blood to back
up into the lungs because the left ventricle is not pumping
the blood out as quickly or as efficiently as it should.
Gross morphology of chronic passive congestion of the
lung: Darkly pigmented, heavy and firm lungs.
Microscopic morphology of chronic passive congestion of
the lung: Hemosiderin in macrophages (“heart failure
cells”) and fibrosis of the alveolar septae (Figure 8-4).

Figure 8-4. Chronic passive congestion of the lung. The section illus-
trates the two features of chronic passive congestion of the lung, alve-
olar septal fibrosis and hemosiderin-laden macrophages (arrows),
also called “heart-failure cells.” Hematoxylin and eosin, 200X.
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Chronic passive congestion of the liver
Cause: Right-sided heart failure, which causes blood to back
up into the liver because the right ventricle is not pumping
the blood out as quickly or as efficiently as it should.
Mechanism of chronic passive congestion of the liver: In
this condition, passive congestion of the blood with sinu-
soidal dilation is associated with a component of hypoxic
injury. The sinusoidal dilation and hypoxic injury lead to
atrophy and sometimes necrosis of the centrilobular hepato-
cytes.
Gross morphology of chronic passive congestion of the
liver: Nutmeg liver (shrunken and congested centrilobular
areas with raised, tan portal areas) (Figure 8-5).
Microscopic morphology of chronic passive congestion of
the liver: Atrophy of the centrilobular hepatocytes associated
with sinusoidal dilation. Fibrosis may be present around the
central veins. In cases of severe heart failure or shock caused
by other conditions, the centrilobular hepatocytes are
frankly necrotic.

HEMORRHAGE
Basic description: Leakage of blood from vessels.

Types of hemorrhage
1. Petechiae
+ Gross morphology: Pinpoint hemorrhages.

« Causes: Include platelet dysfunction and increased vascu-
lar pressure (Figure 8-6).

2. Purpura

« Gross morphology: Larger than petechiae and usually
raised.

+ Causes: Commonly associated with vasculitis.

3. Ecchymoses
+ Gross morphology: Larger than purpura (> 1.0 cm).
« Causes: Trauma.

Complications of hemorrhage

Important point: To understand the complications of hemor-
rhage, think about the location of the hemorrhage. For
example, a cut in the skin that causes 250 mL of blood loss is
usually not clinically significant (the average blood donation
is about 450 mL), but a 5-mL hemorrhage in the brainstem
can be fatal. To die solely from just the amount of the hem-
orrhage itself, an individual must lose 40% or more of their
blood volume, or about 2000 mL.

Hemodynamics

Figure 8-5. Chronic passive congestion of the liver. Shrunken and
congested centrilobular areas impart the characteristic “nutmeg”
appearance to the liver. This finding is most commonly associated
with right-sided congestive heart failure.

Figure 8-6. Petechial hemorrhages. The pinpoint hemorrhages
(arrow) in the palpebral conjunctivae are petechiae. Petechiae are
commonly the result of platelet dysfunction or increased vascular
pressures. The clear yellow plastic cap and underlying fibrous
material were placed after removal of the corneae for transplanta-
tion purposes.
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ADDITIONAL BASIC TERMINOLOGY ASSOCIATED
WITH HEMORRHAGE

Hematoma: A space-occupying hemorrhage.

Hemothorax, hemopericardium, and hemoperitoneum: Hem-
orrhage within the pleural cavity, the pericardial sac, or the
peritoneal cavity, respectively (Figure 8-7 A and B).

HEMOSTASIS AND THROMBOSIS

Basic description of hemostasis: Physiologic coagulation of
blood with the purpose of preventing bleeding.

Basic description of thrombosis: Pathologic coagulation of
blood resulting in the formation of a solid mass within a cham-
ber of the heart or within a blood vessel.

THROMBUS

Factors predisposing to thrombus formation (i.e., Virchow
triad)

Stasis of blood (e.g., due to congestive heart failure, obesity,
immobilization). Stasis is a particularly common predispos-
ing condition in patients who develop venous thrombi.

Hypercoagulability: Hypercoagulable states may contribute
to the development of thrombi in any location, and include
hereditary conditions as well as various acquired states.

Endothelial damage: Endothelial damage plays a major role
in many arterial thrombi.

Important hereditary conditions predisposing to thrombosis
(i.e., primary hypercoagulable states)

Factor V Leiden mutation: A mutation in the factor V gene
removes the cleavage site for protein C from factor V; there-
fore, protein C is no longer able to cleave activated factor V.
The incidence of factor V Leiden mutations is 2—15% of the
Caucasian population.

Prothrombin gene mutation: Causes an elevated level of pro-
thrombin. Patients with the prothrombin gene mutation
have a threefold risk of having venous thromboses. The inci-
dence is 1-2% of the general population.

Acquired states predisposing to thrombosis (i.e., secondary
hypercoagulable states)

Myocardial infarct, tissue damage (e.g., surgery, trauma,
burns), cancer, prosthetic cardiac valves, disseminated
intravascular coagulation (DIC), heparin-induced thrombo-
cytopenia, and anti-phospholipid antibody syndrome.

Fates of thrombi: Propagation, organization, recanalization,
dissolution, and embolization.

Complications of thrombi: Occlusion of the blood vessel, which
leads to ischemia. Ischemia causes cell injury and cell death
(necrosis). The region of necrotic cells is referred to as an
infarct.
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Figure 8-7. Hemopericardium. The decedent sustained a tran-
sected aorta after a motor vehicle collision, causing a hemoperi-
cardium. In (A), the pericardial sac is intact (the sternum has been
removed), and the blue discoloration visible through it is blood
within the pericardial sac. A small amount of blood (200-300 mL)
in this location is potentially lethal because of its impairment of the
ability of the heart to fill with blood during diastole. In (B), the peri-
cardial sac has been opened, revealing the blood within.



CHAPTER 8

Morphology of recent thrombi

Gross morphology: Solid red to red-tan mass occluding or
partially occluding the lumen of the blood vessel or lining
the wall of a cardiac chamber.

Microscopic morphology: Have Lines of Zahn, which are
alternating layers of red blood cells, platelets, and fibrin
within the thrombus (Figure 8-8).

EMBOLUS

Overview: An embolus is a substance that forms within or
enters the vascular system at one site and is carried through the
blood stream to another area of the body, where it lodges in a
blood vessel and produces its effects (usually infarcts). If a
thrombus breaks free from where it forms and goes to another
part of the body, it becomes a thromboembolus. Substances
besides thrombi, such as cardiac valvular vegetations, foreign
bodies, fat, and air, can also embolize.

Types of emboli
1. Pulmonary thromhoembolus (Figure 8-9)
Source: Deep venous thrombi.

Risk factors for formation of deep venous thrombi: Immobility
due to obesity, injury, or recent surgery; hereditary hypercoagu-
lable states such as factor V Leiden; oral contraceptives; and
neoplasms.

Complications of pulmonary thromboemboli

Sudden death: If a pulmonary thromboembolus obstructs
more than 60% of the pulmonary vasculature (most often a
saddle embolus at the bifurcation of the pulmonary trunk),
sudden death of the patient can result.

Pulmonary infarct: Due to occlusion of the blood vessel and
resultant ischemic injury of the lung parenchyma. Pul-
monary infarcts typically occur when a patient has a throm-
boembolus in combination with a condition that compro-
mises the bronchial circulation (e.g., congestive heart failure)
or in combination with pneumonia (Figure 8-10). The clas-
sic radiologic finding of “Hampton hump,” a wedge-shaped
pleural infiltrate in the lower lobes, is rarely seen.

Pulmonary hypertension: Obstructive lesions compromising
a significant percentage (usually > 60%) of the pulmonary
arterial circulation increase the work of the right ventricle,
leading to pulmonary hypertension.

Gross morphology of pulmonary thromboembolus: Branching
thrombi within the pulmonary vasculature. The branching rep-
resents a cast of the vein in which the thrombus formed.

Clinical presentation of a pulmonary thromboembolus

Symptoms and signs: Sudden onset of chest pain and dysp-
nea; tachypnea; cough with or without hemoptysis is present
in 50% of cases; and hypoxia (arterial pO, is < 80%), respi-
ratory alkalosis, and A-a gradient > 45. The most common
electrocardiogram finding is tachycardia. The classic deep
S wave in lead I, Q wave, and inverted T wave in lead III
(S1-Q3-T3) is uncommon.

Hemodynamics

Figure 8-8. Lines of Zahn. Lamellae of platelets and fibrin (arrows)
separated by red blood cells are indicative of a thrombus and are
not seen in postmortem “clots.” Hematoxylin and eosin, 200X.

Figure 8-9. Pulmonary thromboembolus. The pulmonary trunk and
proximal right and left pulmonary artery have been opened, reveal-
ing a tangled, branching red-tan mass within (arrow). A throm-
boembolus at this location (a “saddle” thromboembolus) is still a
relatively common and often undiagnosed cause of sudden death
in a patient in the hospital.
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Diagnosis: Determined by history and physical examination,
blood gases, ventilation-perfusion scan of the lung, pul-
monary angiography, and spiral CT scans.

2. Fat embolus

Source: Bone marrow; adipose tissue.

Risk factors for formation of fat embolus: Most commonly
associated with long bone fractures after motor vehicle acci-
dents and with orthopedic procedures.

Complications of fat emboli: High mortality rate.

Microscopic morphology of fat embolus: Cleared spaces (vac-
uoles) in blood vessels that stain positive with an oil-red-O
stain for fat in frozen sections (Figure 8-11).

Clinical presentation of fat embolus (clinical triad)
Axillary petechiae from emboli lodging in cutaneous vascu-
lature and causing extravasation of blood.
Altered mental status from emboli to the brain.
Dyspnea from emboli filling the pulmonary vasculature and
impairing the oxygenation of red blood cells.

3. Amniotic fluid embolus

Source: Amniotic fluid.

Risk factors for development of amniotic fluid embolus: Preg-
nancy causes dilation and distension of pelvic veins. During
delivery, these veins can tear, allowing amniotic fluid to enter
them.

Complications of amniotic fluid embolus: About 80% mortal-
ity rate due to development of shock and DIC.

Microscopic morphology of amniotic fluid embolus: Anucleate
squamous cells in the maternal vasculature.

4. Air embolus

Source: A small amount of air injected into the arteries
(1-2 mL ) can cause complications. For example, if air enters
the coronary arteries, even a small amount can cause an infarct
of the heart. If air is injected into the veins, a larger amount is
required to cause complications (100-200 mL).

Risk factors for formation of air embolus: latrogenic (med-
ically induced) or traumatic injuries of arteries or veins (e.g.,
incised wound of the neck).

Complications: Infarcts, death.
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Figure 8-10. Pulmonary thromboembolus causing red “hemor-
rhagic” infarct. This superior- to inferior-oriented cross-section of
the lung reveals a wedge-shaped pulmonary infarct in the upper
lobe (arrow) and a thromboembolus near the hilum (arrowhead).

Figure 8-11. Fat embolus. The vessel in the center of this section
has several well-defined clear spaces within the blood (arrowhead),
which are fat emboli. As is evident from the photomicrograph,
patients with fatty emboli have dyspnea as well as mental status
changes and axillary petechial hemorrhages. Hematoxylin and
eosin, 200X.
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INFARCTS

Basic description: A localized area of dead (necrotic) cells
within an organ. An infarct is the pathologic finding; an infarc-
tion is the process.

Mechanisms of infarct formation: Hypoxia and ischemia are
the two main mechanisms that result in infarction of organs.
Hypoxia is lack of oxygen to an organ, and ischemia is lack of
blood flow to an organ.

Important point: Ischemia is more damaging than hypoxia,
since in ischemia, decreased blood flow results in both
decreased oxygen delivery and decreased delivery of nutrients
to the tissue and, in addition, there is no way to remove the
toxic metabolites of cellular metabolism.

Causes of infarcts

Obstruction of vessel: Due to atherosclerosis, thrombi,
emboli, damage to vasculature (e.g., trauma, neoplasms and
cytomegalovirus infection), or external compression of an
artery or vein (e.g., torsion of organ).

Generalized hypotension: As occurs in forms of shock.
Types of infarcts: The two general types of infarcts are red and
white infarcts.

1. Red (“hemorrhagic”) infarct

Organs affected: Most red infarcts occur due to obstruction of
an artery supplying an organ that has a dual blood supply or an
organ that has loose parenchyma, such as the lung, which allows
for leakage of blood into damaged tissue.

Other mechanisms that produce a red infarct

Venous infarcts: Although the vein is obstructed, the artery
is still delivering blood to the tissue, which gives the infarct a
red appearance. However, even though some blood is being
delivered to the tissue, oxygen delivery is impaired because of
pooling of red blood cells.

Reperfusion: In an infarct, the parenchyma and supporting

structures of the organ (e.g., vessels, nerves) are damaged.

When blood flow is returned to the organ, blood leaks out of

damaged vessels, giving the infarct a red appearance.
Morphology of red infarct

Gross: Soft, red area of tissue (see Figure 8-10).

Microscopic: Coagulative necrosis and numerous extrava-
sated red blood cells.

2. White (“anemic”) infarct
Organs affected: Organs with single blood supply and organs
with solid parenchyma (e.g., heart, liver, spleen).
Morphology of white infarct
Gross: Soft, pale area of tissue (Figure 8-12).
Microscopic: Coagulative necrosis.

Hemodynamics

Figure 8-12. White splenic infarct. This spleen has a white (“ane-
mic”) infarct (arrowhead). White infarcts often occur in solid
organs with a single blood supply, such as the spleen.
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Complications of an infarct: Variable, depending on location
and size. As with hemorrhage, think of location of infarct. A
2.0-cm infarct of the liver might not be noticed, but a 2.0-cm
infarct of the brainstem would most likely cause death.

SHOCK

Basic description: Generalized hypoperfusion of the body (i.e.,
not enough blood is being circulated to supply the organs with
the oxygen they require). The three main types of shock are car-
diogenic, hypovolemic, and septic.

CARDIOGENIC SHOCK

Basic description: Failure of the heart as a pump.

Examples of causes of cardiogenic shock

A large myocardial infarct—damages so much myocardium
that the heart cannot pump effectively.

Acute mitral regurgitation—the heart is pumping enough

blood, but much of it is leaking back into the left atrium
instead of being propelled out into the aorta.

Clinical presentation of cardiogenic shock: As with other
types of shock, cardiogenic shock is characterized by low blood
pressure. However, depending on the underlying cause, the
heart rate may be increased (e.g., in pulmonary embolism, car-
diac tamponade) or decreased (e.g., in complete atrioventricu-
lar block). The skin is cool, jugular venous distention may be
present, and there is poor perfusion to the vital organs.

HYPOVOLEMIC SHOCK

Basic description: Lack of enough blood (due to loss) to prop-
erly perfuse the body—most commonly due to trauma.

Clinical presentation of hypovolemic shock

If less than 20% of the body’s total blood volume is lost: Cool
and clammy skin with increased heart rate.

If 20-40% of the body’s total blood volume is lost: Increased
respiratory rate, orthostasis, and possibly confusion.

If more than 40% of the body’s total blood volume is lost:
Hypotension, oliguria, and obtundation.

Important point regarding hypovolemic shock: Preexisting
heart disease may exacerbate the effects of hypovolemic shock.

SEPTIC SHOCK

Basic description: Generalized vascular dilation caused by an
infectious organism, usually due to lipopolysaccharides (LPS)
in the cell wall of gram-negative bacterial organisms such as
Escherichia coli, Pseudomonas, and Klebsiella. Blood pools in the
venous system and peripheral vasculature and not enough
returns to the heart to be pumped out.

Incidence of septic shock: 200,000 deaths annually (25-50%
mortality rate); at-risk patients include diabetics and immuno-
compromised.
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Mechanism of septic shock: Free LPS (released by degraded
bacteria) binds to LPS-binding protein, which then binds to
CD14 (on monocytes and macrophages), leading to activation
of monocytes via the Toll-like receptor. The activation of
macrophages results in increased levels of interleukin-1 (IL-1)
and tumor necrosis factor (TNF) and eventually of IL-6 and IL-8.
In a localized reaction, this mechanism is useful to the inflam-
matory reaction. However, in a more generalized reaction
involving most if not all of the body, this mechanism is harmful
and potentially lethal because it results in systemic vasodilation,
diminished myocardial contractility, and widespread endothe-
lial injury (leading to diffuse alveolar damage) and activation of
the coagulation system (leading to DIC).

Superantigens (e.g., toxic shock syndrome toxin-1): Bacterial
toxins, which, by themselves, induce septic shock by causing
widespread nonspecific activation of T cells.

Clinical presentation of septic shock: Increased respiratory
rate, increased heart rate, low blood pressure, fever, chills, olig-
uria, warm skin, and confusion.

ADDITIONAL TYPES OF SHOCK

Neurogenic shock: Defect in the central nervous system con-
trol of vascular tone results in generalized dilation of vessels
and consequent pooling of blood.

Anaphylactic shock: Due to a type I hypersensitivity reaction
(see Chapter 3).

Features and complications of shock: Generalized hypoperfu-
sion of organs leads to cell injury and death.

In the brain: Glebal hypoxic-ischemic encephalopathy has
the microscopic morphology of “red” neurons (i.e., dead
neurons that have red cytoplasm and pyknotic nuclei)
(Figure 8-13). Red neurons occur in areas most prone to
ischemic injury. Such areas in the adult brain include the
borderzone (the area between the distribution of two major
cerebral arteries), hippocampus, and cerebellum.

In the heart: Subendocardial contraction band necrosis has
the microscopic morphology of cardiac myocytes traversed
by darkly eosinophilic bands.

In the lungs: Diffuse alveolar damage has the microscopic
morphology of proteinaceous exudates in the alveoli and
hyaline membranes (i.e., eosinophilic “membranes” com-
posed of protein and cellular debris on the surface of the
alveolar septae).

In the liver: Centrilobular necrosis occurs because blood
enters the portal tract through the hepatic artery and portal
vein; thus, centrilobular hepatocytes are last to receive oxy-
genated blood and most prone to injury from shock. Cen-
trilobular necrosis has the gross morphology of a nutmeg
appearance, similar to the gross appearance of chronic pas-
sive congestion, and a microscopic morphology of coagula-
tive necrosis of centrilobular hepatocytes (Figure 8-14).

In the kidney: Acute tubular necrosis has the microscopic
morphology of coagulative necrosis of tubular epithelial cells
and dilation of tubules. It is commonly associated with the

Hemodynamics

Figure 8-13. Red neurons. This section of the hippocampus
demonstrates “red” neurons (arrowhead). Indicative of ischemic
injury, such as occurs in shock, these neurons have a shrunken
pyknotic nucleus, an eosinophilic cytoplasm, and a rounded cellu-
lar outline. Hematoxylin and eosin, 200X .

Figure 8-14. Centrilobular necrosis. This section demonstrates the
changes of centrilobular necrosis, preservation of hepatocytes
around the portal tracts (arrowheads), and necrosis of hepatocytes
around the central veins (arrows). The centrilobular hepatocytes
are the last hepatocytes to receive oxygenated blood; thus, these
cells are at most risk for injury following decreased perfusion of the
liver, as occurs in shock. Hematoxylin and eosin, 40X.
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presence of nucleated cells in adjacent renal vessels (i.e., in
the vasa recta).

In the adrenal gland: Corticomedullary hemorrhage.

In the gastrointestinal system: Acute gastric petechial hem-
orrhages and ulcers (Figure 8-15). Also, intestinal ischemia
occurs at borderzone areas between the distribution of major
vessels, commonly in the regions of the cecum and splenic
flexure.

Stages of shock

Compensated: Although the organs are hypoperfused, they
are still able to maintain homeostasis without injury.

Progressive: Organs can no longer maintain homeostasis,
and organ damage begins to occur.

Irreversible: Irreversible organ damage has occurred. Even if
the source of the shock is corrected (e.g., a transfusion to
correct blood loss secondary to trauma), the organs cannot
repair themselves.

Figure 8-15. Shock-induced injury of the stomach. The stomach in
this photograph has been opened, revealing the gastric mucosa.
The gastroesophageal junction and distal esophagus are in the
right upper corner. The innumerable punctate hemorrhages of the
gastric mucosa (red-black spots) are due to shock.
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CHAPTER 9

VASCULAR PATHOLOGY

OVERVIEW

Vessels are the conduits by which blood is distributed to and
from the organs. Obstruction or occlusion of vessels leads to
ischemia of the organs, which causes cell death (necrosis). The
most common cause of obstruction or occlusion of vessels is
arteriosclerosis (“hardening of the arteries”).

Pressure within the vessels is determined by a combination of
contraction of cardiac muscle and resistance created by the ves-
sels themselves. Changes in this system (e.g., increased vascular
resistance) can lead to hypertension, which can cause irre-
versible damage of the vessels. Examples of structural changes
include narrowing of the lumen and dilations of vessels (i.e.,
aneurysms). Other disorders (e.g., vasculitis) as well as hyper-
tension can cause vascular injury. This chapter will discuss arte-
riosclerosis and atherosclerosis, systemic hypertension, aortic
dissection, pulmonary hypertension, aneurysms, vasculitis, and
vascular proliferations.

ARTERIOSCLEROSIS

Overview: Arteriosclerosis is also known as “hardening” or scle-
rosis of the arteries and occurs in three main forms, Moncke-
berg medial calcification, arteriolosclerosis, and atherosclerosis.

Mdnckeberg medial calcification: A condition of little clinical
significance because the changes are nonstenotic. It is charac-
terized by medial calcification (“pipestem rigidity”) of the mus-
cular arteries (often radial and ulnar arteries) in elderly men.

Arteriolosclerosis: Thickening of arterioles (see the discussion
below on systemic hypertension).

ATHEROSCLEROSIS

Pathogenesis of atherosclerosis

1. Chronic endothelial cell injury by hyperlipidemia, hyperten-
sion, toxins in cigarette smoke, elevated levels of homocys-
teine, and hemodynamic forces (e.g., turbulent blood flow)
leads to endothelial cell dysfunction.
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2. Endothelial cells regulate vasodilation and constriction, pro-
mote hemostasis, and otherwise prevent thrombosis.
Endothelial dysfunction promotes thrombosis and increased
permeability as well as allows monocytes and lymphocytes to
adhere to the surface and migrate into the intima.

3. Low-density lipoproteins (LDL) can move into and out of
the intima; however, the presence of macrophages (derived
from blood monocytes) results in production of enzymes
that oxidize LDL. Oxidized LDL is engulfed by macrophages
through scavenger receptors.

4. Finally, smooth muscle cells migrate into the intima: The
smooth muscle cells convert from a contractile role in the
media to a secretory role in the intima, where they produce
extracellular matrix. Smooth muscle cells secrete extracellu-
lar matrix components (e.g., collagen) that contribute to the
development of plaque. Smooth muscle cells, like macro-

phages, are capable of engulfing oxidized LDL. Figure 9-1. Aortic atherosclerosis. This close-up of the intimal sur-
face of the longitudinally opened aorta reveals severe atherosclero-

Important points regarding atherosclerosis sis. The roughened surface of the aorta is due to innumerable ath-
Atherosclerosis begins as an intimal process; the changes in erosclerotic plagues, which are hemorrhagic and friable. Within the
the media occur secondary to changes in the intima. blood stream, a portion of these friable plaques can break free and
embolize farther down the vasculature, sometimes producing

Macrophages that engulf LDL die and release oxidized LDL,
causing intracellular and extracellular lipid to accumulate
within plaque.

infarcts.

Elevated levels of high-density lipoproteins (HDL) are pro-
tective. HDL removes LDL from the wall of the vessel. Mod-
erate alcohol consumption and exercise have been demon-
strated to increase HDL levels.

Risk factors for atherosclerosis

Major and modifiable risk factors (i.e., modifiable through
changes in lifestyle): Smoking, diabetes mellitus, hyperten-
sion, and hyperlipidemia. The term “metabolic syndrome”
describes a group of metabolic risk factors that includes
insulin-resistance hyperlipidemia, hypertension, and abdom-
inal obesity.

Major and nonmodifiable risk factors: Male gender (after
menopause, female risk for atherosclerosis is the same as that
of males), advanced age, and family history, which is usually
polygenic in origin.

Other risk factors: Chlamydia pneumoniae infection, ele-
vated levels of homocysteine, and elevated levels of lipopro-
tein-a (Lp,). Lp, is similar in shape to plasminogen and thus
interferes with the generation of plasmin, predisposing to
thrombosis.

Vessels affected by atherosclerosis

Elastic and medium-sized muscular arteries, most severely at
ostia where laminar flow is disrupted. Laminar flow protects
vessels from the development of atherosclerosis.

In general, there is a descending order of prominence of vas-
cular involvement: abdominal aorta (Figure 9-1), coronary
arteries, popliteal arteries, internal carotid arteries, and circle
of Willis. However, patients with severe coronary artery ath-
erosclerosis can have a relatively disease-free aorta.
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COMPLICATIONS OF ATHEROSCLEROSIS

Overview: The first three complications listed below—occlusion
of vessel, disruption of plague, and emboli—can lead to
ischemia and infarcts of organs. Aneurysms can lead to rupture
of the vessel and resultant hemorrhage. Peripheral vascular dis-
ease is a specific condition with characteristic symptoms related
to atherosclerosis of the arteries in the lower extremities.
1. Occlusion of vessel: Symptoms, signs, and results depend
upon organ supplied.
2. Disruption of plaque: Hemorrhage within plaque or rupture
or ulceration of plaque (with exposure of the thrombogenic
components) can result in thrombus formation.
3. Emboli: Plaque can break free and be carried in the blood
stream farther down the vessel.
4. Aneurysm: Atherosclerosis begins as an intimal process, but
over time the thickened intima puts pressure on and causes
atrophy of the media, often resulting in an aneurysm (i.e.,
dilation or saccular outpouching of the vessel).
5. Peripheral vascular disease
« Clinical presentation: Claudication, which is characterized
by ache or cramping in the extremities with exertion that is
relieved by standing still. Patients also have cool extremi-
ties, diminished distal pulses, and shiny, hairless skin.
Patients with severe peripheral vascular disease have pain
at rest. Ischemic ulcerations are a common cause of mor-
bidity.

+ Cause: Atherosclerosis of vessels of the lower extremities.

MORPHOLOGY OF ATHEROSCLEROSIS

General morphology: Grossly recognizable atherosclerosis
begins as a fatty streak and progresses to a fibroatheroma.
Fatty streak: Intimal accumulation of foam cells (Figure
9-2).
Atheroma: Intimal accumulation of foam cells and extracel-
lular lipid.
Fibroatheroma: Atheroma with development of a fibrous
cap.

Microscopic morphology of a fibroatheroma: There are three

main components of a fibroatheroma (Figure 9-3).

1. Fibrous cap: A thick fibrous cap is more stable and less likely
to develop complications (e.g., hemorrhage or rupture). The
fibrous cap is composed of smooth muscle cells and extracel-
lular matrix (e.g., collagen).

2. Atheromatous core: Contains extracellular lipid, macrophages
with intracellular lipid, and necrotic tissue.

3. Shoulder of plaque: Has macrophages, leukocytes, and
blood vessels.
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Figure 9-2. Atherosclerosis, fatty streak. The intima of this vessel
has a few collections of lipid-laden macrophages and some collec-
tions of extracellular lipid (arrow). Hematoxylin and eosin, 200X.

Figure 9-3. Atherosclerosis, coronary artery. The cross-section of
this coronary artery reveals a large atherosclerotic plaque with a
thin fibrous cap (arrow) and thick atheromatous core (arrowhead).
Currently, the plaque is producing more than 75% stenosis of the
lumen of the vessel and most likely resultant ischemia of tissue
downstream from the obstruction. Also, atherosclerotic plaques
with a thin fibrous cap are prone to rupture, with potential resultant
thrombus formation. Hematoxylin and eosin, 20X.
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SYSTEMIC HYPERTENSION

Basic description: Elevated systemic blood pressure (systolic
pressure = 140 mm Hg or diastolic pressure = 90 mm Hg).

Epidemiology: Hypertension occurs in 15-30% of adults. The
incidence increases with age (60% of people older than age 65
have hypertension). It is more common in males and in African
Americans.

Types of systemic hypertension: Hypertension may be primary
(essential), with no underlying cause, or secondary, with an
underlying cause. In addition, hypertension can be classified as
benign or malignant, depending upon its clinical course and

symptoms.

Primary (essential) hypertension: Hypertension not associated
with an underlying disease. It represents 90-95% of cases of
systemic hypertension.

Secondary hypertension: Hypertension due to another disease
process. Causes of secondary hypertension are usually renal,
endocrine, cardiac, neurologic, or stress-induced in origin
(Table 9-1).

Renal causes: Often due to activation of the renin-
angiotensin-aldosterone system and can be parenchymal and
vascular in origin. Renal parenchymal causes include chronic
renal failure, acute glomerulonephritis, and renin-producing
tumors. Renal vascular causes include renal artery stenosis
caused by atherosclerosis or another process (e.g., fibrous
dysplasia).

Endocrine causes: Cushing syndrome, Conn syndrome
(aldosterone-secreting tumor), acromegaly, pheochromocy-
toma, hyperthyroidism, and hypothyroidism.

Cardiovascular causes: Coarctation of the aorta, polyarteri-
tis nodosa, increased intravascular volume, and increased
cardiac output.

Neurologic causes: Increased intracranial pressure, sleep
apnea, acute stress, and brain tumors.

Stress-induced causes: Pain, anxiety, and hypoglycemia.

TABLE 9-1. Secondary Causes of Hypertension
Source of Cause of Hypertension hy Organ System Specific Causes

Renal Chronic renal failure, acute glomerulonephritis, and renal artery stenosis
due to atherosclerosis or fibrous dysplasia

Endocrine Both Cushing and Conn syndromes, acromegaly, pheochromocytoma,
hyperthyroidism, and hypothyroidism

Cardiovascular Coarctation of the aorta, polyarteritis nodosa

Neurologic Increased intracranial pressure, sleep apnea, brain tumors




Vascular Pathology

Idiopathic (“benign”) hypertension: Has a slow clinical course.
Patients can survive with the disease for 10-20 years or more.
Note, that despite the designation of “benign,” all forms of
hypertension are associated with increased morbidity and
mortality.

Malignant hypertension: Has a rapid clinical course. Death
occurs within 1 to 3 years. Patients have retinal hemorrhage,
papilledema, and renal failure. Malignant hypertension can
arise in the background of “benign” hypertension, or it can arise
de novo.

Classification of hypertension occurring during pregnancy

Chronic hypertension: Defined as hypertension present
prior to 20 weeks’ gestation.

Gestational hypertension: Defined as hypertension occur-
ring after 20 weeks’ gestation, which resolves within 2 weeks
of termination of the pregnancy.

Preeclampsia (toxemia): Hypertension occurring during
the second half of gestation in association with significant
(> 300 mg/24 h) proteinuria. Edema is common but is no
longer considered a diagnostic criterion. Hyperuricemia is
frequently present.

Severe preeclampsia: Meets the diagnostic criteria for
preeclampsia, plus patients have evidence of end-organ dys-
function. Signs and symptoms of severe preeclampsia
include oliguria, severe headache, abdominal pain, elevated
liver enzymes, thrombocytopenia, and pulmonary and cere-
bral edema.

Eclampsia: Meets the diagnostic criteria for severe
preeclampsia; also, patients have seizures.

HELLP syndrome: Form of severe preeclampsia characterized
by hemolysis, elevated liver enzymes, and low platelet count
(thrombocytopenia).

Pathogenesis of hypertension

Primary hypertension: The pathogenesis of primary (essen-
tial) hypertension is complex and the result of many factors.
The two main components determining blood pressure are
cardiac output and total peripheral resistance. Total periph-
eral resistance is a balance between vasoconstricting forces
(including angiotensin II and catecholamines) and vasodi-
lating forces (including prostaglandins and nitric oxide).
Many other factors play a role in primary hypertension,
including low pH and hypoxia in certain organs (e.g.,
kidney).

Secondary hypertension: The pathogenesis is usually more
straightforward than in essential hypertension. For example,
if the patient has a pheochromocytoma (tumor of the adre-
nal medulla), the hypertension results from the elevated level
of catecholamines. In renal artery stenosis, hypertension
results from the elevated level of renin produced by the kid-
ney because of a perceived low volume state, with an ulti-
mate increase in angiotensin II and aldosterone.

Complications of hypertension

Atherosclerosis: Hypertension is one of the four major
modifiable risk factors.
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Cardiac hypertrophy: Predisposes to sudden death and con-
gestive heart failure. Hypertrophy is a compensatory mecha-
nism, but compensation may ultimately be inadequate to
sustain effective cardiac output, resulting in congestive heart
failure.

Intracerebral hemorrhage: Often centered on basal ganglia
or thalamus.

Arteriolosclerosis: Can lead to organ ischemia and most
commonly to renal failure.

Aortic dissection: (see discussion of aortic dissection
below).

Retinopathy.

Morphology of hypertension

Gross: Enlarged heart due to concentric hypertrophy.

Microscopic

o Hyaline arteriolosclerosis: Associated with benign hyper-
tension. It is eosinophilic, acellular thickening of the wall
of arterioles (Figure 9-4).

o Hyperplastic arteriolosclerosis: Associated with malig-
nant hypertension. It is a concentric, cellular thickening
(i.e., onion-skinning) of the wall associated with fibrinoid
necrosis (Figure 9-5).

AORTIC DISSECTION

Basic description: Separation of the aortic media by blood
entering the wall through an intimal tear (Figure 9-6).

Types of aortic dissection
Types I and II (also called type A): Involve the aortic arch
and are the most severe type of dissection because of their
ability to cause a hemopericardium or acute aortic insuffi-
ciency.
Type III (also called type B): Involve the distal aorta.

Risk factors for an aortic dissection
Hypertension: Most aortic dissections are due to systemic
hypertension.

Connective tissue disorders: Most commonly Marfan syn-
drome.

Complications of an aortic dissection: Once the blood dissects
into the aortic media through a tear in the intima, it may pro-
duce a second tear in another location, or the hematoma may
secondarily involve another structure.
If the second tear is in the intima in another location:
Results in a “double-barrel” aorta, the most benign compli-
cation of an aortic dissection.
If the second tear is in the pericardial sac: Results in
hemopericardium and possible cardiac tamponade.
With involvement of the aortic valve ring: Disrupts stability
of the valve, leading to aortic insufficiency (Figure 9-7).
If the second tear is into the pleural cavity: Results in
hemothorax.

Vascular Pathology

Figure 9-4. Hyaline arteriolosclerosis. The vessel in the center of
this photomicrograph has a wall that is thick, acellular, and
eosinophilic (hyaline). This histologic change is characteristic of
benign hypertension. The histologic changes in the vessel wall are
secondary to the accumulation of plasma proteins. Similar histo-
logic changes (due to a different mechanism) can be seen in
patients with diabetes mellitus. Hematoxylin and eosin, 400X.

Figure 9-5. Hyperplastic arteriolosclerosis. The vessel in the center
of this photomicrograph has a wall that is thickened by concentric,
cellular layers. This histologic change is characteristic of malignant
hypertension. Hematoxylin and eosin, 400X.
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If the second tear is into the retroperitoneum: Results in
retroperitoneal hemorrhage.

With involvement of the coronary arteries: As blood dissects
through the media, branch vessels can be compressed or the
vessels themselves may dissect, resulting in infarction of the
downstream organ.

Morphology of an aortic dissection
Gross: Separation of media by a layer of blood.
Microscopic
© Hemorrhage in the wall.

© In hypertension and Marfan syndrome, the aorta may
undergo cystic medial degeneration, in which the elastic
fibers in the wall become separated by acellular myxoid
material (Figure 9-8). Cystic medial degeneration is most
commonly seen in patients with Marfan syndrome.

Figure 9-6. Aortic dissection. The wall of this aorta is split by a
Clinical presentation of an aortic dissection hematoma, representing an aortic dissection.
Symptoms: Patients describe severe, sharp, “tearing” pain
that radiates to the back (interscapular area).
Signs: Asymmetrical pulses; murmur, if aortic insufficiency
is present.

PULMONARY HYPERTENSION

Basic description: Elevated pulmonary arterial pressure (nor-
mal is 15-30 mm Hg).

Mechanisms of pulmonary hypertension and their specific
causes

Increased pulmonary flow as occurs in atrial and ventricular
septal defects or a patent ductus arteriosus.

Elevated pulmonary venous pressure as occurs in left ven-
tricular failure or mitral stenosis or regurgitation.

Chronic pulmonary vasoconstriction in reaction to hypoxia,
which is commonly seen in chronic obstructive pulmonary
disease and obstructive sleep apnea.

Abnormalities of the pulmonary arteries, including pul-
monary embolic disease and parenchymal lung disease
(fibrosis).

Primary pulmonary hypertension

o Basic description: Pulmonary hypertension that occurs in
a patient with no identifiable risk factors for its develop-

ment.

. . s . . Figure 9-7. Aortic dissection involving the aortic valve. This dissec-

° Epidemiology: Third or fourth decades; female predomi- tion has extended proximally, to the aortic valve (arrow). The dissec-
nance.

tion disrupts the stability of the valve, producing aortic insufficiency.
o Pathogenesis of primary pulmonary hypertension: Most

cases are sporadic, but 5% are familial and associated with

a mutation in bone morphogenetic protein receptor type 2

(BMPR2). BMPR2 inhibits proliferation of vascular

smooth muscle and promotes apoptosis; therefore, an

absence of this protein receptor can lead to proliferation of

vascular smooth muscle.
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Microscopic morphology of pulmonary hypertension

Grade 1: Medial hypertrophy.

Grade 2: Intimal and medial hypertrophy.
Grade 3: “Pipestem” fibrosis of arteries.
Grade 4: Plexiform lesions.

Grade 5: Fibrinoid necrosis.

Clinical presentation of pulmonary hypertension: Exertional
dyspnea (60% of patients) and weakness (19% of patients),
cyanosis, digital clubbing, jugular venous distention, and chest
pain. Pulmonary hypertension of grades I-III is potentially
reversible.

ANEURYSMS

Basic description of a true aneurysm: Dilation of the wall of a
blood vessel involving all layers. The three types of true
aneurysms are saccular, fusiform, and mycotic.

Types of true aneurysms

Saccular aneurysm: Saccular outpouching from one side of
the affected vessel.

Fusiform aneurysm: Generalized dilation of the entire cir-
cumference of the affected vessel.

Mycotic aneurysm: An aneurysm that occurs as the result of
an infection from septic emboli or an aneurysm that has sub-
sequently become infected. A mycotic abdominal aortic
aneurysm is commonly due to Salmonella infection from
gastroenteritis.

Basic description of a false aneurysm (i.e., pseudoaneurysm):
A defect in the wall allows blood to escape the vessel or organ
(e.g., the heart) and accumulate outside the wall. If the
extravasated blood is contained, it appears like a saccular dila-
tion but it is not. False aneurysms can result from trauma or
rupture of a vessel.

PATHOGENESIS OF AN ANEURYSM

Aneurysms can have several etiologies, including atherosclero-
sis, cystic medial degeneration, and tertiary syphilis.

The primary intimal changes of atherosclerosis weaken the
media and can result in an aneurysm. Atherosclerosis is the
most common cause of aneurysms, and such aneurysms
most commonly occur in the abdominal aorta (Figure 9-9).
Atherosclerosis also causes thoracic aortic aneurysms and
aneurysms of other vessels. Contributing factors are matrix
metalloproteinases that are secreted by macrophages and
contribute to damage of the wall. Aneurysms have a
decreased level of tissue inhibitors of metalloproteinases
(TIMP).

Cystic medial degeneration can lead to true aneurysms as
well as to the previously described aortic dissection.

Luetic aortic aneurysm of tertiary syphilis
Mechanism: Syphilis causes obliterative endarteritis of the
vasa vasorum, which results in ischemia of the vessel’s media.

The ischemia of the media leads to scarring and loss of elas-
tic recoil, so the vessel dilates.

Vascular Pathology

Figure 9-8. Cystic medial degeneration. The acellular, myxoid
(blue) material dividing the collagen fibers in the media of this
aorta is cystic medial degeneration. Cystic medial degeneration is
commonly seen in patients with Marfan syndrome, but can be
seen in the aorta of patients with hypertension. The changes pro-
duced by cystic medial degeneration may predispose individuals to
develop an aortic dissection. Hematoxylin and eosin, 100X.

Figure 9-9. Abdominal aortic aneurysm. This photograph of an
aorta opened longitudinally (proximal end at left side of image, and
distal end at right side of image) illustrates an aortic aneurysm, just
distal to the ostia of the renal arteries.
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Location: Thoracic aorta (aortic root and arch).

Complications of syphilitic aortitis

© Aortic insufficiency as a result of dilation of the aortic
valve annulus, which can cause congestive heart failure.

© Compression of the lungs and airways, causing respiratory
difficulties.

© Compression of the esophagus, causing dysphagia.

© Compression of the recurrent laryngeal nerve, causing
cough.

© Rupture: Not common; the wall is scarred, and scars do
not tear easily.

Morphology of syphilitic aortitis
© Gross: “Tree-barking” of the intima is a result of irregular
scarring of the media, causing contraction of intima.

o Microscopic: Obliterative endarteritis is obliteration of
the vasa vasorum by intimal changes and scarring. The
wall of the vessel has a variably dense plasma cell infiltrate.

Others causes of aneurysms: Congenital weakness of the
wall (e.g., berry aneurysms), trauma.
Complications of aneurysms

Emboli from atherosclerotic plaques that form within the
aneurysm.

Thrombosis: Aneurysm allows for stagnation of blood and
formation of thrombi, with or without resultant emboli.
Rupture of aneurysm with resultant hemorrhage (Figure
9-10).

Obstruction of branch vessels.

Impingement on neighboring structures.

Gross morphology of aneurysms: Outpouching of the vessel
wall (i.e., saccular), or generalized dilation of the vessel wall
(i.e., fusiform).

Clinical presentation of aneurysm: Presentation as a pulsatile
mass. Abdominal aortic aneurysms may be palpated by physical
examination.

Clinical presentation of ruptured aneurysm

Triad: Abdominal pain, hypotension, and pulsatile abdominal
mass.

Important point: Abdominal aortic aneurysms larger than
5 cm have a greatly increased risk of rupture (10% per year).
Abdominal aneurysms larger than 4.0 cm and thoracic
aneurysms larger than 6.0 cm should be considered for repair.

ARTERIOVENOUS FISTULA

Basic description: Abnormal connection between an artery
and a vein.

Pathogenesis: Can be developmental and can develop after
trauma.

Complications: High-output cardiac failure; rupture with hem-
orrhage.
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Figure 9-10. Ruptured abdominal aortic aneurysm. This photo-
graph shows an aorta with a large (> 6.0 cm) abdominal aortic
aneurysm. The proximal aorta is located at the right side of the
image and has been opened longitudinally. The arrows indicate the
left and right iliac arteries (also opened longitudinally). The
aneurysm has been previously opened for examination and folded
closed for the photograph. The hemorrhage in the retroperitoneal
tissue, which resulted from the rupture of the aneurysm, is easily
identifiable.
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VASCULITIS

Overview: Vasculitis is inflammation of the vessels, which most
commonly has an infectious or immune-mediated cause. Infec-
tious causes of vasculitis include Neisseria, Rickettsiae, and
syphilis. Immune-mediated vasculitis occurs due to one of
three mechanisms include immune-complex deposition,
ANCA-mediated, or direct antibody interaction, and will be
discussed below. In many cases, the pathogenesis of vasculitis is
unknown, but most likely it is an immune-mediated mecha-
nism.

IMMUNE COMPLEX DEPOSITION-MEDIATED
VASCULITIS

Mechanism: Antibodies induced by the disease process bind
antigens. This interaction forms a complex that deposits within
the vessel wall. The immune complex causes vasculitis through
activation of complement.

Diseases associated with immune complex deposition—
mediated vasculitis: Patients with hepatitis B and hepatitis C
infections and systemic lupus erythematosus can develop an
immune complex deposition—-mediated vasculitis. Drug-
induced vasculitis, which often involves the skin, is due to
immune-complex deposition.

ANCA-MEDIATED VASCULITIS

Basic description: ANCAs are antineutrophil cytoplasmic anti-
bodies.

Mechanism: Unknown for certain; however, one possible
explanation is that ANCAs cause degranulation of neutrophils.
The degranulation of the neutrophils releases substances that
have toxic effects on vessels and surrounding tissue.

Two types of ANCA
¢-ANCA: Antibody against PR-3.
p-ANCA: Antibody against myeloperoxidase.

Disease associations: Patients with Wegener granulomatosis
can have c-ANCA. Patients with microscopic polyarteritis and
Churg-Strauss syndrome can have p-ANCA.

DIRECT ANTIBODY INTERACTION-MEDIATED
VASCULITIS

Mechanism: Antibodies bind directly to the antigens in the tar-
get organ.

Disease associations: Goodpasture syndrome, which is caused
by antibodies to the glomerular basement membrane, and
Kawasaki syndrome, which has antiendothelial antibodies.

MAJOR VASCULITIDES (TABLE 9-2)

Overview: The major forms of vasculitis, which will be dis-
cussed below, are giant cell arteritis, Takayasu arteritis, pol-
yarteritis nodosa, Wegener granulomatosis, Buerger disease,
Kawasaki disease, microscopic polyarteritis, and Churg-Strauss
syndrome.

Vascular Pathology
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TABLE 9-2. Important Points Regarding Specific Vasculitides

Disorder Vessels Affected Important Points

Giant cell arteritis Branches of carotid artery and aorta Affects females >50 years of age; causes headaches;
diagnosis determined with biopsy; treatment is steroid
therapy

Takayasu arteritis Aorta Affects females <50 years of age; causes weak pulses

in upper extremities

Polyarteritis nodosa Small and medium-sized arteries; Histologic lesions are temporally heterogeneous;
spares pulmonary arteries patients present with multitude of symptoms
Wegener granulomatosis Small vessels Classic clinical triad of chronic sinusitis, pneumonitis,

and renal disease; patients are positive for c-ANCA

Kawasaki disease Coronary arteries Causes coronary artery aneurysms

Buerger disease Small and medium-sized arteries Associated with tobacco use; patients develop ulcers
of fingers and toes

GIANT CELL ARTERITIS (TEMPORAL ARTERITIS)

Vessels affected: Aorta and branches of the carotid arteries
(ophthalmic, temporal).

Complications: Thoracic aortic aneurysms.
Epidemiology: Women older than 50 years of age.

Microscopic morphology: Granulomatous inflammation of
vessel wall with disruption of elastic lamellae (Figure 9-11).

Clinical presentation of giant cell arteritis: Includes visual dis-
turbances (e.g., diplopia and visual loss) and unilateral tempo-
ral headache and jaw claudication. Patients can have an elevated
erythrocyte sedimentation rate.

Diagnosis: Definitive diagnosis requires biopsy.

Treatment of giant cell arteritis: Steroid therapy.

Figure 9-11. Temporal arteritis. This temporal artery has a wall that
TAKAYASU ARTERITIS is thickened by an inflammatory infiltrate. The inflammatory infil-
trate includes giant cell formation (arrow). Hematoxylin and eosin,
200X.

Vessels affected: Aorta, branch vessels to upper extremities,
and pulmonary arteries. The condition is also called “pulseless
disease.”

Complications: Thoracic aortic aneurysms.
Epidemiology: Women younger than 50 years of age; Asians.

Morphology of Takayasu arteritis
Gross: Vessel wall with near occlusion of lumen by thick
intima.
Microscopic: Varies from a mononuclear inflammatory

infiltrate to granulomatous inflammation. Intimal prolifera-
tion and fibrosis is present.
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Clinical presentation of Takayasu arteritis: Weak pulses in
upper extremities; arthralgias, myalgias, night sweats, visual
disturbances, and fever. Patients can have an elevated erythro-
cyte sedimentation rate.

Important point: Because giant cell arteritis and Takayasu arteri-
tis can have similar microscopic and gross features, the diagno-
sis is based largely upon epidemiology. Some texts use the term
giant cell arteritis to designate both temporal arteritis and
Takayasu arteritis, with the two conditions separated by epi-
demiology and symptoms (Figure 9-12).

POLYARTERITIS NODOSA

Vessels affected: Small or medium-sized muscular arteries.
Polyarteritis nodosa does not involve the smaller vessels (i.e.,
venules, capillaries, or arterioles) or pulmonary arteries. Com-
monly involved vessels are the renal and visceral arteries.

Epidemiology: Usually young adults.

Important point: About 30% of cases are associated with hepati-
tis B infection. Polyarteritis nodosa is also associated with hepa-
titis C infection.

Morphology of polyarteritis nodosa

Microscopic: Transmural inflammation of vessels in combi-
nation with fibrinoid necrosis (i.e., smudgy, pink degenera-
tion of wall), which leads to scarring (Figure 9-13).
Important point: Patients have lesions in various stages (i.e.,
some inflammation, some scarring); in other words, the
lesions are of different ages (referred to as temporally hetero-
geneous).

Clinical presentation of polyarteritis nodosa

Polyarteritis nodosa presents a challenging clinical diagnosis
since a multitude of symptoms are possible. Hypertension
and abdominal pain are common. Arthritis and myalgias are
present in more than 60% of cases.

Polyarteritis nodosa is not associated with glomerulonephri-
tis; however, renal artery involvement is usually prominent
and often the cause of death.

There is no association with ANCA.

WEGENER GRANULOMATOSIS

Vessels affected: Small vessels in upper and lower respiratory
tract and kidney.

Microscopic morphology: Granulomatous inflammation.

Clinical presentation of Wegener granulomatosis

Acute necrotizing granulomas of the upper and lower respi-
ratory tract, causing chronic sinusitis.

Necrotizing and granulomatous vasculitis of organs: Most
prominently involve the lungs, forming nodules and infil-
trates and causing pneumonitis.

Focal necrotizing or crescentic glomerulonephritis, causing
renal disease.

Vascular Pathology

Figure 9-12. Giant cell aortitis. This patient had a thoracic aortic
aneurysm. Histologic examination of the aneurysm revealed fibro-
sis (left side of image) and giant cell formation. Both temporal
arteritis and Takayasu arteritis can affect the aorta, producing sim-
ilar histologic changes. The separation of the two disorders, when
only the aorta is involved, is based primarily upon age of the
patient. Hematoxylin and eosin, 400X.

Figure 9-13. Polyarteritis nodosa. Note the prominent fibrinoid
necrosis (smudgy eosinophilic changes) of the wall of this vessel
and the accompanying inflammatory infiltrate. Polyarteritis nodosa
can affect many different medium-sized vessels (with the excep-
tion of the pulmonary vasculature) and, thus, patients can present
with a wide variety of signs and symptoms. Hematoxylin and eosin,
200X%.
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Important point regarding Wegener granulomatosis: In addi-
tion to the above described classic clinical triad, Wegener gran-
ulomatosis is also associated with c-ANCA.

BUERGER DISEASE (THROMBOANGIITIS OBLITERANS)

Vessels affected: Small and medium-sized arteries, most com-
monly radial and tibial arteries.

Epidemiology: More common in Israel, India, and Japan than
in the United States. Almost completely limited to cigarette
smokers.

Pathogenesis of Buerger disease: Unknown, but possibly due
to the direct toxic effects of tobacco on vessels or a hypersensi-
tivity reaction to the tobacco products. Increased prevalence of
HLA-A9 and HLA-B5 is identified in patients with Buerger
disease.

Microscopic morphology: Segmental acute and chronic
vasculitis; can have thrombosis of the lumen; thrombus can
contain microabscesses.

Complications of Buerger disease: Ulcers of toes, feet, or
fingers.

Clinical presentation: Severe pain with activity or rest, most
likely due to neural involvement and digital ulceration.

KAWASAKI DISEASE (MUCOCUTANEOUS
LYMPH NODE SYNDROME)

Vessels affected: Most important is involvement of the coro-
nary arteries.

Complications of Kawasaki disease: Includes aneurysms of
the coronary arteries and myocardial infarction. These are late
complications occurring many years after acute disease.

Microscopic morphology: Similar to polyarteritis nodosa but
with less prominent fibrinoid necrosis.

Clinical presentation of acute disease: Kawasaki disease clas-
sically presents in children younger than 5 years of age who
present with a high fever (up to 40°C, or 104°F) for more than
5 days; with conjunctivitis, strawberry tongue, cervical lym-
phadenopathy; and with peeling erythematous rash of lips,
palms, and soles of feet.

MICROSCOPIC POLYARTERITIS

Vessels affected: Smaller vessels than those that are affected by
polyarteritis nodosa.

Organs involved: Skin, kidney (causing glomerulonephritis),
and lungs (causing pulmonary capillaritis).

Microscopic morphology of micrescopic polyarteritis: Tem-
porally homogeneous lesions.

Clinical presentation: Associated with p-ANCA.
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CHURG-STRAUSS SYNDROME
Vessels affected: Small to medium-sized arteries.

Microscopic morphology: Granulomatous vasculitis.

Clinical presentation: Asthma, eosinophilia, and pulmonary
infiltrates.

VASCULAR TUMORS

Overview: Vascular proliferations range from the benign
hemangioma, to Kaposi sarcoma and other tumors of border-
line malignancy, to angiosarcoma, which is a highly malignant
and aggressive neoplasm.

HEMANGIOMA
Basic description: Benign proliferation of blood vessels.

Complications

Usually none—many hemangiomas that occur in childhood
completely or nearly completely regress.

Hemangiomas can sequester platelets, which results in
thrombocytopenia (called Kasabach-Merritt syndrome).

Hemorrhage due to rupture of tumor.

Microscopic morphology: Two types, capillary and cavernous.
1. Capillary: Small, back to back, capillary-like vessels.

+ Outcome: Tend to regress.

+ Age: More common in children.

« Portion of body affected: Skin and subcutaneous tissues.
2. Cavernous: Large, blood-filled spaces.

+ Outcome: Do not tend to regress.

+ Age: More common in adults.

- Portion of body affected: Deeper structures (e.g., liver).

KAPOSI SARCOMA
Basic description: Malignant tumor of blood vessels.

Four variants of Kaposi sarcoma

1. Classic variant occurs in men of Mediterranean descent, is
low grade, and affects the arms and legs.

2. Kaposi sarcoma variant occurs in patients who are HIV pos-
1tive.

3. Lymphadenopathic variant occurs in Africa.

4. Kaposi sarcoma variant is associated with transplantation.

Pathogenesis: Kaposi sarcoma is associated with infection with

human herpes virus 8 (HHV-8), which, in developed countries,
is thought to be primarily sexually transmitted.
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Morphology of Kaposi sarcoma

Gross: Patches progress to raised plaques, which progress to
nodules.

Microscopic: Spindled cells; extravasated red blood cells.

ANGIOSARCOMA
Basic description: High-grade malignant tumor of the blood
vessels.
Risk factors for development of angiosarcoma

In hepatic angiosarcoma: Polyvinyl chloride use; exposure to
arsenic and Thorotrast.

Radiation.

Lymphedema: Most commonly after axillary tail dissection
in patients with breast cancer.

MISCELLANEQOUS VASCULAR CONDITIONS

RAYNAUD DISEASE (PRIMARY RAYNAUD
PHENOMENON)

Basic description: Pallor and cyanosis of the digits due to cold-
induced vasoconstriction.

Epidemiology: Young adult females.
Complications of Raynaud disease: None; the disease is usually

benign.

RAYNAUD PHENOMENON (SECONDARY RAYNAUD
DISEASE)

Basic description: Pallor and cyanosis of the digits due to cold-
induced vasospasm.

Epidemiology: Older males.

Disease associations: Systemic lupus erythematosus, Sjogren
syndrome, atherosclerosis.

Complications of Raynaud phenomenon: Ulcers, gangrene.

CHAPTER 9
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CARDIAC PATHOLOGY

Diseases of the heart fit into several general categories: congen-
ital heart disease, ischemic heart disease, valvular diseases, and
diseases of the myocardium (i.e., cardiomyopathies). Pericar-
dial diseases and cardiac tumors are an additional small subset
of conditions affecting the heart. A common manifestation of
many different forms of heart disease is congestive heart fail-
ure (CHF). In general terms, congestive heart failure is the
inability of the heart to pump enough blood to supply the
body’s oxygen requirements. It can represent failure of cellular
adaptation (e.g., decompensated hypertrophy due to hyperten-
sion or chamber dilation due to regurgitant valves) or the out-
come of myocardial damage caused by other diseases (e.g., scar-
ring due to ischemic injury, inflammation, or accumulation of
iron in hemochromatosis).

Classic symptoms of heart disease are chest pain or discom-
fort, dyspnea (including orthopnea and paroxysmal nocturnal
dyspnea), palpitations, syncope, and edema. Dyspnea is an
uncomfortable awareness of breathing. Orthopnea is dyspnea
when in the recumbent position due to increased venous return
and increased pulmonary venous pressure. Patients with
orthopnea sleep upright on pillows to avoid becoming short of
breath. Paroxysmal nocturnal dyspnea is when patients awaken
with dyspnea 2—4 hours after falling asleep (due to central
redistribution of peripheral edema).

An understanding of heart sounds is important in the clinical
evaluation of heart disease. The S, sound is caused by closing of
the mitral and tricuspid valves, and the S, sound is caused by
closing of the aortic and pulmonary valves. In a patient with
hypertension (systemic or pulmonary), closing of the associ-
ated valve (aortic or pulmonic) is accentuated (louder); in a
patient with stenosis, the closing is diminished in strength
(softer sound). S, is physiologically split during inspiration
(aortic, A,, first and pulmonic, P, second)—increased venous
return to the right side of the heart delays closure of the pul-
monic valve and decreased return to the left side speeds closure
of the aortic valve. Wide splitting of S, is caused by a greater
than normal delay in pulmonic closure (e.g., right bundle
branch block, pulmonic stenosis) or earlier aortic valve closure
due to decreased left ventricular volume (e.g., mitral regurgita-
tion, ventricular septal defect). Paradoxical splitting (P, first
and A, second) occurs with delayed closure of the aortic valve
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(e.g., left bundle branch block, aortic stenosis). A pathologic S,
occurs with ventricular systolic dysfunction during the rapid
filling phase of diastole or from impact of the left ventricle
against the chest wall. It is particularly common in the setting of
CHE S, is from ejection of blood from the atrium into a non-
compliant ventricle, as might be encountered in the setting of
ventricular hypertrophy related to systemic hypertension, or in
the setting of an acute myocardial infarct.

This chapter will discuss congenital heart disease, ischemic
heart disease, hypertensive cardiovascular disease, congestive
heart failure, valvular heart disease, cardiomyopathies,
myocarditis, pericardial disease, and cardiac tumors.

Overview: There are three main categories of congenital heart
disease: conditions causing a right-to-left shunt; conditions caus-
ing a left-to-right shunt; and conditions causing obstruction. In a
right-to-left shunt, deoxygenated blood from the right side of the
heart goes to the left side; thus, deoxygenated blood is delivered
to the body. This type of shunt usually results in cyanosis at the
time of birth. A left-to-right shunt increases the amount of blood
delivered to the right side of the heart and will result in hypertro-
phy and dilation of the right atrium or right ventricle (or both),
depending upon the type of shunt. Eventually, the pressure in the
right side of the heart increases and surpasses that in the left side
of the heart, resulting in a reversal of the shunt from left-to-right
to a right-to-left shunt. This change is called Eisenmenger syn-
drome. With obstruction, an abnormally formed valve or vessel
leads to pressure overload of the involved atrium or ventricle.

Causes of right-to-left shunt
1. Tetralogy of Fallot

Morphology of tetralogy of Fallot
Pulmonary stenosis.

Right ventricular hypertrophy (as a result of the pulmonary
stenosis).

A ventricular septal defect shunts blood to the left side of the
heart.

The aorta overrides the ventricular septal defect.

Important points: Tetralogy of Fallot is the most common cause
of a right-to-left shunt in newborns.

Complications of tetralogy of Fallot: Erythrocytosis, paradoxi-
cal emboli (through ventricular septal defect), endocarditis,
and ventricular arrhythmias.

Clinical presentation of tetralogy of Fallot: Cyanosis and fail-
ure to thrive; patients squat to alleviate symptoms by increasing
venous return. The classic pattern seen on chest radiograph is
the boot-shaped heart. Patients often have paroxysms of
cyanosis (“tet fits”) associated with states of increased cardiac
output that increase right-to-left shunting such as crying, exer-
cise, and hot baths.

2. Tricuspid atresia: The gross morphology of tricuspid atresia
is an atretic tricuspid valve that obstructs the flow of blood
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from the right atrium to the right ventricle. A ventricular
septal defect or atrial septal defect is usually present. Approx-
imately 75% of infants with tricuspid atresia are cyanotic
within the first week of life.

3. Truncus arteriosus: The gross morphology of truncus arte-
riosus is caused by abnormal development of the ventricular
outflow tracts, resulting in the presence of a common arterial
conduit that receives a mixture of blood from the left and
right ventricles. These patients present with symptoms ini-
tially due to left-to-right shunting, and they become cyanotic
within 3 to 4 months because of progressive pulmonary vas-
cular resistance.

4. Totally anomalous pulmonary venous return: The gross
morphology is that the pulmonary veins do not return to the
left atrium as normal, but rather drain abnormally into a left
innominate vein or coronary sinus. Pulmonary venous blood
ultimately reaches the left atrium through an atrial septal
defect or patent foramen ovale.

5. Transposition of the great vessels: The gross morphology is
that the aorta arises from the right ventricle and the pul-
monary trunk arises from the left ventricle, producing two
completely separate circuits. One circuit is the right ventricle
— body — right atrium, and the other is the left ventricle —
lungs — left atrium. Transposition of the great vessels must
be combined with a ventricular septal defect, patent ductus
arteriosus, or patent foramen ovale, which the patient needs
to mix blood for any survival period to be possible after
delivery.

Causes of left-to-right shunt

1. Ventricular septal defect (VSD)

Gross morphology: Defect in the interventricular septum. Most
VSDs are in the membranous septum (90%). Many close spon-

taneously, and particularly those limited to the muscular sep-
tum (Figures 10-1 and 10-2).

Incidence: VSD is present in 30—60% of all patients with a con-
genital heart defect, making it the most common congenital
heart defect and the most common cause of a left-to-right
shunt.

Complications of VSDs
Endocarditis
Left-to-right shunt with increased flow of blood to the right
ventricle, leading to hypertrophy and dilation and eventually
to Eisenmenger syndrome (see above).
Paradoxical embolus: An embolus passes into the right ven-
tricle and then into the left ventricle through the VSD. From
the left ventricle, the embolus travels via the aorta to the sys-
temic arteries.
Clinical presentation of VSD: Wide physiologic splitting of S,
and holosystolic murmur. Spontaneous closure of VSD occurs
in up to 50% of patients.
2. Atrial septal defect (ASD)

Gross morphology: Defect in the interatrial septum.

Figure 10-1. Ventricular septal defect and bicuspid aortic valve.
The ventricular septal defect is in the membranous septum. The
bicuspid aortic valve has one large cusp (above the membranous
ventricular septal defect) with a midline raphe and a smaller cusp.
During dissection, the smaller cusp was divided (arrow). Courtesy
of Dr. Sheila Spotswood, Dallas County Medical Examiner’s Office,
Dallas, TX.

Figure 10-2. Healed ventricular septal defect. This patient had a
membranous ventricular septal defect, which, like most, sponta-
neously closed. In this case, closure was due to the anterior leaflet
of the tricuspid valve adhering to the region of the defect. This view
shows the closed ventricular septal defect from the aortic aspect
(arrow).



Three types of ASDs based upon location
At the fossa ovalis (secundum-type): Most common (Figure
10-3).
Below the fossa ovalis (primum-type): Second most common.
Near the superior vena cava (sinus venosus type): Rare.
Incidence: Second most common cause of left-to-right shunt.
Up to 50% of all patients with congenital heart defects have an
ASD.
Complications of ASDs

Left-to-right shunt with increased flow of blood to the right
atrium. Secondary pulmonary hypertension is less common
than with VSDs because of the low pressure flow of the left-
to-right shunt.

Paradoxical embolus.
Endocarditis.

Clinical presentation of ASDs: Widely split and fixed S,
because of increased venous pressure and delayed closure of
pulmonic valve.

3. Patent ductus arteriosus (PDA)

Gross morphology: Retention of the patency of the duct
between the aorta and pulmonary trunk. The ductus arteriosus,
along with the foramen ovale, shunts blood around the lungs in
the fetus because the lungs are not needed to oxygenate the
blood during fetal development.

Clinical presentation of PDA

In the normal neonate, spontaneous closure of the ductus
arteriosus in response to an increase in PaO, associated with
breathing normally occurs within the first 12 hours of life.

The classic sign of a persistent PDA is a continuous
“machine-like” murmur.

Use of prostaglandin E will keep the shunt open. Use of
indomethacin will close a PDA.

4. Atrioventricular septal defect

Types of atrioventricular septal defects

Partial: Primum atrial septal defect combined with cleft
mitral valve.

Complete: Common atrioventricular canal.

Important point: Associated with Down syndrome.

Causes of obstruction as pathophysiologic mechanism of
congenital heart disease

1. Aortic stenosis
2. Pulmonary stenosis
3. Coarctation of the aorta (Figure 10-4)

Types of aortic coarctation (based upon location in relation-
ship to the ligamentum arteriosum)
Preductal: Present with symptoms early; identified in
infancy.

Postductal: Present with symptoms later; identified in early
adulthood.
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Figure 10-3. Atrial septal defect, secundum-type. This 32-year-old
patient had an undiagnosed secundum-type atrial septal defect
(arrow). The right atrium is also dilated, as would be expected in a
patient with a long-standing unrepaired atrial septal defect (from
increased blood flow to the right side of the heart).

Figure 10-4. Coarctation of the aorta. This 40-year-old man had an
undiagnosed coarctation of the aorta (arrow). For orientation, the
arrowheads indicate ostia of the intercostal arteries, and the large
white X marks the site of the aortic arch. Associated with this
coarctation was a true bicuspid valve (i.e., two cusps of equal size).
The patient also had cardiac hypertrophy caused by pressure over-
load induced by the coarctation of the aorta.
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The presence or absence of a PDA is also important in the
classification of a coarctation of the aorta.

Conditions associated with coarctation of the aorta

About 25% of patients with coarctation of the aorta have a
bicuspid aortic valve.

Intracranial saccular (berry) aneurysms.

Coarctation of the aorta is present in up to one third of
patients with Turner syndrome.

Clinical presentation of coarctation of the aorta

In coarctation of the aorta associated with a PDA, patients
have cyanosis at birth, usually of the lower half of the
body.

In coarctation of the aorta without an associated PDA,
patients present with systemic hypertension with lower
blood pressure in the arms than in the legs. Notching of ribs
is seen on chest radiograph; the notching is caused by dilated
collateral vessels supplying the lower part of the body.

Overview: The term ischemic heart disease refers to inade-
quate perfusion of the myocardium, most commonly due to
atherosclerosis of the coronary arteries. Ischemia causes func-
tional disturbances of the heart, including (1) impaired relax-
ation, which occurs first, causing diastolic dysfunction; (2)
impaired contraction, which occurs second, causing systolic
dysfunction; (3) myocardial stunning, a prolonged (hours to
days) but reversible dysfunction after an acute ischemic event;
and (4) myocardial hibernation, which occurs when oxygena-
tion is adequate to maintain viability of the myocardium but
cannot support normal function. If the ischemia lasts long
enough, death of myocardial cells ensues.

Clinically, decreased blood flow to the myocardium causes
chest pain (angina). The nature of the obstruction to blood
flow determines the disease type and outcome. A fixed obstruc-
tion (70% or greater stenosis) will cause ischemia of the
myocardium when the demand for oxygen is increased (such as
during exercise), but at rest, flow is adequate (therefore there is
no pain when the patient is at rest). Chest pain due to a fixed
obstruction is called stable angina.

Myocardial necrosis does not occur during classic episodes of
stable angina. In a patient with coronary atherosclerosis,
changes in the coronary artery plaque morphology, such as
rupture or hemorrhage, may occur suddenly and may cause
acute myocardial ischemia; if prolonged, such acute ischemic
episodes may cause necrosis (myocardial infarction). Unstable
angina, non-STEMI (non-ST elevation myocardial infarct), and
STEMI are clinical terms that designate, in increasing order of
severity, possible consequences of a change in the plaque mor-
phology, depending upon the length of obstruction. The signs
of myocardial ischemia include ST depression on the electro-
cardiogram (ECG) and an S, on physical examination, with the
S, due to decreased ventricular compliance.



Overview: The four clinical syndromes are stable angina, unsta-
ble angina, variant angina, and myocardial infarct, the first
three of which will be described below. Unstable angina and
myocardial infarcts (both non-STEMI and STEMI) can be fur-
ther subdivided as acute coronary syndromes, which will be
described after this section.

1. Stable angina

Basic description: Chest pain due to fixed obstruction of the
coronary arteries. The chest pain occurs predictably with exer-
cise and ceases with rest.

Mechanism of stable angina: Stable angina is produced by a
fixed plaque causing stenosis of 70% or more of the vessel
lumen (Figures 10-5 and 10-6). At rest, the heart can get a suffi-
cient amount of blood around a site with this degree of stenosis
to supply the heart (there is no ischemia; therefore, there is no
chest pain). With exercise, myocardial oxygen requirements
increase, but the heart cannot pump enough blood past the
blockage to meet the metabolic demands of the myocytes. The
myocytes become ischemic and chest pain occurs. With
increased myocardial oxygen requirements, normal coronary
vessels dilate. Atherosclerotic vessels are unable to dilate appro-
priately in this setting, however. With cessation of exercise,
myocardial needs decrease and ischemia stops. The symptoms
are consistent (i.e., a set amount of exercise triggers the chest
pain in a predictable fashion).

Clinical presentation of stable angina
Description of pain: The chest pain is described as squeezing
or pressure, such as a heavy weight.
Location: Retrosternal; commonly mistaken for “indiges-
tion.”
Radiation of pain: To the neck, epigastrium, jaw, and ulnar
aspect of the left arm.

Duration of pain: Less than 2 to 10 minutes.

Context: Triggered by stress, either physical or emotional.
Generally alleviated by rest or nitroglycerin.

Other symptoms occurring along with chest pain: Nausea
and vomiting, diaphoresis, shortness of breath, and fatigue.
In older patients and diabetics, shortness of breath may be
the only symptom of angina.
2. Unstable angina
Basic description: Chest pain that falls into one of several pat-
terns; namely, chest pain that is more severe, prolonged, or fre-
quent in a patient with previous stable angina (“crescendo”
angina); chest pain occurring at rest or with minimal exertion;
or chest pain of new onset associated with minimal exertion.

General mechanism of unstable angina: Unstable angina is
produced by a change in the plaque. Usually the change is acute

Cardiac Pathology

Figure 10-5. Atherosclerosis seen in a cross-section of the proximal
left anterior descending coronary removed from the heart. This
patient has mild to moderate atherosclerosis of the coronary arter-
ies. The vessel at the arrowhead is about 50-60% stenotic. This
patient would not be expected to have chest pain associated with
this lesion. The vessel at the tip of the arrow is about 75-85%
stenotic. This patient would be expected to have stable angina
associated with this lesion.

Figure 10-6. Atherosclerosis of the coronary artery. The sections at
the arrows have mild to moderate atherosclerosis, with approxi-
mately 55-70% stenosis of the lumen. These changes would not
likely cause chest pain. The vessel at the arrowhead has severe
stenosis due to atherosclerosis (90-95%), with only a slit-like ves-
sel lumen remaining. This patient would be expected to have, at
the least, stable angina.
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(Figure 10-7), although a stable plaque causing 90% or greater
stenosis could cause angina when at rest. In unstable angina,
acute changes in plaque morphology abruptly deprive the
myocytes of sufficient oxygen and ischemia occurs. Unstable
angina has also been called preinfarction angina, because this
form of chest pain is often a prelude to a myocardial infarct.
Ischemia leads to infarction if the precipitating event is not cor-
rected.

Specific mechanisms of plaque change: Atherosclerotic
plaques with a fairly thin fibrous cap are more likely to develop
acute changes than those with a thick fibrous cap. Acute plaque
change can be due to hemorrhage into the plaque, rupture of
the plaque, or erosion or ulceration of the plaque.

Hemorrhage into the plaque: Plaques have blood vessels.
Hemorrhage can lead to an increase in the size of the plaque,
with resultant increased stenosis of the vessel, or the hemor-
rhage can lead to rupture of the fibrous cap and intraluminal
thrombus formation.

Rupture of the plaque with resultant intraluminal mural
thrombus.

Erosion or ulcer: The fibrous cap can erode or ulcerate. This
change results in hemorrhage and sometimes exposure of
the atheromatous core, which can result in intraluminal
thrombus formation.

Cellular basis of plaque disruption: Cells die, releasing lipid.
Activated macrophages and mast cells release metalloproteinase
enzymes, which break down matrix proteins. T lymphocytes in
the plaque produce cytokines, which block production of colla-
gen. Other factors, such as mechanical and hemodynamic
stresses, may also contribute to plaque disruption.

Clinical presentation of unstable angina: Characteristic symp-
toms of unstable angina are the same as stable angina, but dura-
tion may be longer and chest pain occurs with rest or increasing
frequency. (Refer to the basic description and mechanism of
unstable angina.) All new onset cases of angina are considered to
be unstable angina until proven otherwise.

3. Variant angina

Basic description: Angina occurring unpredictably with rest.

There are two forms: Prinzmetal angina and pure vasospastic

angina.
Prinzmetal angina: Dynamic (vasospastic) angina that
occurs at the site of an existing atherosclerotic plaque. It
often occurs at rest, and may be triggered by use of 3 block-
ers or hyperventilation. Unlike classic angina, which is asso-
ciated with ST depression, Prinzmetal angina is character-
ized by a profound ST elevation, although progression to
myocardial infarction is rare. Prinzmetal angina usually
responds to nitrates or calcium channel blockers.

Pure vasospastic angina: Associated with normal coronary
arteries (i.e., no atherosclerosis).

Mechanism of variant angina: Coronary artery vasospasm.
Complications of variant angina: Can cause ischemia and,

therefore, precipitate ventricular arrhythmias and sudden car-
diac death. Uncommonly, myocardial infarcts may occur.

Figure 10-7. Intraplaque hemorrhage with resultant rupture of
plague and thrombus formation. This patient had a hemorrhage
within an atherosclerotic plaque (/long arrow) that has caused rup-
ture of the thin fibrous cap (short arrow) and thrombus formation
(arrowhead). This patient would be expected to have unstable
angina (because of the recent change in the plaque), which may
progress to frank myocardial infarction, depending upon the
degree and duration of occlusion. Hematoxylin and eosin, 40X.



Types: Unstable angina, NSTEMI, and STEMI.

Mechanism: Rupture of unstable atherosclerotic plaque (or
similar sudden change) associated with vasospasm and throm-
bus formation.

Differentiation of acute coronary syndromes

If blood flow is restored within 20 minutes, no necrosis
occurs: this is unstahle angina.

If the blood flow is not restored within 20-40 minutes,
necrosis can occur: this is an acute myocardial infarct.

Basic description: Death of a segment of myocardium due to
prolonged ischemia, usually due to obstruction of a coronary
artery.

Two types of myocardial infarcts

STEMI (previously called transmural or @ wave infarct): The
full thickness of the wall of the ventricle is affected. The
mechanism of an STEMI infarct is complete occlusion of the
coronary artery (100% stenosis with no blood flow) for more
than 2—4 hours, which is the length of time required for all
the myocytes throughout the entire thickness of the wall to
die (Figure 10-8).

NSTEMI (previously called subendocardial or non-@ wave
infarct): The full thickness of the wall is not affected; only the
subendocardial myocytes are affected (Figure 10-9). The
mechanism of NSTEMIs is deprivation of the wall of the
ventricle of oxygen for enough time to cause necrosis, but
not enough time to cause full thickness necrosis. Since the
last myocytes to receive blood are those nearest the endo-
cardium and because blood comes into the wall from the
epicardial surface, subendocardial myocytes are the most
prone to injury from decreased blood flow. NSTEMIs of this
region (i.e., subendocardial in location) almost always result
from one of three conditions.

1. Complete occlusion of the vessel by a thrombus, which lyses
prior to full development of a transmural infarct (i.e., the
thrombus breaks up before 2 hours).

2. A sudden change in the plaque occurs, which significantly
narrows the lumen but does not completely occlude it. For
example, if stenosis rapidly goes from 50% to 90%.

3. Generalized poor perfusion of the heart because of shock.

Clinical diagnosis of unstable angina and NSTEMI infarct

ECG changes: Both cause ST depression; Q waves do not
develop.

Cardiac enzyme testing: Unstable angina does not cause an
elevation in cardiac enzymes (see clinical diagnosis of
STEMI infarct). NSTEMI infarcts do cause an elevation in
cardiac enzymes.

Clinical presentation: Symptoms include retrosternal, sub-
sternal, or epigastric chest discomfort, which can radiate to
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Figure 10-8. Minimal coronary artery atherosclerosis with acute
thrombus. This patient had mild coronary artery atherosclerosis.
The thin rim of yellow is the plaque, which causes no more than
10% stenosis of the lumen of the vessel. Yet, despite its small size,
the plaque ruptured and an occlusive thrombus formed (arrow).
The patient most likely will develop an ST elevation myocardial
infarct (STEMI), with full thickness involvement of the myocardium
in the area supplied by the vessel.

Figure 10-9. Non-ST elevation myocardial infarct (NSTEMI) with
reperfusion. This patient had a subendocardial infarct in the
anteroseptal wall of the left ventricle (arrow). The hemorrhage is
from reperfusion.
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the arm. This chest discomfort is often associated with dysp-
nea, nausea, and/or diaphoresis.

Important points

Unstable angina and NSTEMI can present with similar clini-
cal and ECG findings. Enzyme testing will distinguish the
two (see clinical diagnosis of STEMI infarct).

About 15% of patients with unstable angina will progress to
myocardial infarction.

Basic description: Death of cardiac myocytes releases enzymes
into the blood (e.g., CK-MB and troponin I), which can then be
detected.

Monitoring CK-MB and troponin I

1. CK-MB: Isoform of creatine kinase (other isoforms include
—MM and —BB). In the heart, most of the CK is CK-MB;
therefore, if the ratio of CK-MB to total CK is high, it is consis-
tent with damage to the heart. The level of CK-MB rises
quickly after a myocardial infarct (within 4-8 hours), peak-
ing at 24 hours, and falls to a normal level within 3 days.

2. Troponin I: Very specific for damage to the heart. Troponin I
rises within 3—4 hours after a myocardial infarct and remains
elevated for 10-14 days.

ECG findings of STEMI infarct
Myocardial infarction: Focal ST elevation.

Q-waves: Infarcted myocardium cannot conduct electrical
forces; therefore, the electrical forces are directed away from
the electrode and a Q wave results.

Morphology of a myocardial infarct based upon age
(Table 10-1)

Microscopic morphology: At 4 to 12 hours, coagulative necro-
sis begins; at 12 hours to 3 days, infiltration of neutrophils
begins and grows more prominent; at 3 to 7 days, macrophages
and neutrophils are present; at 7 to 10 days, granulation tissue
develops; at 10 days or more, the start of collagen deposition;
and at 8 weeks or more, dense fibrous scar is present.

Morphology of Myocardial Infarct

4-12 hours Coagulative necrosis

Not visible

12 hours to 3 days Coagulative necrosis and increasing

neutrophilic infiltrate

Pale at 12 hours; progressing to yellow
discoloration at 3 days

3-7 days Increasing numbers of macrophages and
decreasing neutrophilic infiltrate

Yellow and contracted (i.e., shrunken)

7-10 days Granulation tissue

Variable; gray discoloration

10+ days Beginning deposition of collagen

Variable; gray discoloration

8 weeks Dense fibrous scar

Dense white scar



Gross morphology: Prior to 12 hours of age, unable to see
myocardial infarct; at 1 to 3 days, neutrophil infiltrate causes
yellow discoloration; at 3 to 7 days, macrophages engulfing
dead cells cause shrinkage of tissue; and by 8 weeks, only a
dense scar is present (Figures 10-10, 10-11, and 10-12).

Basic description: Term applied when blood flow is reestab-
lished to a previously ischemic region.

Complications of reperfusion

Calcium influx into the cells causes hypercontraction of the
myofibrils.

Generation of reactive oxygen species, which can further
damage the cells.

Leakage of blood from vessels previously damaged by
ischemia (see Figure 10-9).

Microscopic morphology of reperfusion: Hemorrhage and
contraction band necrosis.

Overview: There are many possible complications of a myocar-
dial infarct. Many of these complications can be divided into
the three categories of mechanical, structural, and electrical
(Table 10-2).

1. Mechanical complications of myocardial infarct
Left ventricular failure.
Right ventricular failure.
Cardiogenic shock: Most common cause of death inside the
hospital. Cardiogenic shock requires death of more than
40% of the myocardium for it to develop (Figure 10-13).

2. Structural complications of myocardial infarct

Rupture: Ruptures usually occur 3—7 days after a myocardial
infarct, when the cells are dead and macrophages have
removed debris. The three areas that can rupture with differ-
ent subsequent complications are the free wall, the interven-
tricular septum, and the papillary muscles.
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Figure 10-10. Recent myocardial infarct of interventricular septum.
The yellow discoloration in the interventricular septum and inferior
wall of the left ventricle (arrows) is a myocardial infarct of approxi-
mately 2-4 days of age.

Figure 10-11. Recent myocardial infarct. This microscopic section
of the infarct pictured in Figure 10-10 exhibits coagulative necrosis
and a prominent neutrophilic infiltrate, consistent with 2-4 days of
age. Occasional necrotic myocytes contain contraction bands
(arrows). The punctate brown pigment is lipofuscin. Hematoxylin
and eosin, 200X.
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o Complications of rupture: Free wall rupture leads to a
hemopericardium, which causes cardiac tamponade
(Figures 10-14 A and B); interventricular septum rupture
leads to a left-to-right shunt; papillary muscle rupture (or
simply death of the papillary muscle) leads to acute mitral
insufficiency (see Figure 10-13).

o Risks for rupture: Women, younger than 60 years of age,
preexisting hypertension, and no prior infarcts (fibrosis of
the myocardium caused by a prior infarct protects against
rupture).

Aneurysm: A grossly visible aneurysm is a late term pathologic
condition, which requires formation of a scar and subsequent
bulging outward of the scar (Figure 10-15). Aneurysms can be
seen immediately clinically because the necrotic tissue will
bulge outward with contraction of the heart.

Pseudoaneurysm: Rupture of the free wall, which is sealed
by the pericardium. The hematoma outside of the wall of the
heart imitates an aneurysm.

3. Electrical complications of myocardial infarcts

Arrhythmia (bradyarrhythmias, ventricular ectopy, tach-
yarrhythmias, sudden cardiac death): Arrhythmias are the
most common cause of death outside the hospital. Most
deaths are due to sustained ventricular tachycardia or ven-
tricular fibrillation.

Conduction abnormalities: Heart block, bundle branch
blocks.

Other complications of myocardial infarcts: Some complica-
tions of a myocardial infarct do not fit easily within the
mechanical, structural, or electrical categories (see Table 10-2).

Pericarditis (two patterns)

1. Pericarditis occurring within days of the infarct: Caused
by the acute inflammation associated with a transmural
infarct.

2. Pericarditis occurring within 1 to 2 months after the
infarct (referred to as Dressler syndrome): Attributed to
probable autoimmune reaction; patients also have
systemic symptoms (e.g., fever, malaise).

Mural thrombi: Adjacent inflammation of the wall and
abnormal contraction of the wall can cause stasis of the
blood and result in thrombi, which line the wall of the ven-
tricle. Mural thombi can embolize (see Figures 10-13 and
10-14B).

Figure 10-12. Remote myocardial infarct. The inferior wall of the
left ventricle has a subendocardial scar (white fibrous area), with
focal fatty degeneration (adjacent yellow area). A white fibrous scar
indicates that the myocardial infarct is 2 or more months of age.

Complications of Myocardial Infarct

Mechanical Left and right ventricular failure
Cardiogenic shock
Structural Aneurysms
Rupture
Electrical Arrhythmias
Conduction abnormalities
Other Pericarditis

Mural thrombi

Right ventricular infarct
Infarct extension
Infarct expansion

Figure 10-13. Mural thrombi and acute mitral insufficiency follow-
ing a myocardial infarct. This patient sustained a transmural
myocardial infarct involving more than 40% of the myocardium of
the left ventricle (the area of the infarct is the yellow tissue). The
left ventricle is dilated, consistent with cardiogenic shock. The
patient also had mural thrombi (arrows), as well as mitral insuffi-
ciency due to a necrotic papillary muscle (arrowhead).



Right ventricular infarct: Infarcts solely of the right ventricle
are rare, but inferoseptal infarcts of the left ventricle fre-
quently (20% of cases) extend to involve the right ventricle.

Infarct extension: Increase in size of the infarct beyond its
original borders; due to retrograde propagation of throm-
bus, vasospasm, or impaired contractility.

Infarct expansion: Outward bulging of the infarcted seg-
ment; due to stretching, thinning, and dilation of infarcted
segment (see Figure 10-14 B).

Overview: Sudden cardiac death is due to cardiac pathology.
The time frame required to call a death “sudden cardiac death”
is < 24 hours if the patient is untreated, and < 1 hour if patient
is treated). Most cases are due to an arrhythmia, usually ventric-
ular tachycardia or fibrillation.

Mechanism of sudden cardiac death: Most cases of sudden
cardiac death are associated with either atherosclerotic coro-
nary artery disease or structural heart disease such as dilated or
hypertrophic cardiomyopathy. The strongest predictor of sud-
den cardiac death is left ventricular dysfunction of any cause.
Ischemia due to obstruction of a vessel makes myocytes irrita-
ble and irritable myocytes are prone to arrhythmias, some of
which can be lethal. Patients with congenital arrhythmias such
as long QT syndrome are also at increased risk for sudden car-
diac death.

Overview: Chronic ischemic heart disease is a condition result-
ing from ischemic injuries occurring over time (i.e., in multiple
episodes). Patients may have a few or many myocardial infarcts,
or they may have diffuse severe atherosclerosis with chronic
ischemia, which damages the heart over time, leading to struc-
tural changes such as hypertrophy and dilation (Figure 10-16).

Complications: Congestive heart failure.

Basic description: Cardiac disease occurring because of long-
standing hypertension.

Gross morphology of hypertensive cardiovascular disease

Cardiac hypertrophy: Increase in the weight of the heart and
thickness of the wall of the left ventricle (concentric hyper-
trophy).

The disease is often accompanied by significant coronary
artery atherosclerosis.

Complications of hypertensive cardiovascular disease: CHE,
lethal cardiac arrhythmias, and atrial fibrillation secondary to
left atrial dilation. The hypertrophic myocardium is more sus-
ceptible to ischemic injury.
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Figure 10-14. Ruptured myocardial infarct. A, A full-thickness tear
in the anterior wall of the left ventricle, which resulted in a hemo-
pericardium. B, A cross-section of the left ventricle at the level of
the tear (arrowhead). The lumen of the left ventricle is expanded
anteriorly in the area of the infarct and the infarcted myocardium is
thinned (shorter white line) compared to a non-necrotic segment of
the ventricle (longer white line); these changes represent infarct
expansion. The arrow indicates mural thrombi.
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Basic description: The heart can no longer pump out enough
blood to supply the body’s needs.

Types and terminology of CHF: Most cases of CHF are systolic,
low output, and either left sided or biventricular.

Systolic dysfunction: The heart cannot generate enough
force to pump enough blood.

Diastolic dysfunction: The heart cannot dilate adequately to
fill with enough blood to pump out.

Left-sided heart failure: CHF due to a condition involving
or affecting the left side of the heart.

Right-sided heart failure: CHF due to a condition involving
or affecting the right side of the heart.

© Most common cause of right-sided heart failure: Left-
sided heart failure.

o Other causes of right-sided heart failure: Pulmonary dis-
ease (e.g., obstructive and restrictive lung diseases; pul-
monary hypertension).

High-output failure: Not due to a problem intrinsic to the
heart. The heart can pump an adequate amount of blood
under normal circumstances, but some process extrinsic to
the heart places additional demands upon the heart. Causes
include anemia, hyperthyroidism, arteriovenous malforma-
tion, and thiamine deficiency (wet beriberi).

Low-output failure: The heart simply cannot pump a suffi-
cient amount of blood.

Acute or chronic failure: Depends on rapidity of the devel-
opment of symptoms.

Morphology of CHF: The mechanism of the morphologic
changes and signs and symptoms is primarily increased hydro-
static pressure; however, other mechanisms also play a role,
including activation of the renin-angiotensin-aldosterone sys-
tem and other intrarenal mechanisms for sodium retention.
Therefore, although the following morphologic changes and
the signs and symptoms are listed under one type of CHF (right
or left sided), the changes are not 100% specific (i.e., pitting
edema can occur with left-sided heart failure).

Morphology of left-sided heart failure: Recurrent bouts of
pulmonary edema and increased pulmonary venous pres-
sure lead to hemorrhage and hemosiderin-laden
macrophages (i.e., “heart failure cells”) in the lung.

Morphology of right-sided heart failure

© Hepatosplenomegaly: Increased venous pressure due to
increased resistance to portal flow results in passive con-
gestion of blood in the liver and spleen.

© Ascites and peripheral pitting edema.

Symptoms of CHF: Dyspnea on exertion due to lack of increased
cardiac output with exercise in patients with heart failure;
orthopnea, as the result of pooling of blood in the lungs in the
supine position due to increased venous pressure; and paroxys-
mal nocturnal dyspnea. Patients also have cough (because of
interstitial pulmonary edema), fatigue, and nocturia (because

Figure 10-15. Ventricular aneurysm caused by a transmural
myocardial infarct. This patient had a myocardial infarct involving
the full thickness of the wall of the left ventricle, which healed,
becoming a thin, but dense fibrous scar. With contraction of the
heart, this noncontractile, scarred area expanded, producing an
aneurysmal sac. The endocardium is thicker than normal.

Figure 10-16. Chronic ischemic heart disease. This heart contains
multiple remote myocardial infarcts (all the dense white scars,
most prominent in the interventricular septum). Although each
infarct may have been undiagnosed clinically due to its small size,
the cumulative loss of myocytes in such cases can eventually
cause congestive heart failure.



the kidney attempts to reduce the volume of fluid that is mobi-
lized when the patient is recumbent).

Signs of CHF occurring as result of compensatory
mechanisms

Increased heart rate due to increased sympathetic tone.

Narrowed pulse pressure due to peripheral vasoconstriction.

Signs of CHF most commonly associated with right-sided
heart failure

Pitting peripheral edema.

Increased right atrial pressure (i.e., distention of right inter-
nal jugular vein > 4 cm above the sternal angle).

Kussmaul sign: Increase in venous pressure and jugular venous
distention with inspiration. Normally, inspiration causes nega-
tive intrathoracic pressure, which causes blood to drain into the
thorax, thereby reducing venous pressure. In right-sided heart
failure, inspiration presents a venous load that a failing right
ventricle cannot handle, resulting in an increase in jugular
venous pressure and jugular venous distention.

Hepatojugular reflux: Seen in right-sided heart failure, pres-
sure applied over the congested liver returns blood to the
heart and increases the right atrial pressure, resulting in
increased jugular venous pressure and distention.

Signs of CHF most commonly associated with left-sided
heart failure

Crackles in the lung are indicative of pulmonary edema.

S; is consistent with systolic dysfunction.

Laboratory findings of CHF: B-natriuretic peptide (BNP) is
elevated in patients with symptomatic left ventricular
dysfunction.

Overview: Conditions specifically related to the aortic and
mitral valve will be discussed later; endocarditis (inflammation
of the cardiac valves) and rheumatic fever will be discussed in
this section.

Basic description: Infection (usually bacterial) involving the
valve cusps or the adjacent endocardium, or both (Figure 10-17).

Risks for bacteremia: Dental and gastrointestinal procedures.
In patients with known valve abnormalities, prosthetic valves,
or congenital heart defects, these procedures require antibiotic
prophylaxis to reduce the risk of endocarditis (Figures 10-18
and 10-19). Rheumatic valvular disease, while less common
today, is still a predisposing factor in as many as 20% of patients
with infective endocarditis.
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Figure 10-17. Endocarditis of the mitral valve. The leaflets of the
mitral valve have several soft, tan-red vegetations (arrows).

Figure 10-18. Endocarditis of a bicuspid aortic valve. This patient
had a congenital bicuspid aortic valve, and subsequently devel-
oped endocarditis (endocarditis commonly involves abnormal
valves). The infectious agent perforated one cusp (arrow), which
can result in acute valvular regurgitation.
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Types of endocarditis

Infective endocarditis: Traditionally, the terminology of

endocarditis was based upon the virulence of the causative

organism and was divided into acute and subacute types.

With effective antimicrobial therapy, the types are less well-

defined and the general term infective endocarditis is pre-

ferred.

Nonbacterial thrombotic endocarditis (marantic endocarditis)

o Microscopic morphology of nonbacterial thrombotic
endocarditis: Bland; vegetations contain fibrin but no
neutrophils or bacteria.

o Causes of nonbacterial thrombotic endocarditis: Non-
bacterial thrombotic endocarditis forms in the back-
ground of sepsis and cancer (especially mucinous adeno-
carcinoma of the pancreas and gastrointestinal tract).

Complications of infective endocarditis

Sepsis: Bacterial endocarditis sheds bacteria into the blood,
which results in sepsis.

Septic emboli with resultant distant abscesses and “mycotic”
arterial aneurysms.

Valvular regurgitation: Acute regurgitation as a result of per-
foration of the leaflet(s) or rupture of the chordae tendineae;
or chronic regurgitation due to fibrosis occurring as result of
repair of infective endocarditis (see Figure 10-18).

Ring abscess: Inflammation of the valve ring.

Other complications of infective endocarditis: Glomeru-
lonephritis, pericarditis, and local myocarditis.

Gross morphology of infective endocarditis: Vegetations on the
cusp or leaflet (i.e., friable excrescences associated with variable
degrees of valve destruction).

Microscopic morphology of infective endocarditis: Vegeta-
tions are composed mostly of fibrin and bacterial organisms
with few neutrophils (Figure 10-20).

Clinical presentation of infective endocarditis

Symptoms: Fever, chills, night sweats, arthralgias, weakness,
and shortness of breath are the most common symptoms.

Signs: New cardiac murmur; other findings include Osler
nodes (i.e., raised tender lesions on the fingers); Roth spots
(i.e., pale lesions in the retina surrounded by hemorrhage);
Janeway lesions (i.e., erythematous nontender lesion on
palm or sole); and splinter hemorrhages in nail beds.

Diagnosis of infective endocarditis: Persistently positive
blood cultures in combination with fever and appropriate
clinical history and physical examination. Transesophageal
echocardiography identifies vegetations in 75-95% of
patients with infective endocarditis.

Figure 10-19. Endocarditis of a bicuspid aortic valve. This aortic
valve is an uncommon true bicuspid valve, in which the cusps are
of equal size and neither has a midline raphe. To the right of the
ruler, at the junction of the noncoronary cusp and anterior leaflet of
the mitral valve, is a vegetation. Patients with abnormal cardiac
valves (e.g., a bicuspid aortic valve) are at greater risk for the devel-
opment of endocarditis. Courtesy of Dr. Janis Townsend-Parch-
man, Dallas County Medical Examiner’s Office, Dallas, TX.

Figure 10-20. Endocarditis. This photomicrograph shows the com-
ponents of a vegetation. The punctate blue material is bacterial
organisms. The acellular pink material is fibrin. Only occasional
neutrophils are present due to the absence of local blood vessels.
This composition gives the vegetations little support, allowing small
fragments to easily break free in the blood stream and embolize to
distant sites. Hematoxylin and eosin, 40X.



Important points regarding infective endocarditis

Valve cusps and leaflets are avascular; therefore, endocarditis
is hard to treat because it is difficult to get high concentra-
tions of antibiotics to the site of the infection.

The former term, subacute bacterial endocarditis, described
a condition that classically involved the left-sided heart
valves and was most often associated with viridans strepto-
coccus.

Right-sided endocarditis is classically associated with intra-
venous drug use. It is commonly associated with Staphylococ-
cus aureus and presents acutely.

Staphylococcus epidermidis is often associated with endo-
carditis after cardiac surgery.

Endocarditis due to Streptococcus bovis is often due to an
underlying colon cancer.

Overview: Group A P-hemolytic streptococcal pharyngitis
causes production of antibodies that cross react with cardiac
antigens. These antibodies produce a disease known as acute
rheumatic fever. Acute rheumatic fever occurs most commonly
in children aged 4 to 9 years.

Signs and symptoms: Patients have two of five major criteria, or
one major criterion and two minor criteria (Table 10-3).

Major (Jones) criteria of acute rheumatic fever: Pancarditis
(either pericarditis, myocarditis, or endocarditis), subcuta-
neous nodules, Sydenham chorea, migratory polyarthritis,
and erythema chronicum migrans.

Minor criteria of acute rheumatic fever: Fever, arthralgia,
and history of previous rheumatic fever or known rheumatic
heart disease.

Diagnosis of acute rheumatic fever: The diagnosis is clinical,
and laboratory tests are largely confirmatory. Antistreptolysin
O is elevated in 80% of patients; however, anti-DNAse B is
more specific.

Microscopic morphology: Aschoff nodules, which are nodules
of mononuclear cells with central fibrinoid necrosis that have
Anitschkow cells (modified macrophages with nuclei that have
central caterpillar-shaped chromatin).

Chronic rheumatic valvulitis (i.e., disease presenting many
years after an episode of acute rheumatic fever).

Mitral stenosis: Caused by fusion, thickening, and shorten-
ing of the chordae tendineae and valve leaflets. The mitral
valve is the most common valve affected in rheumatic
valvulitis; conversely, rheumatic fever is the most common
cause of isolated mitral stenosis (Figures 10-21 and 10-22).
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Criteria for Diagnosis of Acute Rheumatic Fever

Major Pancarditis (pericarditis, myocarditis
or endocarditis)
Subcutaneous nodules
Sydenham chorea
Migratory polyarthritis
Erythema chronicum migrans

Minor Fever
Arthralgia
History of previous rheumatic fever or
chronic rheumatic heart disease

Figures 10-21. Chronic rheumatic valvulitis of the mitral valve. This
mitral valve exhibits the characteristic features of chronic rheumatic
mitral valvulitis—short, thick, and fused chordae tendineae (arrows).
The leaflets are also thick. These changes can lead to mitral stenosis.

Figure 10-22. Chronic rheumatic valvulitis of the mitral valve. This
figure shows mitral stenosis (arrowhead), which resulted in left
atrial dilation. Atrial dilation can lead to atrial fibrillation, which can
in turn predispose to thrombus formation (arrow). The thrombi can
break loose and embolize to distant sites.
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Aortic stenosis and regurgitation: Caused by fusion of the
aortic valve commissures (Figure 10-23).

General overview of stenotic and regurgitant valvular dis-
ease: Diseases of the valves cause either stenosis (i.e., block-
age of blood flow through the valve) or regurgitation (i.e.,
leakage of blood back through the valve). Often the changes in
the valve can cause both stenosis and regurgitation, since a
misshapen valve that does not open all the way is not likely to
close completely. In cases of “combined” stenosis and regurgi-
tation, however, one hemodynamic abnormality typically pre-
dominates. In most cases, stenosis develops chronically, while
regurgitation can develop acutely or chronically, depending
upon the underlying cause. Chronic conditions affecting the
valves allow for compensatory changes, whereas acute condi-
tions do not. Recognizing the clinical presentation of valvular
disease requires a basic understanding of heart murmurs.
Right-sided murmurs tend to increase in intensity with inspi-
ration because of increased venous return. Murmurs are clas-
sified as systolic, diastolic, or continuous (occurring during
both systole and diastole), and either ejection-type or regurgi-
tant-type.

Basic description: Obstruction of blood flow through the aor-
tic valve.

Causes of aortic stenosis
1. Tricuspid aortic valve degenerative calcification

« Gross morphology: Nodules of calcium on the sinus side of
the cusps with little involvement of the commissures
(Figure 10-24).

- Consequences: Requires valve replacement in patients 70
to 80 years of age.

2. Congenital bicuspid aortic valve degenerative calcification

+ Gross morphology: Nodules of calcium on the sinus side of
the cusps. In most cases, bicuspid valves have one smaller
cusp and one large cusp. The larger cusp has a midline
raphe, representing incomplete separation of two cusps
(Figure 10-25).

« Consequences: Requires valve replacement in patients 50
to 60 years of age.

- Associations: Aortic dissection, coarctation of aorta.

3. Chronic rheumatic valvulitis: (see chronic rheumatic
valvulitis above).

Figure 10-23. Chronic rheumatic valvulitis of the aortic valve. The
valve ring has been opened, and the aortic aspect of the valve is
illustrated in the photograph. This aortic valve has the characteris-
tic features of chronic rheumatic aortic valvulitis; namely, fusion of
the commissures (long arrows) and thickening of the valve leaflets.
The patient also has dystrophic calcification related to healed
endocarditis (short arrow) and evidence of aortic regurgitation in
the form of endocardial fibrosis from a jet lesion (arrowhead).

Figure 10-24. Degenerative tricuspid valve aortic stenosis. This eld-
erly man had prominent nodules of calcium on the cusps of the
aortic valve (arrowheads) as a result of dystrophic calcification. The
nodules of calcium lead to impingement on the orifice and subse-
quent aortic stenosis. Note that the commissures are not fused
(arrow), as would be expected if the aortic stenosis was due to
chronic rheumatic valvulitis.



Complications of aortic stenosis

Concentric cardiac hypertrophy: Thickening of the left ven-
tricle wall due to increased pressure required to pass blood
through the valve orifice.

Syncope: Transient loss of consciousness because of poor
cerebral perfusion.

Chest pain: Occurs because of poor filling of the coronary arter-
ies and increased oxygen demands of the hypertrophic ventricle.

Sudden death: Occurs because of ischemic changes or
because of a lethal ventricular arrhythmia due to cardiac
hypertrophy.

Clinical presentation of aortic stenosis

Symptoms: The cardinal symptoms of aortic stenosis are
angina, syncope, and CHE. Dyspnea may be due to a noncom-
pliant hypertrophied left ventricle or due to systolic dysfunc-
tion late in the course of the disease. In the absence of preexist-
ing valve damage or a congenital bicuspid aortic valve, aortic
stenosis usually occurs in patients older than 65 years of age.
Survival time from onset of symptoms

5 years from angina.

3 years from syncope.

2 years from CHE

Signs of aortic stenosis

Attenuated carotid pulse with a delayed upstroke (pulsus
parvus et tardus).

Paradoxically split S,, in which the pulmonic valve closes
before the aortic valve.

High-pitched systolic ejection-type systolic murmur
(crescendo-decrescendo).

Basic description: Leakage of blood back through closed valve.

Causes of chronic aortic regurgitation

Dilation of aortic valve ring as occurs in Marfan syndrome, a
syphilitic aneurysm, or an aortic dissection.

Healed endocarditis.

Bicuspid aortic valve.

Causes of acute aortic regurgitation

Infective endocarditis with perforation of valve leaflet (see
Figure 10-18).

Trauma.

Aortic dissection.
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Figure 10-25. Bicuspid aortic valve. This patient had the more
common type of bicuspid aortic valve—a valve with two cusps of
unequal size. The larger cusp has a midline raphe (arrow), which
represents failed separation of the cusps at a commissure.
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Complications of aortic regurgitation
Eccentric cardiac hypertrophy.

Functional mitral regurgitation because of eccentric left ven-
tricular hypertrophy.

Acute aortic regurgitation can result in cardiogenic shock.

Symptoms of aortic regurgitation
Dyspnea, orthopnea, and paroxysmal nocturnal dyspnea.
Fatigue and weakness (because of decreased cardiac output).
Angina (because of decreased coronary perfusion pressures).

Acute aortic regurgitation presents with symptoms of car-
diogenic shock.

Signs of aortic regurgitation

Blood pressure in the leg is more than 20 mm Hg higher than
pressure in the arm (Hill sign).

Bounding pulse (Corrigan or water-hammer pulse) due to
increased pulse pressure (difference between systolic and
diastolic).

Bisferious pulse (with two systolic peaks).

Decrescendo, high-pitched, early diastolic murmur heard
best at the left sternal border with the patient sitting up and
leaning forward.

Cause: In adults, mitral stenosis is almost always due to chronic
rheumatic valvulitis (see Figures 10-21 and 10-22).

Complications of mitral stenosis: Left atrial dilation, leading to
atrial fibrillation or mural thrombi, or both. Patients can also
develop chronic passive congestion of the lung, which can lead
to hemoptysis.

Clinical presentation of mitral stenosis: Mitral stenosis is
characterized by a low-pitched diastolic rumbling heard best at
the apex with the patient in the left lateral decubitus position.
Mitral stenosis often produces an early opening snap. Shortness
of breath and orthopnea are the most common symptoms.
Occasionally, hemoptysis can occur due to rupture of dilated
bronchial veins.

Causes of mitral regurgitation: Three of the main causes of
mitral regurgitation are a myxomatous mitral valve, mitral
annular calcification, and endocarditis. Details regarding myxo-
matous mitral value and mitral annular calcification will be dis-
cussed below.

1. Myxomatous mitral valve

Epidemiology: Approximately 1-3% of the general population;
most common in young females; can be autosomal dominant
with variable penetrance.



Gross morphology of myxomatous mitral valve: Hooding of
leaflets, long chordae tendineae; possible rupture of chordae
tendineae (Figure 10-26).

Complications: Regurgitation (the name for the resulting clini-
cal presentation is mitral valve prolapse); endocarditis; and
rarely, sudden death secondary to an arrhythmia.

Clinical presentation of myxomatous mitral valve
Symptoms: Asymptomatic in many patients.
Signs: Mid-systolic click with late systolic murmur.

2. Mitral annular calcification

Basic description: Calcification of the mitral valve annulus.

Epidemiology: Common in the elderly.

Gross morphology: Variably thick and variably continuous ring
of calcification in mitral valve annulus.

Complications of mitral annular calcification: Asymptomatic
in many patients but it can cause regurgitation and, rarely, sud-
den cardiac death, because of encroachment of calcification on
atrioventricular node.

Complications of mitral regurgitation: Dilation of the left
atrium and left ventricle in response to increased volume. Acute
mitral regurgitation is life threatening. The left atrium cannot
dilate rapidly enough to accommodate the increased volume,
thereby raising the pulmonary venous pressure and causing
pulmonary edema.

Clinical presentation of mitral regurgitation

Symptoms: Fatigue and dyspnea as a result of reduced car-
diac output and elevation in pulmonary venous pressures.

Signs: Holosystolic murmur, which is best auscultated at the
apex.

Overview: Cardiomyopathies are due to a primary abnormality
of the myocardium. In some “traditional” classification
schemes, cardiomyopathies were regarded as “idiopathic” disor-
ders (i.e., no identifiable underlying cause), although the med-
ical literature has since perpetuated certain cardiomyopathies
as being associated with certain etiologies (e.g., dilated car-
diomyopathy and alcohol abuse). More recently, it has become
apparent that a number of cardiomyopathies traditionally clas-
sified as idiopathic are in fact due to a specific intrinsic myocar-
dial abnormality (e.g., mutations in the B-myosin heavy chain
gene or genes encoding various muscular dystrophy—associated
proteins), certain toxic insults, and a number of infectious dis-
orders. Myocardial abnormalities occurring as a consequence of
ischemic injury or valvular disease are traditionally excluded
from the cardiomyopathies.
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Figure 10-26. Myxomatous mitral valve. This mitral valve, most
prominently the posterior leaflet, exhibits ballooning of the leaflets
(arrow). Although myxomatous mitral valves are most common in
females, this patient was an 18-year-old man. Such lesions may
occur as an isolated abnormality, but may also occur in association
with a number of connective tissue disorders, such as Marfan syn-
drome, Ehlers-Danlos syndrome, and osteogenesis imperfecta.
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Types of cardiomyopathy

1. Hypertrophic cardiomyopathy

Gross morphology: Asymmetric thickening of the interventric-
ular septum; fibrosis of the aortic outflow tract corresponding

to thick interventricular septum striking the anterior leaflet of
the mitral valve (Figure 10-27 A).

Microscopic morphology: Myocyte disarray (Figure 10-27 B).

Importance of hypertrophic cardiomyopathy: Many cases are
genetic (autosomal dominant). Approximately 75% of cases are
due to a mutation in the B-myosin heavy chain gene, myosin-
binding protein C gene, or troponin T gene.

Clinical presentation of hypertrophic cardiomyopathy
Symptoms: The most frequent symptom is dyspnea on exer-
tion. Patients can also have chest pain, which results from
ischemia caused by increasing demands of hypertrophied
muscle and concomitant decreased blood flow due to
increased wall tension.

Signs: Systolic ejection murmur, S, brisk carotid upstroke,
and paradoxically split S,.

Diagnosis: Echocardiogram. A biopsy will help rule out
amyloidosis, sarcoidosis, hemochromatosis, and myocarditis.
Important points: Hypertrophic cardiomyopathy is a cause of
sudden cardiac death. It is the most common cause of sud-
den, natural death of athletes younger than 35 years of age.
Patients have diastolic dysfunction due to the inability of the
heart to appropriately dilate to fill during diastole.

2. Dilated cardiomyopathy

Gross morphology

External features: Globular (round) heart.

Internal features: Dilation of all four chambers (Figure 10-28).
Clinical features: Systolic dysfunction due to the heart with
dilated chambers and thin walls not being able to contract
forcefully enough to supply the body with an adequate amount
of blood leading to CHE. Patients can also have atrial and ven-
tricular arrhythmias. The signs and symptoms of dilated car-
diomyopathy are similar to those of CHE

Causes of dilated cardiomyopathy
Idiopathic.
Genetic causes: X-linked recessive, autosomal dominant,
and autosomal recessive transmission. Many of the genetic

forms of dilated cardiomyopathy are associated with muscu-
lar dystrophy (e.g., Duchenne muscular dystrophy).

Toxin-induced: Alcohol, doxorubicin (Adriamycin), cobalt.

Infectious causes: Viral (postmyocarditis), parasitic (e.g.,
Chagas disease).

Metabolic causes: Starvation; thiamine deficiency (also
called wet beriberi).

Miscellaneous causes: Sarcoidosis, hemochromatosis.
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Figure 10-27. Hypertrophic cardiomyopathy. This heart is from a
31-year-old woman who died suddenly. A, The interventricular sep-
tum is notably thicker than the lateral wall. The tan discoloration is
the result of fibrosis, which is commonly noted microscopically in
these patients. B, The characteristic myocardial disarray of hyper-
trophic cardiomyopathy. The myocytes are oriented perpendicular
to each other, and also appear in a whorled or pinwheel pattern.
These patients have cardiac diastolic dysfunction and are at risk
for lethal arrhythmias. Hematoxylin and eosin, 200X.

Figure 10-28. Dilated cardiomyopathy. All four chambers of this
heart are dilated, characteristic of a dilated cardiomyopathy, and
there is biventricular hypertrophy. These patients have cardiac sys-
tolic dysfunction.



3. Restrictive cardiomyopathy

Basic description: The myocardium is partially infiltrated by
noncontractile tissue or extracellular material (e.g., collagen,
amyloid). This infiltration of the myocardium impairs the abil-
ity of the heart to dilate.

Clinical features of restrictive cardiomyopathy: Usually causes
diastolic dysfunction. Patients have signs and symptoms of
CHF with prominent right-sided features. Restrictive car-
diomyopathy may be difficult to clinically distinguish from
constrictive pericarditis (see below).

Causes of restrictive cardiomyopathy: Most common cause is
amyloidosis.

Infiltrative causes: Amyloid, sarcoid (Figure 10-29 A and B).
Noninfiltrative causes: Idiopathic, scleroderma.
Other causes: Hemochromatosis (hemochromatosis also

causes dilated cardiomyopathy), diffuse interstitial fibrosis,
sarcoidosis, postradiation fibrosis.

Other disease of the myocardium: Myocarditis

Basic description: Inflammation of the heart muscle. In most
cases, the term myocarditis is used to refer to lymphocytic
myocarditis.

Lymphocytic myocarditis
Diagnostic criteria for lymphocytic myocarditis: Lympho-
cytes and myocyte necrosis (Figure 10-30).
Causes: Viral (most common are Coxsackie B virus and
echovirus). Recently, adenovirus has been identified as a
common cause.
Complications: Sudden death because of lethal arrhythmias;
dilated cardiomyopathy.
Clinical presentation of lymphocytic myocarditis: May be

asymptomatic or patients may have nonspecific complaints
(e.g., fever, malaise, myalgia).
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Figure 10-29 A and B. Cardiac sarcoidosis. The myocardium in this
section is infiltrated by granulomas and giant cells, and the diagno-
sis was consistent with sarcoidosis. These patients commonly pres-
ent with a restrictive cardiomyopathy, although they can have a
dilated cardiomyopathy. Hematoxylin and eosin, A, 100X; B, 400X.
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Figure 10-30. Lymphocytic myocarditis. The myocardium in this
section is infiltrated by lymphocytes and has focal loss of cardiac
myocytes (due to necrosis). These changes are most commonly
due to a viral infection, usually Coxsackie B virus. Hematoxylin and
eosin, 400X.
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Overview: This section will cover pericarditis, pericardial effu-
sion, and cardiac tamponade.

Pericarditis (Figure 10-31; Table 10-4)
Forms of pericarditis: Can be categorized two ways, by nature
of transudate or exudate or by general etiology.

By nature of transudate or exudate

o Serous pericarditis: Viral (most common is Coxsackie B
virus, echovirus, adenovirus); collagen vascular disease
(e.g., systemic lupus erythematosus).

o Fibrinous pericarditis: Collagen vascular disease (e.g., sys-
temic lupus erythematosus); uremia (due to renal failure);
myocardial infarct.

© Purulent pericarditis: Bacterial, fungal, mycobacterial.
o Hemorrhagic pericarditis: Neoplasms, tuberculosis.
By general etiology

o Infectious: Viral, bacterial (staphylococcal, streptococcal),
fungal, tuberculosis.

© Noninfectious: Idiopathic, neoplastic, uremic, myxedema.
o Hypersensitivity: Collagen vascular disease, Dressler syn-
drome.
Complications of pericarditis

Pericarditis can resolve with no scarring and thus no compli-
cations.

Fibrosis of pericardium to epicardium (i.e., constrictive

pericarditis) leads to diastolic dysfunction of heart. This

outcome is more common when the cause of pericarditis is

bacterial, fungal, or mycobacterial (Figure 10-32 A and B).
Clinical presentation of pericarditis

Symptoms: Sharp retrosternal chest pain occurs left of the ster-
num; abrupt in onset. Pain worsens with inspiration and is
relieved when leaning forward.

Duration of symptoms: Hours.
Signs
Friction rub and diffuse ST elevations on electrocardiogram.

Increased right atrial pressure: Distention of the right inter-
nal jugular vein > 4 cm above the sternal angle occurs with
constrictive pericarditis.

Kussmaul sign.

Pulsus paradoxus; distant heart sounds.

Figure 10-31. Pericarditis. The surface of the heart is covered by
extensive fibrinous deposits, causing the granular appearance visi-
ble in this photograph. This pattern is sometimes referred to as
“bread and butter” pericarditis. This condition is commonly seen
in patients with uremia, but may also be seen in a number of other
conditions, such as systemic autoimmune diseases and acute
myocardial infarcts. Patients with pericarditis can have chest pain
that is worse on inspiration, diffuse ST elevations on electrocardio-
gram, and a friction rub on cardiac auscultation. This condition
may be associated with the presence of a pericardial effusion.

Classification, Forms, and Causes of Pericarditis

By nature of Serous Viral, SLE

transudate or exudate  Fibrinous SLE, uremia, Ml
Purulent Bacterial, fungal
Hemorrhagic Neoplasms, TB

By general etiology Infectious Viral, bacterial

Noninfectious Neoplasms,
uremia

Hypersensitivity ~ SLE, Dressler
syndrome

SLE, systemic lupus erythematosus; MI, myocardial infarct; TB, tuberculo-
sis.



Basic description: Accumulation of fluid in the pericardial sac.
Causes of pericardial effusion: Same as pericarditis.

Clinical presentation of pericardial effusion
Symptoms: Pressure in chest; symptoms due to compression
of adjacent structures (e.g., dysphagia, dyspnea).

Signs: Muffled heart sounds; diminished QRS voltages; vari-
ation of amplitude of QRS from beat-to-beat (called QRS
alternans).

Basic description: Compression of the heart due to an increase
in fluid within the pericardial sac.

Clinical presentation of cardiac tamponade

Symptoms: If slowly developing, dyspnea and fatigue; if rap-

idly developing, cardiogenic shock.

Signs

© Pulsus paradoxus, which is an exaggerated decrease in sys-
tolic pressure with inspiration. Systolic pressure normally
decreases by as much as 10 mm Hg with inspiration due to
negative intrathoracic pressure; the right ventricle distends
but compression of the left ventricle is minimal. With car-
diac tamponade, expansion of the right ventricle pushes
on the interventricular septum more since the right ventri-
cle cannot push into the pericardial sac. This additional
pressure on the left ventricle by the right ventricle reduces
systolic pressure.

© QRS alternans.

© Pulseless electrical activity (the heart generates electrical
impulses but does not contract accordingly).

Overview of cardiac tumors: Primary cardiac tumors are rare.
Neoplasms with a propensity for cardiac metastases include
malignant melanoma.

Atrial myxoma
Most common primary tumor in adults.
Usually benign.
Usually in the left atrium.
Complications: Embolization of fragments; obstruction of
the mitral valve.
Rhabdomyoma
Benign tumor of skeletal muscle.

Associated with tuberous sclerosis.
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Figure 10-32. A and B. Constrictive pericarditis. This patient had
systemic lupus erythematosus, and presumably experienced mul-
tiple episodes of acute pericarditis. These episodes resulted in the
formation of a dense fibrous and partially calcified band around the
heart (A, and arrows in B). Because of the constrictive nature of the
pericarditis, these patients can present with hemodynamic abnor-
malities similar to those seen in a restrictive cardiomyopathy.



CHAPTER 11

NEUROPATHOLOGY

OVERVIEW

The central nervous system (CNS) is the body’s major commu-
nication network. Because of localization of functions, neuro-
logic deficits related to disease processes are variable in their
presentation. In certain locations of the brain, a lesion will
cause minimal or no symptoms, whereas in other areas, it will
cause major neurologic deficits. CNS disease can present in
many ways, including changes in consciousness, focal neuro-
logic deficits (e.g., aphasia and amnesia, motor and sensory
defects), headaches, dizziness, and seizures. Knowledge of the
various neurologic pathways will allow a physician to localize
the cause of the patient’s symptoms.

CNS diseases are classified within one of many categories,
including vascular diseases (e.g., infarcts and spontaneous
hemorrhages), trauma, infections, neoplasms, degenerative dis-
eases, toxic and metabolic disorders, and demyelinating dis-
eases. Because the pathology of nervous system diseases is inti-
mately related to their neurologic manifestations, this chapter
will begin with a discussion of clinical presentations of central
nervous system disorders. This will be followed by a discussion
of basic pathologic changes, malformations, vascular diseases,
traumatic disorders, infections of the CNS, neoplasms, degen-
erative diseases, demyelinating disorders, and, finally, a few
basic peripheral nerve and skeletal muscle disorders.

DISORDERS OF CONSCIOUSNESS

Requirement for consciousness: Intact and functioning brain-
stem reticular activating system and its cortical projections.

Terminology for impaired levels of consciousness, in order of
increasing severity

Confusion: Impairment of the capacity to think with normal
speed and clarity, associated with inattentiveness and disori-
entation. Delirium is a special example of an acute confu-
sional state in which impaired attention and reasoning are
associated with agitation, hallucinations, and in some cases,
tremor and convulsions.

Drowsiness: Inability to remain awake without external
stimulation; often associated with some degree of confusion.
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Stupor: State in which only vigorous external stimulation
can arouse the patient; once aroused, responses remain
markedly impaired.

Coma: Deep sleep-like state; patient cannot be aroused even
with vigorous or repeated external stimulation.

Causes of change in consciousness

1. With abnormal CT scan

+ Hemispheric mass lesions that cross the midline or
impinge upon the brainstem.

+ Brainstem lesions that directly affect the reticular forma-
tion.

+ Subarachnoid hemorrhage.

2. With normal CT scan

+ Inflammatory disorders, such as bacterial meningitis and
viral encephalitis.

+ Exogenous toxins, such as sedative drugs, alcohols, opioids,
and carbon monoxide.

+ Endogenous metabolic insults, such as global hypoxic-
ischemic insults, hypoglycemia, hyperammonemia, and
hypercalcemia.

+ Postictal state.

+ Selective brainstem ischemia.
Diagnosis of cause of changes in consciousness: Establishing
a differential diagnosis for the cause of a patient’s change in
consciousness requires evaluation of the history preceding the
change, the physical examination, and the effectiveness of initial
empirical therapy.
Categories of cause of changes in consciousness

Toxic and metabolic (e.g., opiate overdose, alcohol).

Infectious (e.g., meningitis, encephalitis, septic shock).

Cerebrovascular (e.g., stroke).

Trauma.

Other (e.g., seizures, neoplasms).

Role of history in diagnosis of changes in consciousness
Preceding headache suggests meningitis, subarachnoid hem-
orrhage, or encephalitis.

Preceding intoxication, confusion, or delirium suggests a dif-
fuse process such as meningitis, endogenous metabolic
insults, or exogenous toxins.

Sudden onset of coma suggests brainstem infarct or hemor-
rhage (e.g., subarachnoid hemorrhage).

Role of physical examination in diagnosis of changes in
consciousness
Localizing signs: Suggest focal lesion.

No localizing signs: Suggests encephalopathy as a result of
either an exogenous toxin or an endogenous metabolic
insult.

Neuropathology
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STRUCTURAL VERSUS METABOLIC CAUSES OF COMA

Asymmetrical or reflex functioning of the motor system indi-
cates a focal mass lesion. Changes in pupillary size and reflexes
are also useful in assessing the cause of coma.
A unilaterally dilated nonreactive pupil suggests oculomotor
nerve (CN III) compression by an expanding hemispheric
mass.
Pinpoint minimally reactive pupils suggests compromise of
the pontine tegmentum (e.g., in a pontine hemorrhage);
may also be seen in opiate intoxication. Small but reactive
pupils are a feature of many metabolic encephalopathies.
Minimally reactive pupils in a mid or slightly dilated posi-
tion suggests a midbrain lesion.
Bilaterally dilated, nonreactive pupils can be seen in cases of
damage to the midbrain tectum or in global ischemic brain
injury. It may also be caused by atropine and similar anti-
cholinergic agents.

LOCALIZED CORTICAL DEFECTS

Overview: Focal lesions within the brain can cause symptoms
that help the physician localize the lesion to a specific site. These
localizing cortical defects include weakness, visual changes,
decreased sensation, and a few specialized conditions such as
aphasia and amnesia, and others conditions including a