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Preface to the Fourth Edition

It is our great privilege to present the fourth edition of
Urologic Surgical Pathology. As our understanding of urologic
diseases continues to rapidly evolve and advance, this newest
edition has been substantially revised and incorporates the
most current knowledge, understanding, and terminology
in the field of genitourinary pathology. As with previous edi-
tions, the fourth edition is authored by leading contemporary
international experts and serves as an evidence- and criterion-
based reference that encompasses the present scope of our
specialty. The emphasis remains on the practical aspects of
diagnostic pathology with detailed discussions of the clinical
and histopathologic components across the continuum of
urologic disease processes. Additionally, there is added focus
on novel diagnostic biomarkers, newly characterized histo-
logic variants, and recent advances within the understanding
of cancer genomics. The text’s framework also incorporates
the most recently published TNM staging classifications
(2017 revision) by the American Joint Committee on Cancer
(AJCC) and the 2016 World Health Organization (WHO)
Classification of Tumours of the Urinary System and Male
Genital Organs.

This work is designed to provide contemporary, com-
prehensive, and evidence-based information not only for
pathologists, but also for urologists, medical oncologists,
and other healthcare professionals involved in patient care.
In today’s era of precision medicine, effective patient care
is a collaborative effort requiring medical professionals of
various specialties to synthesize new pathologic discoveries
toward translational clinicopathologic correlations at the
patient’s bedside. With this in mind, the fourth edition of

Urologic Surgical Pathology highlights the burgeoning
role that molecular pathology has secured within modern
health care, particularly in the management of urologic
malignancy. The reader will subsequently appreciate the
increased emphasis placed on discussions of new molecular
genetic discoveries and their applications within tumor diag-
nosis, classification, and practical utility in personalized
patient care.

We are grateful to our contributing authors for sharing
their knowledge and experience with our readers. We extend
utmost thanks to both Fredrik H. Skarstedt from the
Multimedia Education Division of the Department of
Pathology at Indiana University, who edited the digital
images for this book, and Tracey Bender, who provided out-
standing editorial assistance. We also thank the dedicated
and talented staff at Elsevier, especially Angie Breckon and
Michael Houston, who have given invaluable support
throughout the development and production of this book.
Finally, we are incredibly grateful to our colleagues and
readers for their continued support in our efforts to produce
the most comprehensive and up-to-date reference for the
study and understanding of urologic disease. We hope that
the fourth edition of Urologic Surgical Pathology becomes a
valuable resource for all of our readers.

Liang Cheng
Gregory T. MacLennan

David G. Bostwick

January 2019
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Nonneoplastic Diseases of the Kidney
MD. SHAHRIER AMIN AND STEPHEN M. BONSIB

“Study with me, then, a few things in the spirit of truth alone so we may establish the manner of Nature’s
operation. For this essay which I plan, will shed light upon the structure of the kidney. Do not stop to question
whether these ideas are new or old, but ask, more properly, whether they harmonize with Nature. I never
reached my idea of the structure of the kidney by the aid of books, but by the long and varied use of the micro-
scope. I have gotten the rest by the deductions of reason, slowly, and with an open mind, as is my custom.”

—Marcello Malpighi, 1666
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Introduction

In keeping with the spirit of Marcello Malpighi, this chapter also
aspires to reveal “the manner of Nature’s operation” as it affects the
kidney.1 However, unlike Malpighi, today’s knowledge draws
extensively on the labors, discoveries, and insights of investigators
of the past centuries.

Knowledge of the normal structure and function of the kidney
has been acquired over centuries of scholarly effort. We have come
a long way since Aristotle taught that urine was formed by the blad-
der and that kidneys were present “not of actual necessity, but as
matters of greater finish and perfection.”1 Reference to the excre-
tory functions of the bladders and kidneys can be found in early
Indian Ayurveda, Chinese, or Egyptian literature.2-4 Some of the
earliest scientifically valid experimental methods are described in
The Canon of Medicine by the famous Persian Muslim physician
Abu Ali Sina, also known as “Avicenna.”5-13 He meticulously
described the layers of the bladder and its two-stage function,
the intramural ureter and antireflux mechanisms, and scientifically
classified urethral and bladder diseases, notably calculi. The foun-
dation of modern urology was established in the sixteenth century
by Leonardo da Vinci and Vesalius, who provided the first accurate
and detailed drawings of the female and male genitourinary tracts
(Fig. 1.1).14,15 More than 300 years passed before William Bow-
man, in 1842, coupled intravascular dye injection with micro-
scopic examination to demonstrate the structural organization of
the nephron and its vascular supply (Fig. 1.2).16,17 Bowman’s

Fig. 1.1 Vesalius’s anatomic illustration of the male genitourinary tract pub-
lished in 1543. Note that the left kidney is incorrectly placed lower than
the right. (From Murphy LJT, ed. The history of urology. Springfield, Ill:
Charles C Thomas, 1972; with permission.)

Fig. 1.2 William Bowman’s illustration of the vascular supply to glomeruli and the relationship of the efferent arteriole to the convoluted tubules (A and B).
(From Bowman W. On the structure and use of the malpighian bodies of the kidney, with observations on the circulation through that gland. Philos Trans
R Soc Lond Biol 1842;132:57; with permission.)
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observations provided morphologic support for Malpighi’s
seventeenth-century speculation of a filtration function for the
malpighian body (the glomerulus).1,18 Sixty years later the embry-
ologic development of the nephron was demonstrated by Huber in
a thin-section serial reconstruction study of embryos (Fig. 1.3).19

Huber’s observations were refined and elegantly illustrated by
Br€odel in Kelly and Burnam’s Diseases of the kidneys, ureters and
bladder published in 1914.20 Potter and Osathanondh validated
the findings in a series of microdissection studies of developing kid-
neys, which were published in the 1960s.21-26

The ultrastructural features and immunohistochemical profiles of
the normal kidney and of many diseases were elucidated in the 1970s
and 1980s after refinement of the percutaneous biopsy technique and
advances inmorphologicanalyses.Since1990 therehasbeenanexplo-
sion of new information about the genetic basis of normal and abnor-
mal renal development, and about numerous disease processes.27-34

Embryologic Development and Normal
Structure

This chapter beginswith a brief reviewof the embryology andnormal
gross and microscopic structure of the kidney. For more in-depth
coverage of these topics, several excellent resources are available.27-34

The development of the urinary and genital tracts is closely
related (Fig. 1.4). These tracts both develop from paired longitudinal

cords of tissue lateral to the aorta that are known as the intermediate
mesoderm.26,27,33 From the portion caudal to the seventh somite,
known as the nephrogenic mesoderm (or nephrogenic cord), three
nephronic structures develop in quick succession: the pronephros,
the mesonephros, and the metanephros. Although the pronephros
and the mesonephros are transient organs, they are crucial for the
proper development of both the urinary and the reproductive tracts.

Pronephros
The first embryologic derivative of the nephrogenic cord is the pro-
nephros, a structure functional only in the lowest forms of fish. It
arises from the most cranial portion of the nephrogenic cord during
the third week of gestation (1.7mm stage; 7th to 14th somite
stage). Approximately seven pairs of tubules form, only to regress
2 weeks later (Figs. 1.4 and 1.5). The pronephros is important
because the pronephric tubules grow caudally and fuse with the
next pronephric unit, which gives rise to the pronephric duct.
The pronephric duct is the only remnant of the pronephros, and
henceforth is called the mesonephric duct.

Mesonephros
The mesonephros develops from the dorsolumbar segments of the
nephrogenic cord from day 24 of gestation. Cells of the mesonephric
duct proliferate caudally (Fig. 1.4) and begin to form the mesoneph-
ric kidney during the fourth week of gestation (4mm; 26th to 28th
somite stage). The mesonephros is a highly differentiated structure
and is the functional kidney of higher fishes and amphibians.

The mesonephric kidney consists of approximately 40 pairs of
nephrons. The cranial nephrons sequentially regress while caudal
nephrons form, with 7 to 15 nephrons functional at all times
(Figs. 1.4 and Fig. 1.5). The nephrons are induced in a fashion
analogous to their metanephric counterparts.

A fully developed mesonephric nephron consists of a glomeru-
lus connected to the mesonephric duct by a convoluted proximal
and distal tubule (Figs. 1.6A and 1.7A). The glomerulus is vascu-
larized by capillaries that branch from small arterioles originating
from the aorta, and its efferent arteriole empties into the posterior
cardinal vein. The glomerulus appears to filter plasma. Its proximal
tubule possesses a brush border; the proximal and distal tubules
appear capable of nutrient resorption, as well as concentration
and dilution of urine. The tubules connect with the mesonephric
duct, which extends distally to connect to the cloaca at about
4 weeks postconception. The mesonephric kidney remains func-
tional until the end of the fourth month of gestation.

Portions of the mesonephric kidney can be easily identified in
small embryos (1 to 3cm), which are occasionally encountered in
surgical specimens such as those from ectopic pregnancies. In the
male, some of the caudal mesonephric tubules develop into the
efferent ducts of the epididymis, while the mesonephric duct
becomes the epididymis, the seminal vesicle, and ejaculatory duct.
In the female, the entire mesonephros degenerates during the end
of the first trimester; however, vestigial structures such as the epoo-
phoron, paroophoron, and Gartner duct, as well as mesonephric
remnants, can occasionally be seen in surgical specimens from
the ovary and fallopian tubes.

Metanephros
The metanephric kidney is the product of a complex orchestration
of embryologic processes. Although discussed separately, it must be

Fig. 1.3 Wax model serial reconstruction of nephron differentiation
by Huber. (From Huber GC. On the development and shape of uriniferous
tubules of certain of the higher mammals. Am J Anat 1905;4:29; with
permission.)
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appreciated that while the collecting system and renal pyramids are
forming there is simultaneous induction of thousands of nephrons,
and neurovascular and lymphatic components ramify in a carefully
organized architecture throughout the cortex.

The formation of the adult metanephric kidney begins during
the fourth to sixth weeks of gestation (4 to 5mm), after the meso-
nephric duct has established communication with the urogenital
sinus (Fig. 1.5). A diverticulum, known as the ureteric (or ampul-
lary) bud, forms on its posterior medial aspect (Figs. 1.4 and
Fig. 1.5) and then establishes contact with the sacral portion of
the nephrogenic mesoderm, the nephrogenic blastema. A complex

Fig. 1.4 Diagram illustrating the relationship between reproductive tract and urinary tract development. (From Patton BM. Human embryology. New York:
McGraw Hill, 1968; with permission.)

Fig. 1.5 Early morphogenesis of the kidney. The pronephros and meso-
nephros begin to develop at 3 and 3.5 weeks, respectively, but gradually
regress. The metanephros forms in the metanephric mesenchyme at the
distal end of the mesonephros, after the mesonephric duct has established
connection with the urogenital sinus, usually after 4 weeks of gestation. It is
then invaded by the ureteric bud, which undergoes branching to form the
collecting system while the overlying condensing mesenchyme forms the
nephrons.
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Fig. 1.6 (A) An embryo of 7 weeks of gestation showing initial induction of the metanephric kidney (curved arrow) and glomeruli of the mesonephric kidney
(arrow). (B) Embryo 12 weeks of gestation showing a metanephric kidney with a rudimentary collecting system (arrow) and active nephrogenesis. The adrenal
gland (A), gonad (G), and mesonephric kidney are also visible.

Fig. 1.7 (A) A portion of the mesonephric kidney (from Fig. 1.6A) showing well-developed glomeruli and tubules. (B) Metanephric kidney (from Fig. 1.6A)
beginning to form and showing condensations of cells destined to form a nephron.



reciprocal inductive process results in dichotomous ureteric bud
branching and nephron induction that eventually culminate in
the adult metanephric kidney. The metanephros is therefore a
product of two embryonic derivatives; the nephrons are of blaste-
mal origin, whereas the ureter, pelvis, calyces, and cortical and
medullary collecting ducts are derived from the ureteric bud.

On contact with metanephric blastema the ureteric bud
undergoes a rapid sequence of dichotomous branching and
fusion, forming the renal collecting system by the 14th week
(Figs. 1.8 and 1.9). The initial two branches form the renal pelvis,
the third to sixth branches form the major and minor calyces, and

the sixth to eleventh branches form the papillary ducts (Fig. 1.9).
Because ureteric bud branching is more rapid in the upper and
lower poles, the calyces and papillae in those regions are more
numerous.

While the collecting system is forming, nephron induction has
already begun (Figs. 1.6B, 1.7B, 1.8, 1.10, and 1.11). The kidneys
have moved into the flanks because of a combination of migration
out of the pelvis and rapid caudal growth of the embryo (Fig. 1.12).
The kidney also has rotated from its original position with the pel-
vis anterior, to its final position with the pelvis medial.20 By week
13 or 14, the minor calyces and renal pyramids are well formed and

Fig. 1.8 Invasion of the ureteric bud into themesenchyme results in conden-
sation of the mesenchyme around the ureteric bud tip. (From Jain S.
“Normal kidney development.” In “Diagnostic pathology: kidney diseases”
by Colvin RB and Chang A, pages 36–45. Philadelphia: Elsevier, 2016; with
permission.)

Fig. 1.9 Development of the renal pelvis. Diagram showing branches of the ureteral bud. Circles indicate possible locations of minor calyces at level of third-,
fourth-, or fifth-generation branches. The figure at the right indicates ureteral bud branches that may dilate to form the renal pelvis. (From Osathanondth V,
Potter EL. Development of the human kidney as shown by microdissection III. Formation and interrelationship of collecting tubules and nephrons. Arch Pathol
1963;76:61. Copyright © 1963. American Medical Association. All rights reserved.)

Fig. 1.10 Reciprocal interactions between the ureteric bud, condensing
mesenchyme, and stroma involve cross talk between cells with involvement
of many genes and their products, some of which are highlighted in this
figure. (From Jain S. “Normal kidney development.” In “Diagnostic pathol-
ogy: kidney diseases” by Colvin RB and Chang A, pages 36–45. Philadel-
phia: Elsevier, 2016; with permission.)
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the lobar architecture can be appreciated grossly (Figs. 1.13
through 1.15). At this time, the cortex contains several generations
of nephrons, and the lateral portions of adjacent lobes begin to
merge to form the columns of Bertin.

By weeks 20 to 22 the renal lobes are well formed, and the kid-
ney is a miniature of the adult kidney (Fig. 1.15). The ureteric bud
has ceased branching, but the branches continue to lengthen. As
they lengthen they induce arcades of four to seven nephrons, which
are connected to the collecting duct by a connecting tubule
(Fig. 1.16). Additional groups of three to seven nephrons then

form, each attached directly to a collecting duct without a connect-
ing tubule. Therefore each cortical collecting duct will have 10 to
14 generations of nephrons attached, with the most recently
formed and least mature nephrons located beneath the renal
capsule.

Nephron Differentiation
The formation of individual nephrons begins as early as 7 weeks of
gestation and results in a limited degree of “renal function” by

Fig. 1.11 (A) Schematic showing how the pretubular aggregate differentiates to form successively the comma shaped body and S-shaped body. The proximal
portion becomes the tubules, and the distal portion forms the glomerular epithelial cells. (B) Endothelial cells invade the cleft of the S-shaped body and form
the glomerular tuft. Some of the involved genes are also shown. (From Jain S. “Normal kidney development.” In “Diagnostic pathology: kidney diseases” by
Colvin RB and Chang A, pages 36–45. Philadelphia: Elsevier, 2016; with permission.)

Fig. 1.12 A 1907 diagram byMax Br€odel showing the ascent andmedial rotation of the kidney. (From Kelly HA, BurnamCF. Diseases of kidneys, ureters and
bladder. New York: Appleton, Century Crofts, 1914; with permission.)
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9 weeks. In the subcapsular nephrogenic zone of any immature
kidney (Fig. 1.17) the sequence of nephron induction can be
observed in its various stages of completion. The historic wax
models and illustrations made by Huber (Fig. 1.18), the drawing
by Br€odel (Figs. 1.3 and 1.14), and the illustrations by Dressler and
Jain (Figs. 1.5, 1.8, 1.10, and 1.11) provide a three-dimensional

perspective useful in understanding the cellular events during renal
development as demonstrated in Fig. 1.17.26,28

An individual nephron begins to form when the metanephric
blastema aggregates adjacent to the ureteric bud to form a hollow
vesicle (Fig. 1.10). The molecular basis for this event is complex
and involves the coordinated induction of numerous genes that
encode for growth factors, adhesion molecules, matrix compo-
nents, and other regulatory proteins (Table 1.1 and Figs. 1.10
and 1.11). The cells within the vesicle grow differentially, first
forming a comma-shaped aggregate of cells that then elongate
and eventually develop two indentations creating an S-shaped
structure (Fig. 1.11). The distal portions of the S-shaped body (seg-
ments attached to the ureteric bud) are destined to become the
proximal and distal tubules (Fig. 1.11). They form tubular struc-
tures and establish communication with the collecting duct. The
proximal part of the S-shaped body (segment away from the

Fig. 1.13 Kidney from a 13-week fetus (compare with Fig. 1.14) showing a
renal lobe with a pyramid (P) and the collecting system (C). Fusion of adja-
cent lobes forms columns of Bertin (arrow).

Fig. 1.14 Microdissected 13-week kidney
showing the collecting system, renal pyra-
mids, and several generations of glomeruli.
Most of the tubules have been removed.
(From Osathanondth V, Potter EL. Develop-
ment of the human kidney as shown by
microdissection III. Formation and interrela-
tionship of collecting tubules and nephrons.
Arch Pathol 1963;76:61. Copyright © 1963.
American Medical Association. All rights
reserved.)

Fig. 1.15 A 22-week fetal kidney (left) and a 40-week term kidney (right)
showing distinct fetal lobes.
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ureteric bud) gradually broadens and separates into two cell layers:
the outer layer becomes the parietal epithelium of the Bowman
capsule, whereas the inner layer becomes the visceral epithelium
(podocytes). Endothelial cells migrate into the indentation in
the proximal part and eventually form a podocyte-invested and vas-
cularized glomerular tuft within Bowman capsule.

Cells of the upper layer continue to proliferate to form a con-
necting duct and the distal convoluted tubule, whereas cells of the
middle limb produce the proximal convoluted tubule and the limb

of Henle. Finally, the limb of Henle grows down along the collect-
ing duct to form the medullary rays. Nephrogenesis is usually com-
plete by 32 to 36 weeks of gestation. Maturation occurs beyond
this period and continues until adulthood, with resulting renal
enlargement that reflects tubular elongation and cellular enlarge-
ment of the tubular portions of the nephron. There appears to
be some correlation (Table 1.2) between fetal gestational age
and layers/rows of mature glomeruli, which can be useful in foren-
sic assessment or to correlate with development in other organs.

Gross Anatomy

The kidneys are paired retroperitoneal organs that normally extend
from the 12th thoracic vertebra to the 3rd lumbar vertebra. The
upper poles are tilted slightly toward the midline, and the right kid-
ney is slightly lower and shorter than the left kidney. The average
adult kidney is 11 to 12cm long, 5 to 7cm wide, and 2.5 to 3cm
thick, and it weighs 125 to 170g in men and 115 to 155g in
women.20,27,31,33,34 The combined mass of the kidneys correlates
with body surface area, whereas age, sex, and race have relatively
less influence.35 Its volume can increase or decrease by 15% to
40% with major fluctuations in blood pressure (BP), hydration,
or interstitial expansion by edema.

The posterior surfaces are flatter than the anterior, and the
medial surface is concave with a 3-cm slitlike space called the
hilum. The hilum is the vestibule through which the collecting
system, nerves, arteries, veins, and lymphatics pass. In the adult,
these structures are invested by fat within the renal sinus and are
usually arranged from anterior to posterior as artery and vein
and ureter.

The subcapsular surface of the renal cortex may be smooth and
featureless, or may show grooves corresponding to the individual
renal lobes (Fig. 1.19). The persistence of distinct fetal lobes is
common and is a normal anatomic variant. In some kidneys, three
zones are created by two shallow superficial grooves that radiate
from the hilum to the lateral border (Fig. 1.20). The three regions
define the upper pole, middle zone, and lower pole, and usually
reflect regions drained by the three lobar veins.

The normal adult kidney has a minimum of 10 to 14 lobes, each
composed of a central conical medullary pyramid surrounded by a

Fig. 1.16 Kidney showing arrangement of nephrons at birth. (A) Usual
pattern. (B) Possible variations. (FromOsathanondth V, Potter EL. Develop-
ment of the human kidney as shown by microdissection III. Formation and
interrelationship of collecting tubules and nephrons. Arch Pathol 1963;
76:61. Copyright © 1963. American Medical Association. All rights reserved.)

Fig. 1.17 (A) Nephrogenic zone of a 14-week kidney. (B) Notice the ampullary bud and hollow vesicles (arrow), early S-phase (curved arrow), primitive
glomerular tuft (open arrow), and increasingly mature glomeruli.
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Fig. 1.18 1907 illustration by Max Br€odel that shows the sequence of nephron induction. (From Kelly HA, Burnam CF. Diseases of kidneys, ureters and
bladder. New York: Appleton, Century Crofts, 1914; with permission.)

TABLE 1.1 Expression of Selected Genes and Proteins Involved in the Development of the Kidneys

Name Role in Development Effect of Mutations Expression in Normal Kidney Comment

PAX2 (paired box 2) Acts as a survival signal in
ureteric bud/collecting duct
lineage

Renal agenesis in null mutant;
large gene deletions implicated
in 3% of cases of renal-
coloboma syndrome582

Intermediate mesoderm, nephric duct,
mesonephros, ureteric bud, induced
metanephric mesenchyme

Nuclear stain; can
be used to confirm
renal, M€ullerian, or
Wolffian duct origin
of cells

N-myc (avian
myelocytomatosis viral
oncogene homologue)

Differentiation and
organogenesis

Hypoplastic mesonephros,
decreased ureteric bud tips
and nephrons, renal hypoplasia

Induced metanephric mesenchyme Amplification
(>10 copies)
associated with poor
prognosis in
neuroblastoma

HNF1B (hepatocyte
nuclear factor 1β)

Maintains differentiated
state of renal epithelia

Null mutants do not survive;
renal cysts, single kidneys,
renal hypoplasia, electrolyte
abnormalities

All tubular epithelia and collecting ducts Renal tubules become
cystic if HNF1B is
mutated

WT1 (Wilms tumor 1) Transcription factor Renal agenesis in null mutant;
proteinuria in heterozygous
mice; disturbed podocyte
differentiation,
glomerulosclerosis

Intermediate mesoderm, mesonephros,
uninduced and induced metanephric
mesenchyme, comma- and S-shaped
bodies; restricted to podocytes in adult
kidney

Marker in tumors
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cap of cortex (Fig. 1.21). Often there are six lobes in the upper pole
and four lobes each in the middle zone and lower pole. However,
substantial variability occurs both in the number of lobes in the
adult kidney and in their visibility when the renal capsule is
removed.

The renal parenchyma consists of the cortex and the medulla,
which are grossly quite distinct (Fig. 1.21). The renal cortex is
the nephron-containing parenchyma. It forms a 1.0-cm layer
between the renal capsule and medulla (also known as the renal
pyramids) and extends down between the renal pyramids forming
the columns of Bertin. The midplane of a column of Bertin is the
line of fusion of two renal lobes. The renal medulla is divided into
an outer medulla and the inner medulla or papilla (Fig. 1.21). The
outer medulla is further divided into an outer stripe and an inner
stripe. Each segment of the renal medulla is defined by its unique
tubular components, as discussed later. The outer medulla receives

input from nephrons in the overlying cortex and nephrons in the
adjacent half of a column of Bertin. The papilla protrudes into a
minor calyx. Its tip has 20 to 70 openings of the papillary collecting
ducts (Bellini ducts).

The arterial supply to the kidney follows a general overall blue-
print, and knowledge of its details is useful when evaluating lesions
in a kidney affected by vascular abnormalities.36-38 In 1901, Br€odel
first appreciated the distinctive renovascular segmentation of the
kidney.38 The nomenclature used here was established by Graves
in 1954.37

The main renal artery arises from the aorta and divides into an
anterior and a posterior division, and five segmental arteries are
usually derived from these two divisions (Figs. 1.20 and 1.22).
The anterior division supplies most of the kidney and often divides
into four segmental arteries: the apical, upper, middle, and lower
segmental branches. The apical and lower segmental arteries supply

Name Role in Development Effect of Mutations Expression in Normal Kidney Comment

FOXD1 (forkhead
box D1)

Expressed in interstitial
progenitor cells in the cortex
and medulla

Fused kidneys FOXD1 + progenitors form stroma that
becomes vascular smooth muscle,
juxtaglomerular cells, mesangial cells,
pericytes, and resident fibroblasts

Marker of interstitial
progenitor cells that
form renal stroma

RARα/RARβ2 (retinoic
acid receptor)

Ureteric bud branching,
stroma signaling

Kidney and ureter
malformations

RARα: ureteric bud, metanephric
mesenchyme, stroma
RARβ: stroma only

Marker in tumors

GDNF (glial cell
line–derived
neurotrophic factor)

Growth factor Ureteric bud fails to form or has
abnormal branching; renal
hypoplasia or agenesis

Intermediate mesoderm, mesonephros,
induced metanephric mesenchyme,
pretubular aggregate

Angiotensinogen Renin substrate Hypoplastic papillae,
hydronephrosis, thickened
blood vessels, hypotension

Ureteric bud, stroma, glomeruli,
proximal tubules

Angiotensin receptor
types 1a and 1b

Angiotensin receptor Hypoplastic papillae,
hydronephrosis, thickened
blood vessels, hypotension

Ureteric bud, stroma, proximal tubules

Angiotensin receptor
type 2

Angiotensin receptor Duplicated collecting system,
hydronephrotic upper pole

Stroma adjacent to ureteric bud stalk

Fibroblast growth
factor

Growth factor Increased apoptosis, truncated
nephrons, renal hypoplasia

Pretubular aggregates, vesicles, tubule
progenitors

Platelet-derived
growth factor (PDGF)
receptor b

Growth factor (PDGF)
receptor

Dilated glomerular capillaries
with no mesangial cells

Glomerular mesangial cells

Vascular endothelial
growth factor

Growth factor Small glomeruli, lack capillary
loops, few endothelial cells

S-shaped body, podocytes, collecting
ducts

Laminin α5 Basement membrane
protein

Abnormal glomeruli with
displaced endothelial and
mesangial cells, and clustered
podocytes

Basement membrane of ureteric bud,
developing tubules, and glomeruli

Laminin β2 Basement membrane
protein

Absence of podocyte foot
processes, proteinuria

Glomerular basement membrane Nephrotic syndrome

Laminin α3β2 Transmembrane adhesion
receptor

Dilated and fewer capillary
loops; loss of podocyte foot
processes, dual GBMs

Ureteric bud, collecting ducts,
podocytes

Nephrin Transmembrane protein Foot process effacement,
absence of filtration slit
diaphragm, proteinuria

Podocyte filtration slit diaphragm Congenital nephrotic
syndrome of the
Finnish type

PKD1 and PKD2
(polycystin 1 and 2)

Transmembrane proteins Metanephric cysts in null
mutants; postnatal PKD in
heterozygous mice

Developing nephron segments and
collecting ducts

Mutated in autosomal
dominant PKD

UP II and III (Uroplakin) Transmembrane proteins Hydronephrosis; vesicoureteric
reflux (UPII); ureteric
obstruction (UPIII)

Superficial umbrella cells of urothelium

GBM, Glomerular basement membrane; PKD, polycystic kidney disease.
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the anterior and posterior aspects of the upper and lower poles,
respectively (Fig. 1.22). In 20% to 30% of kidneys, one or both
arteries will arise separately from the aorta to form supernumerary
arteries (also known as aberrant, accessory, or polar arteries). The
posterior division becomes the posterior segmental artery. It passes
behind the pelvis and supplies the middle two-thirds of the poste-
rior surface. The five segmental arteries and all their branches are
end arteries with no collateral blood flow. Thus occlusion of a seg-
mental artery or any of its subsequent branches results in infarction
of the zone of parenchyma it supplies.36

Fig. 1.19 Two adult kidneys with capsules removed showing subtle fetal
lobation (left) and prominent fetal lobation (right).

Fig. 1.20 Kidneys showing two grooves defining the renal poles. In each
kidney an anterior and posterior division of the renal artery is visible. The left
kidney (right side) is incompletely rotated.

Fig. 1.21 This renal lobe shows the cortical medullary rays. The columns of
Bertin invest the outer medulla (O), whereas the papilla (P) or inner medulla is
nestled within a minor calyx.

TABLE 1.2
Correlation of Fetal Gestational Age
and Glomerular Development

Gestational
Age
(weeks)

Rows of Glomeruli in
Cortex From Medulla to
Capsule

Number of Mature
Glomerular Layers

16-23 3 –

24 3-5 4.3 � 0.8
25 4-6 4.6 � 0.7
26 5-7 –

27 6-8 6.1 � 1.1
28 7-9 6.0 � 1.2
29 8-10 6.3 � 1.3
30 9-11 –

31 10-12 7.1 � 0.9
32 11-13 –

33 12-13 7.7 � 0.8
34 12-14 –

35-42 12-14 7.6� 0.4 to 8.6� 1.3
Newborn to
adult

12-14 –

Cortex between columns of
Bertin

Radial counts;
excludes columns of
Bertin

From Jain S. Normal kidney development. In: Diagnostic pathology: kidney diseases.
Philadelphia: Elsevier, 2016 (with permission).

Fig. 1.22 A diagram of the most common arterial pattern of the kidney
showing the main renal artery, anterior and posterior divisions, and the seg-
mental, interlobar, and arcuate arteries. (From Graves FT. The anatomy
of the intrarenal arteries and its application to segmental resection of the
kidney. Br J Surg 1954;42:133; with permission.)
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From segmental arteries, the interlobar arteries, arcuate arteries,
interlobular arteries, and arterioles are sequentially derived. A seg-
mental artery branches within the renal sinus and creates several
interlobar arteries. An interlobar artery enters the parenchyma in
a column of Bertin between two renal pyramids (i.e., at the junction
of two lobes) and forms a splay of six to eight arcuate arteries. The
arcuate arteries course along the corticomedullary junction and ter-
minate at the midpoint of a renal lobe. At perpendicular or slightly
oblique angles, the interlobular arteries arise from an arcuate artery
and may branch as they pass through the cortex toward the renal
capsule. The interlobular arteries course between medullary rays
and are encircled by tiers of five to six glomeruli, which they supply
with afferent arterioles (Fig. 1.23). The glomerular efferent arteriole
forms a portal system of capillaries, which supply the adjacent
tubules that arise from more than one glomerulus (Fig. 1.2B).

The renal medulla has a dual blood supply.39,40 Its prin-
cipal blood supply arises from the efferent arterioles of the juxta-
medullary glomeruli, which course directly into the medulla to
form the vasa recta (Fig. 1.24). In addition, as an interlobar artery
courses along a minor calyx it gives rise to several spiral arteries,
which supply capillaries to the papillary tip. These capillaries anas-
tomose freely with capillaries from the opposite side and form a
plexus around the ducts of Bellini.

The interlobular, arcuate, and interlobar veins parallel the arter-
ies. Unlike the arcuate arteries, the arcuate veins have abundant
anastomoses. They combine to form three large segmental veins
that drain the three poles of the kidney.31,40,41 The veins lie ante-
rior to the pelvis and unite to form the main renal vein.

The lymphatic drainage is a dual system.31,41 The major lym-
phatic drainage follows the blood vessels from parenchyma to the
renal sinus, to the hilum, and terminates in lateral aortocaval lymph
nodes. In addition, minor capsular lymphatic drainage from the
superficial cortex courses into the capsule and then around to
the hilum to join the major lymphatic flow.

Microscopic Anatomy

The cortex is organized into two regions: the cortical labyrinth and
the medullary rays (Fig. 1.25). The labyrinth contains glomeruli,
proximal and distal convoluted tubules, connecting tubules, and
the initial portion of the collecting ducts, as well as interlobular ves-
sels, arterioles, capillaries, and lymphatics. The principal compo-
nents of the labyrinth are the proximal tubules. In the normal
cortex, the tubules are closely packed with closely apposed base-
ment membranes (Figs. 1.23 and 1.25). The interstitial space is
scant. It contains the peritubular capillary plexus and inconspicu-
ous numbers of interstitial fibroblasts and reticulum cells. A med-
ullary ray consists of collecting ducts and the proximal and distal
straight tubules that course down into and back up from the
medulla. The nephrons that empty into the collecting ducts of a
single medullary ray comprise a renal lobule, the functional unit
of the kidney.

The medulla is divided into an outer medulla, composed of an
outer stripe and an inner stripe, and the inner medulla or papilla.
Each zone contains specific tubular segments arranged in an

Fig. 1.23 The interlobular artery supplies arterioles to glomeruli (periodic
acid–Schiff stain).

Fig. 1.24 Diagram of the dual blood supply to the papillae. (FromBaker SB.
The blood supply to the renal papillae. Br J Urol 1959;31:57; with
permission.)

Fig. 1.25 Renal cortex sectioned perpendicular to the renal capsule that
shows a medullary ray (left side) and the cortical labyrinth with two glomeruli
(right side) (periodic acid–Schiff stain).
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elaborate architecture to create the countercurrent concentration
system. The outer stripe contains the straight portions of the prox-
imal tubule, thick ascending limb of loop of Henle and collecting
ducts. The inner stripe contains the thin descending and thick
ascending limbs of loops of Henle and collecting ducts. The inner
medulla contains the thin descending and ascending limbs of loops
of Henle and collecting ducts of Bellini. For further details of the
microscopic anatomy of the medulla, or for the ultrastructural fea-
tures of all nephron components, several excellent resources are
available.27,31,41

Parenchymal Maldevelopment and Cystic
Kidney Diseases

“The more complicated an organ in its development, the more sub-
ject it is to maldevelopment, and in this respect the kidney outranks
most other organs.”33

—Edith Potter

Developmental anomalies and cystic kidney diseases occur in
approximately 10% of the population.27,42-45 They encompass a

vast number of complex entities that may be limited to the kidney
or part of a multiorgan malformation syndrome. These diseases
may be sporadic, hereditary and syndromic, or acquired, and they
include several that are associated with a neoplastic diathesis. Enor-
mous progress has been made in unraveling the pathogenesis of
many entities with delineation of their genetic and molecular basis.
This knowledge has minimized the validity of the simplistic ana-
tomic contribution of urinary tract obstruction popular for so
many years by placing it within a larger paradigm of sequential
genetic and molecular misadventures that culminate in the mal-
formed kidney and urinary tract.27,46-56

These diseases can be separated into two large categories based
on pathogenesis. A heterogeneous group of diseases results from
mutation of one or more key master genes crucial for proper devel-
opment of the kidneys and lower urinary tract. Collectively, these
are referred to as congenital anomalies of the kidneys and urinary
tract (CAKUT). These lesions may be sporadic or hereditary and
syndromic. They are common and very important because they
account for up to 50% of cases of renal failure in children
(Table 1.3).

A second category encompasses a “family” of cystic kidney dis-
eases, the ciliopathies, which result from mutation of genes that

TABLE 1.3 Classification of Cystic Kidney Diseases and Congenital Anomalies of the Kidney and Urinary Tract

I. Polycystic kidney diseases
A. Autosomal recessive polycystic kidney disease

Classic in neonates and infants
Childhood with hepatic fibrosis

B. Autosomal dominant polycystic kidney disease
Classic adult form
Early-onset childhood form

C. Glomerulocystic kidney
Primary GCKD

Sporadic GCKD
Familial GCKD
Hereditary GCKD associated with UROM or HNF1B mutations

Secondary glomerular diseases in which glomerular may be present
Associated with ADPKD/ARPKD/TSC
Syndromic nonhereditary glomerulocystic kidney
Ischemic glomerular atrophy
Renal dysplasia

D. Acquired cystic kidney disease

II. Congenital anomalies of the kidney and urinary tract (CAKUT)
A. Renal agenesis and dysplasia

Agenesis
Sporadic: unilateral or bilateral
Syndromic
Nonsyndromic multiple malformation syndromes

Renal dysplasias
Sporadic: unilateral or bilateral
Syndromic
Nonsyndromic multiple malformation syndromes

Hereditary adysplasia
B. Renal hypoplasias

Simple hypoplasia: unilateral or bilateral
Oligomeganephronic hypoplasia
Cortical hypoplasia (reduced nephron generations)
Reduced nephron numbers (premature and low birth weight risk for

hypertension)
C. Abnormalities in form, position, and number

Rotation anomaly
Renal ectopias

Renal fusions
Supernumerary kidney
In combination with A, B, or D

D. Ureteral and urethral abnormalities
Ureteropelvic junction obstruction
Ureteral duplication/bifid ureter
Vesicoureteral reflux
Primary megaureter
Ureteral ectopia
Posterior urethral valves
In combination with A, B, or C

III. Tubulointerstitial syndromes that may be cystic
A. Nephronophthisis
B. Autosomal dominant tubulointerstitial disease

UROM kidney disease
REN kidney disease
HNF1B kidney disease
MUC1 kidney disease

C. Renal tubular dysgenesis
D. Bardet-Biedel syndromes

IV. Cystic neoplasms and neoplastic cysts
A. Mixed epithelial and stromal tumor family (includes cystic nephroma)
B. Cystic partially differentiated nephroblastoma
C. Multilocular cystic renal cell carcinoma of low malignant potential
D. Tubulocystic renal cell carcinoma
E. von Hippel–Lindau disease
F. Lymphangioma/lymphangiectasia

V. Miscellaneous cysts
A. Simple cortical cysts
B. Medullary sponge kidney
C. Localized cystic kidney disease

ACE, Angiotensin-converting enzyme; ADPKD, autosomal dominant polycystic kidney disease;
ARPKD, autosomal recessive polycystic kidney disease; GCKD, glomerulocystic kidney disease;
HNF1B, hepatocyte nuclear factor 1β; MUC1, mucin-1; REN, renin; TSC, tuberous sclerosis com-
plex; UROM, uromodulin.
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encode for certain proteins crucial to the formation and function of
the primary cilium of renal tubular cells. Most renal tubular cells
have a single primary cilium, a slender organelle that originates
from the basal body and extends from the apical surface of tubular
cells. It is a structure long regarded as vestigial, but it is now appar-
ent that the primary cilium has critical sensory and cell signaling
functions that affect cell proliferation, polarity, and differentiation.
The ciliopathies are hereditary diseases. Several have associated
liver diseases that include bile duct cysts and bile duct plate mal-
formations that may lead to congenital hepatic fibrosis.55 The cilio-
pathies include one of the most common genetic diseases,
autosomal dominant polycystic kidney disease (ADPKD), as well
as numerous other uncommon syndromic disorders. The members
of this family of diseases are listed in Table 1.4. However, this list is
likely not complete because new entities are regularly added.

Finally, there are miscellaneous other cystic kidney diseases of
uncertain pathogenesis. These include the common simple cortical
cyst, the uncommon isolated polycystic kidney disease that resem-
bles ADPKD, and acquired cystic kidney disease, which is of great
importance because of its neoplastic diathesis.

Construction of a classification system designed to logically
organize this vast compendium of developmental and cystic dis-
eases is challenging. Many schemas have been proposed.57,58

The ideal scheme would account for morphologic features, their
clinical importance, and their pathogenesis. Although knowledge
of the embryologic development of the kidney provides a tempting
basis for explaining departures from the normal renal development,
it must be accepted that little experimental evidence exists to
defend such conjectures.

Classification of developmental anomalies and cystic kidney
diseases based on their underlying genetic defects will likely grad-
ually replace current schemes. However, even with a more thor-
ough understanding of the genetic basis of these diseases,
organizing these entities will remain difficult. For instance,
CAKUT lesions may affect a single kidney–lower urinary tract unit
with a completely normal contralateral kidney. Conversely,
CAKUT lesions may show distinctly different types of anomalies
that affect each kidney–lower urinary tract unit. Finally, the spec-
trum of CAKUT diseases may arise in both syndromic and non-
syndromic contexts. Similarly, although the diseases associated
with mutation of ciliary proteins are all hereditary, the inheritance
can be dominant or recessive. In addition, the renal diseases
encountered in the ciliopathies range from cystic diseases that arise
in normally formed kidneys, to cystic kidney disease resulting from

metanephric maldevelopment identical to several CAKUT abnor-
malities, to chronic progressive tubulointerstitial diseases that may
or may not form cysts. Another complicating factor is the polyge-
netic nature of many disorders, in which the variable presence of, or
accumulation of, multiple minor genetic defects affects susceptibil-
ity and influences the nature of the malformation expressed. This
conundrum of developmental misadventures prompted Edith Pot-
ter to offer the comment quoted earlier. The classification scheme
offered in this chapter is more of a tabulation of entities based on a
selected major anatomic feature that is the avenue through which
pathologists encounter these entities (Table 1.5).

Abnormalities in Form and Position
It is useful to group abnormalities of form and position because
they often occur in combination. For instance, fused kidneys are
always ectopic, and most ectopic or fused kidneys also are

TABLE 1.4 The Ciliopathies

Autosomal dominant
Autosomal dominant polycystic kidney disease
Von Hippel–Lindau disease
Uromodulin-associated kidney diseases (medullary cystic kidney disease

type II, familial juvenile hyperuremic nephropathy, glomerulocystic
kidney disease)

Autosomal recessive
Autosomal recessive polycystic kidney disease
Nephronophthisis (with or without renal-retinal dysplasia, Joubert

syndrome, or Senior-Loken syndrome)
Bardet-Biedl syndrome
Meckel-Gruber syndrome
Orofacial-digital syndrome
Jeune syndrome

TABLE 1.5
Parenchymal Maldevelopment and
Cystic Kidney Disease

Abnormalities in form and position
Rotation anomaly
Ectopia
Fusion

Abnormalities of mass and number
Supernumerary kidney
Renal hypoplasia

Simple hypoplasia
Oligomeganephronia
Cortical hypoplasia
Segmental hypoplasia (Ask-Upmark kidney)

Renal agenesis
Unilateral renal agenesis
Bilateral renal agenesis (Potter syndrome)
Syndromic and hereditary renal agenesis

Renal dysplasia
Multicystic and aplastic dysplasia
Segmented dysplasia
Dysplasia associated with lower tract obstruction
Dysplasia associated with hereditary syndromes
Hereditary renal dysplasia and urogenital dysplasia

Polycystic kidney disease
Autosomal recessive polycystic kidney disease
Autosomal dominant polycystic kidney disease

Cysts (without dysplasia) in hereditary syndromes
Nephronophthisis
Medullary cystic disease
Von Hippel–Lindau disease
Tuberous sclerosis
Glomerulocystic kidney

Miscellaneous
Renal tubular dysgenesis
Acquired cystic kidney disease
Localized cystic kidney disease
Medullary sponge kidney
Simple cortical cyst
Pyelocaliceal ectasia and diverticula
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abnormally rotated. Each anomaly may occur in isolation or may
represent one component of a more serious complex of malforma-
tions affecting other urologic sites or other organ systems. Each
may be completely innocent and asymptomatic; however, if uri-
nary tract symptoms develop, they invariably result from impaired
urinary drainage, which may cause hydronephrosis or pain, and
may be complicated by infection or nephrolithiasis.

Rotation Anomaly
During ascent of the kidney to a lumbar location, the renal pelvis
rotates 90 degrees from an anterior to a medial position (Fig. 1.12).
Failure of the pelvis to assume a medial orientation, reverse rota-
tion, and overrotation to a posterior or even lateral location com-
prises a spectrum of orientation abnormalities known as rotation
anomalies.59 Some degree of malrotation occurs in 1:400 to
1:1000 individuals. The most common rotation anomaly is non-
rotation or incomplete medial rotation resulting in an anterior loca-
tion of the pelvis and ureter (Figs. 1.20 and 1.26). This may occur
as an isolated abnormality in an otherwise normal kidney. It always
accompanies renal ectopia or renal fusion. Ureteropelvic obstruc-
tion may on occasion result from a crossing vessel (Fig. 1.26).
Excess rotation and reverse rotation with the pelvis posterior or lat-
eral are rare.

Renal Ectopia
Failure of the kidney to assume its proper location in the renal fossa
is known as renal ectopia.60-63 The several varieties are named
according to location (Table 1.6). Renal ectopia should be distin-
guished from renal ptosis in which a normally situated kidney shifts

to a lower position. The origin of the renal artery from a normal
aortic location identifies a lower-situated kidney as ptotic rather
than ectopic. The incidence of ectopia at autopsy ranges from
1:660 to 1:1200. Renal ectopia is bilateral in 10% of cases.

The three most common forms of renal ectopia are pelvic, iliac,
and abdominal, all of which are inferiorly located. The kidneymay be
nonreniform in shape, its pelvis and ureter are anterior (nonrotated),
and the ureter is short and usually placed in the bladder, but it may
have a high insertion on the pelvis that leads to obstruction. The vas-
cular supply is influenced by the final location of the kidney, arising
from the aorta or from the common iliac, internal or external iliac, or
inferior mesenteric arteries (Fig. 1.27). The contralateral kidney may
be normal or occasionally may be absent or even dysplastic. Other
anomalies of urologic organs and cardiovascular, skeletal, and gastro-
intestinal systems are frequent in both sexes.

Cephaloid ectopia is usually associated with an omphalocele.
The kidney appears to continue its ascent when the abdominal
organs herniate into the omphalocele sac. The ureter and pelvis
are typically normal. Thoracic ectopia is rare and usually involves
the left kidney. The kidney resides in an extrapleural location in the

Fig. 1.26 A duplex left kidney with a bifid ureter and a nonrotated (anterior)
lower pelvis. An inferior supernumerary artery and a normal vein cross the
ureter, with resulting ureteropelvic junction obstruction.

TABLE 1.6 Types of Renal Ectopia

Pelvic: opposite sacrum
Iliac: opposite sacral prominence
Abdominal: above iliac crest
Cephaloid: subdiaphragmatic
Thoracic: supradiaphragmatic
Crossed: contralateral

With fusion (90%)
Without fusion (10%)
Solitary crossed (rare)
Bilateral crossed (rarest)

Fig. 1.27 A hypertrophic ectopic pelvic kidney from an asymptomatic
patient with unilateral agenesis. Notice the anterior ureter and the vascular
supply derived from the iliac vessels.
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posterior mediastinum. The diaphragm must be intact to distin-
guish this anomaly from herniation of the kidney and possibly
other abdominal organs into the thorax secondary to diaphrag-
matic hernia. The lower lobe of the lung may be hypoplastic,
but other anomalies are not present. Thoracic ectopia is usually
asymptomatic, with a normal ureter and pelvis.

In crossed ectopia the kidney is situated opposite the side of
insertion of its ureter in the trigone. Four combinations are possi-
ble (Table 1.6). In 90% of cases there is also fusion to the other
kidney. In crossed fused ectopia the kidneys may assume a variety
of shapes and positions giving rise to six “types”: inferior, superior,
lump, sigmoid, disk, and L-shaped. The kidneys function normally
and their ureters are normally located within the bladder, but their
pelves are nonrotated. Extrarenal anomalies (genital, skeletal, and
anorectal) occur in 20% to 25% of patients.

Renal Fusion
Horseshoe kidney is the most common form of renal fusion.64-66 It
is the midline fusion of two distinct renal masses, each with its own
ureter and pelvis (Figs. 1.28 and 1.29). Horseshoe kidney is rela-
tively common (1:400 to 1:2000) with a 2:1 male predominance.
Horseshoe kidney is commonly seen as part of other anomalies
such as trisomy 18 (25%), caudal dysplasia syndrome, and Zellwe-
ger syndrome.67 The fusion is typically at the lower poles but can
vary greatly in the quantity of fused parenchyma. A horseshoe kid-
ney is ectopic and usually situated anterior to the aorta and vena
cava. Occasionally the fusion is posterior to the vena cava or

posterior to both the aorta and vena cava. The ureters and pelves
are always anterior. This placement, coupled with commonly
encountered high insertion of the ureter on the pelvis, can result
in obstruction (Fig. 1.28). Approximately 30% of patients also
have other anomalies of the urinary tract, central nervous system,
heart, gastrointestinal tract, or skeletal system.

Abnormalities in Mass and Number
The following group of anomalies is much less common than those
described in the preceding section. Hypoplasia is usually bilateral,
whereas supernumerary kidney is usually unilateral, and neither
is hereditary. The renal parenchyma in each is normally formed.
In contrast, renal agenesis can be either unilateral or bilateral,
and may be hereditary.

Supernumerary Kidney
A supernumerary or duplicated kidney is one of the rarest disor-
ders.68,69 It has been defined as “a free accessory organ that is a dis-
tinct, encapsulated, large or small parenchymatous mass
topographically related to the usual kidney by a loose, cellular
attachment at most and often by no attachment whatsoever.”68

It may be located below (most common), above, or adjacent to
the kidney and is rarely bilateral. It is connected to the lower uri-
nary tract by either a bifid ureter or its own separate ureter
(Fig. 1.30). In half of the reported cases, complications have devel-
oped related to obstruction and infection.

Hypoplasia
Hypoplasia refers to a small (<50% of normal) but otherwise nor-
mally developed kidney.70 By definition, nephron formation is
normal, albeit deficient, in quantity, and dysplastic elements
(metanephric dysgenesis) are absent. There are four types of hypo-
plasia (Table 1.7).

Fig. 1.28 Horseshoe kidney showing hydroureteronephrosis from a neo-
nate with trisomy 18 and multiple congenital anomalies.

Fig. 1.29 Horseshoe kidney as an incidental autopsy finding in an adult.
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Simple Hypoplasia
Simple hypoplasia is a rare, usually bilateral, and often nonheredi-
tary disease in which the small size of the kidney usually reflects a
marked reduction in the number of renal lobes.70 Frequently only
one to five lobes are present (Fig. 1.31). Dysplastic elements, by
definition, are absent. When the condition is unilateral, the con-
tralateral kidney may be hypertrophied. When it is bilateral, the
small kidneys may eventually fail to provide renal function with
body growth, and renal failure and nephron sclerosis may develop,
the onset of which is determined by the degree of hypoplasia.

Oligomeganephronia
Oligomeganephronia may be the most common form of renal
hypoplasia. It is a bilateral, nonhereditary disorder.71-76 Most cases
are sporadic; however, few associations have been described with
mutations in transcription factors involved in renal development
including PAX2, HNF1B, and SIX.77-79 The kidneys are small
because of a reduction in the number of renal lobes and the number

of nephrons within each lobe. Microscopically, the nephrons pre-
sent are tremendously enlarged (Fig. 1.32). Glomerular and tubu-
lar volumes have been measured to be 12 times and 17 times
normal, respectively.

Children with oligomeganephronia present with a concentra-
tion defect causing polyuria, polydipsia, and salt wasting, resem-
bling patients with nephronophthisis. Renal insufficiency and
proteinuria gradually develop with body growth as progressive glo-
merular and tubulointerstitial scarring occur. The absence of a fam-
ily history of renal disease, the presence of proteinuria, and imaging
studies revealing symmetrically small noncystic kidneys usually
permit separation from nephronophthisis.

Cortical Hypoplasia
Cortical hypoplasia is a type of hypoplasia not generally recognized;
it does not appear in standard texts of urologic pathology. Exam-
ples of cortical hypoplasia, however, are amply demonstrated in the
Atlas of Medical Renal Pathology by Bonsib.70 Cortical hypoplasia
refers to a reduction in the number of nephron generations that
results in cortical thinning, reduction in overall renal size, and, if
severe, a clinically significant reduction in nephron endowment,
a major risk factor for hypertension and renal insufficiency.80-82

The “normal” number of generations ranges from 10 to 14,
although rarely are more than 9 to 10 generations evident even
in a well-oriented section. Determination of nephron generations
is best performed with a nephrectomy specimen with sections

Fig. 1.30 Morphologic variants of supernumerary kidneys with bifid ureters (A) and separate ureters (B). (From N’Guessan G, Stephens FD. Supernumerary
kidney. J Urol 1983;130:651; with permission.)

TABLE 1.7 Types of Renal Hypoplasia

Simple hypoplasia
Oligomeganephronia
Cortical hypoplasia
Segmental hypoplasia/Ask-Upmark kidney
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oriented along medullary rays. Nephron generation counting is
admittedly imprecise. However, if there is a 50% reduction in
nephron generations, that is, four to five generations in a properly
oriented section, then the reliability of this assessment is reasonable
(Fig. 1.33). This form of hypoplasia may coexist with other forms
of hypoplasia, especially Ask-Upmark segmental hypoplasia.

Segmental Hypoplasia (Ask-Upmark Kidney)
Segmental hypoplasia may manifest in neonates or adults and is
often associated with hypertension.83-87 There is widespread agree-
ment that vesicoureteral reflux is the fundamental injury. Some
investigators regard it as an acquired lesion because its evolution
over time has been radiographically documented in a few cases.
Others agree with reflux-related injury but believe that most cases
are developmental in origin secondary to in utero reflux that

damages the developing renal lobe. That this condition often man-
ifests in neonates and children supports a developmental basis. Fur-
thermore, it is associated with renal vascular anomalies in 40% of
cases and may be coexistent with lobes that show cortical hypopla-
sia. Segmental hypoplasia is defined as a small kidney with a deep
cortical groove and dilatation of adjacent calyx (Fig. 1.34A).
Microscopic features include sharply delineated cortical lesions
(Fig. 1.34B). The cortex contains few tubules, with no or only rare
glomeruli. There is little or no inflammation, nor is glomerulo-
sclerosis or tubular atrophy present to indicate a regressive lesion.
Finally, the kidney should have no evidence of metanephric dys-
genesis. The medulla is characteristically absent. If present it
may be rudimentary or flattened, with no loops of Henle, and
may contain a distinctive cellular interstitial mesenchymal tissue
not present in the normal renal pyramid.

Renal Agenesis
Absence of the kidney and its corresponding ureter is known as
renal agenesis (Table 1.8).88-94 The corresponding bladder hemi-
trigone is also absent because it represents the distal continuation of
the ureteral smooth muscle (Fig. 1.35).90 Failure to identify a kid-
ney in a child or an adult does not prove congenital absence of the
kidney because cystic dysplastic kidneys identified in newborns
have been shown radiographically to regress further over time
and may become undetectable.95

Unilateral Renal Agenesis
In unilateral renal agenesis the contralateral kidney may be hyper-
trophic up to twice the normal size. The overall renal function may
be normal, and the condition may be entirely asymptomatic
(Fig. 1.27). Several genetic and environmental factors have been
associated with an increased risk, such as African American race,
maternal diabetes mellitus, and maternal age younger than
18 years.93 In up to 70% of patients, renal agenesis is associated
with additional anomalies, most often affecting the genital
tract.90,91,93-97 This presumably reflects a common abnormality
affecting development of both the mesonephric duct– and
M€ullerian duct–derived structures. Female genital anomalies
include absence of the ipsilateral fallopian tube, uterine horn,
and proximal vagina or uterine didelphia or vaginal septum. Male

Fig. 1.31 (A) This 3-cm hypoplastic kidney was from a 2-year-old child with a contralateral duplex kidney. It appears to have only five lobes. (B) This 5.5-cm
hypoplastic kidney was from an adult with a 13.5-cm hypertrophic contralateral kidney.

Fig. 1.32 Oligomeganephronia in a 22-month-old child. This markedly
enlarged glomerulus is twice the normal diameter. Notice the numerous
capillary loops, far more than in a normal glomerulus.
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genital anomalies may include absence of the ipsilateral epididymis,
vas deferens, or seminal vesicle, or a seminal vesicle cyst may be
encountered. Identification of a patient with a unilateral genital
anomaly or renal agenesis should therefore prompt evaluation of
the other organ system.

Bilateral Renal Agenesis (Potter Syndrome)
Bilateral renal agenesis is a uniformly fatal disorder known as Potter
syndrome (Fig. 1.36). Both ureters are also absent, so the bladder

has no ureteral orifices.89 Approximately 40% of affected fetuses
are stillbirths, and those born alive die of pulmonary failure within
48 hours. Mothers present with severe oligohydramnios because
fetal urine normally accounts for most of the amniotic fluid in
the second half of gestation. Oligohydramnios impairs pulmonary
development that results in pulmonary hypoplasia and produces a
variety of distinctive gross features known as the Potter phenotype
or oligohydramnios phenotype (Table 1.9).98-100 Figs. 1.37 and
1.38 demonstrate some of the characteristic facial and placental

Fig. 1.33 (A) Cortical hypoplasia in a newborn kidney. Two medullary rays are visible. The renal medulla is at the bottom, and the renal capsule is at the top.
Only three or four nephron generations are present. (B) This is an adult kidney with cortical hypoplasia. The medulla is at the bottom, and the renal capsule is at
the top. Only two or three nephron generations are present.

Fig. 1.34 (A) This is a bivalved Ask-Upmark segmental hypoplasia kidney showing the deep linear groove with approximation of the renal capsule and a dilated
calyx. (B) The cortical groove in the Ask-Upmark kidney shows an abruptly delineated lesion with dilated veins and complete absence of normal nephrons and
atrophic nephrons. (A, Courtesy of The Jay Bernstein, M.D. Consultative Collection, Nephropath, Little Rock, AR.)
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findings. Some urologists refer to any fetus born with the oligohy-
dramnios phenotype as having Potter syndrome, rather than reserv-
ing the term for the entity of bilateral renal-ureteral agenesis as
initially described. This can be confusing because oligohydramnios
has other causes (Table 1.10).98

Syndromic Renal Agenesis
Many syndromes are characterized by absence of one kidney or,
rarely, both kidneys as a component of a constellation of congenital
anomalies.101-105 The list includes chromosomal anomalies, several
malformation syndromes, and multiple malformation events
affecting the gastrointestinal, cardiac, central nervous system, or
skeletal system that do not conform to a specific syndrome. Finally,
renal agenesis may also occur in a familial disorder with renal
dysplasia (see Hereditary Renal Adysplasia section later in this
chapter).106-109 In each disorder, identification of extrarenal com-
ponents and a detailed family history are essential for proper clas-
sification and appropriate genetic counseling. The extrarenal
anomalies are responsible for many complications and for the lethal
nature of many of the syndromes.

Renal Dysplasia
A dysplastic kidney is a metanephric structure with aberrant
nephronic differentiation.27,42-45,110-116 The term dysplasia is used
in a developmental sense and does not connote any relationship
with neoplasia. Dysplastic kidneys should not be confused with
hypoplastic kidneys, which are small but have normal nephron

TABLE 1.8 Renal Agenesis

Sporadic forms of renal agenesis
Unilateral renal agenesis
Bilateral renal agenesis (Potter syndrome)

Syndromic and hereditary renal agenesis
Chromosomal anomalies (trisomy 13 and 18)
VATER association
M€ullerian aplasia syndrome (MURCS syndrome)
Sirenomelia (caudal regression syndrome)
Cloacal exstrophy
Fraser syndrome
Williams syndrome
Multiple malformation syndromes, not otherwise specified
Hereditary renal adysplasia

MURCS, M€ullerian duct aplasia or hypoplasia, unilateral renal agenesis, and cervicothoracic
somite dysplasia; VATER, vertebral defects, imperforate anus, tracheoesophageal fistula, radial
and renal dysplasia.

Fig. 1.35 This bladder has an absent left hemitrigone in an adult with a spo-
radic form of unilateral renal agenesis. The right hemitrigone with its ureteral
orifice is indicated by an arrowhead.

Fig. 1.36 This is the third consecutive fetus affected with bilateral renal-
ureteral agenesis in a family with familial renal adysplasia. The small and large
bowels have been removed to reveal the adrenal glands. Both kidneys
are absent.

TABLE 1.9 Oligohydramnios Phenotype

Potter facies
Increased interocular distance
Broad, flattened nose
Prominent inner canthic folds (sweeping downward and laterally)
Receding chin
Large, low-set ears with little cartilage
Positional deformities (flexion of hips and knees, clubbed feet)
Dry skin
Hypoplastic lungs
Small bladder with absent trigone
Placenta: amnion nodosum
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Fig. 1.37 An infant born with oligohydramnios and the characteristic Potter facies in anterior (A) and lateral (B) views.

Fig. 1.38 (A) Placenta with plaques of amnion nodosum (arrows). (B) Plaques of amnion nodosum contain clumps of fetal squames embedded in dense
collagen.
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development, or with polycystic kidney diseases, which although
cystic do not contain dysplastic elements. Dysplastic kidneys are,
by definition, maldeveloped (Figs. 1.39 to 1.41). They are usually
not reniform, can vary greatly in size and appearance, and occur in
several patterns: unilateral, bilateral, or confined to the upper pole
of a duplex kidney (Table 1.11). Approximately 90% of cases have
a ureteral abnormality or are associated with distal obstruction
resulting in ureteral stenosis or dilation and megacystis or bladder
hypertrophy. Renal dysplasia most commonly is sporadic, but it
may be familial, part of a multiple malformation complex, or a
component of a hereditary malformation syndrome
(Table 1.12). Table 1.13 and Fig. 1.39 compare the major ana-
tomic and clinical features of renal dysplasias with the autosomal
recessive polycystic kidney disease (ARPKD) and ADPKD dis-
cussed in the following sections.

Dysplastic kidneys vary tremendously in gross appearance, rang-
ing from the large multicystic kidney to the small aplastic kidney
(Fig. 1.39).70 The typical multicystic kidney is composed entirely
of variably sized cysts and is the most common cause of a unilateral
renal mass in a child (Fig. 1.40). The cysts contain serous fluid.
Typically, there is no corticomedullary differentiation, and a

collecting system is often absent (Fig. 1.41). The typical aplastic
dysplasia is tiny and contains no cysts or only microscopic cysts
(Fig. 1.39). Corticomedullary differentiation and a collecting sys-
tem are again absent. The multicystic and aplastic dysplasias repre-
sent extremes of a morphologic continuum differing only in the
extent of cyst formation. Intermediate forms commonly occur.
Most often renal dysplasia is a unilateral process, and the

TABLE 1.10 Causes of Oligohydramnios

Major causes
Potter syndrome (bilateral renal agenesis)
Bilateral renal dysplasia
Distal (complete) urinary tract obstruction

Rare causes
Autosomal recessive polycystic kidney disease
Glomerulocystic kidney disease
Renal tubular dysgenesis
Chronic amniotic fluid leak
In utero acute renal failure
Idiopathic conditions

Fig. 1.39 Autosomal recessive polycystic kidney (upper left), autosomal
dominant polycystic kidney (upper right), and three forms of renal dysplasia:
aplastic dysplasia from a 35-year-old patient, multicystic dysplasia from a
neonate, and bilateral dysplasia associated with lower tract obstruction
(lower left).

Fig. 1.40 This is the external appearance of a typical multicystic dysplastic
kidney. It is markedly enlarged and diffusely cystic with cysts of variable size.

Fig. 1.41 Transverse section of a typical multicystic dysplastic kidney. There
is no discernible normal architecture, and no corticomedullary junction or
collecting system is seen. The parenchyma is composed solely of cysts
and nondescript connective tissue.

TABLE 1.11
Renal Dysplasias: Gross Variations and
Clinical Associations

Multicystic and aplastic dysplasia
Segmental dysplasia
Dysplasia associated with lower urinary tract obstruction
Dysplasia associated with malformation syndromes
Hereditary adysplasia and urogenital adysplasia
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contralateral kidney is normal or larger than normal. When multi-
cystic dysplasia or aplastic dysplasia is bilateral, the neonate presents
with a Potter phenotype and dies of pulmonary hypoplasia.

The histologic appearance of a dysplastic kidney can also be quite
varied.106-109,111,113-115 The kidney may be composed entirely of
large cysts with little or no metanephric tissue represented
(Fig. 1.42). The cysts are of variable size and usually lined by flat-

TABLE 1.12
Multiple Malformation Syndromes
in Which Renal Dysplasia May Occur

Common occurrence
VATER (VACTERL) association
MURC syndrome
Prune-belly syndrome
Caudal regression syndrome
Cloacal exstrophy
Urogenital sinus syndrome
Urorectal septum syndrome sequence
Meckel-Gruber syndromea

Dandy-Walker syndromea

Short rib–polydactyly syndromea

Elejalde syndrome

Occasional occurrence
Trisomy C
Trisomy 13
Trisomy 18
Persisting mesonephric duct syndrome
Zellweger syndromea

Jeune syndromea

Smith-Lemli-Opitz syndromea

Beckwith-Wiedemann syndromea

Laurence-Moon-Bardet-Biedl syndromea

MURC, M€ullerian duct aplasia or hypoplasia, unilateral renal agenesis, and cervicothoracic
somite dysplasia; VACTERL, vertebral, anal, cardiac, tracheal, esophageal, renal, limb; VATER,
vertebral defects, imperforate anus, tracheoesophageal fistula, radial and renal dysplasia.
aAutosomal recessive inheritance.

TABLE 1.13 Comparison of Renal Agenesis, Hypoplasia, and Dysplasia

Agenesis/Aplasia Hypoplasia Dysplasia

Definition Agenesis: no kidneys
Aplasia: rudimentary kidneys

Small, architecturally normal kidneys, weight <50% expected;
decreased number of nephrons (<2 SD normal)

Architecturally abnormal kidney
with immature nephrons

Incidence Unilateral: 1:1000
Bilateral: 1:10,000

Unilateral: 1:1000
Bilateral: 1:4000

Unilateral: 1:7500
Bilateral: 1:7500

Etiology Defect in formation of Wolffian
duct and/or ureteric bud

Slow induction or incorrect position of ureteric bud, decreased
branching

Defective branching

Clinical
presentation

Unilateral: M ¼ F; may be
asymptomatic, risk of FSGS
Bilateral: M > F; perinatal death

May be asymptomatic (if unilateral) or symptomatic:
• Failure to thrive
• Hypertension
• Salt wasting
• Excessive thirst

May be asymptomatic (if
unilateral) or symptomatic:
• Failure to thrive
• Hypertension
• Salt wasting
• Excessive thirst

Radiologic
features

Absent kidney Small kidney Small kidney with
noncommunicating
hypoechogenic cysts

Gross
appearance

No kidneys
Earlobe-shaped, elongated
adrenals

Small kidneys
Decreased number of pyramids

Nonreniform, multicystic mass
Small, normal, or large size

Microscopic
features

Normal or compensatory
hypertrophy in unilateral agenesis

• Normal organization
• Large nephrons in oligomeganephronia

• Disorganized parenchyma
• Immature glomeruli and tubules
• Smooth muscle collarettes
• Metaplastic cartilage (30%)

F, Female; FSGS, focal segmental glomerulosclerosis; M, male; SD, standard deviation.

Fig. 1.42 Dysplastic kidney composed of cysts, dysplastic ducts, and a few
primitive tubules.
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tened cells. Immature or dysplastic ducts are commonly present.
They are lined with columnar epithelium and surrounded by collars
of spindle cells that express estrogen receptor and/or progesterone
receptor (Fig. 1.43). Immature-appearing cartilage may be also pre-
sent but is far less frequent than dysplastic ducts (Figs. 1.43B and
1.44A). The dysplastic ducts are thought to originate from the
ampullary bud, whereas the immature cartilage is regarded as blas-
temal derived.107 Immature tubules and aberrantly formed glomer-
uli may be present, or relatively normal-appearing tubules and well-
formed glomeruli may be present but not sufficiently organized to
contribute appreciably to renal function (Fig. 1.44).

Occasionally an infant presents with renal insufficiency and small
reniform kidneys with normal ureters and pelves. Simple hypoplasia
may be suspected, but biopsy reveals an admixture of normal

nephrons and aberrantly formed nephrons with microcysts and car-
tilage or dysplastic ducts. The renal prognosis is bleak, and the infant
usually develops progressive renal failure with further growth.110

Segmental forms of dysplasia occur in kidneys with duplication
of the collecting system (duplex kidney).93,101 Usually the duplica-
tion is complete with two separate ureters. The upper pole moiety
is affected, and histologic examination shows the same range of
aberrant nephrogenesis encountered in aplastic and multicystic
dysplasia (Fig. 1.45). The upper pole ureter is usually ectopic, in
a more cranial or caudal location relative to the normally situated
lower pole ureter. The incidence and severity of dysplasia increase
with the severity of the ectopia.106,109

Bilateral renal dysplasia can be associated with distal obstruction
resulting from urethral stenosis, posterior urethral valves, or

Fig. 1.43 (A) This dysplastic kidney contains large cysts and numerous dysplastic tubules with collarettes of spindle cells. (B) This dysplastic kidney contains
numerous dysplastic tubules with collarettes of spindle cells and an island of immature cartilage in the center.

Fig. 1.44 (A) Renal dysplasia showing a portion of a cyst with several islands of immature cartilage, scattered tubules, and abnormally formed glomeruli.
(B) This dysplastic kidney has microcysts (at least one is a glomerular cyst), small tubules, and atubular glomeruli.
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bladder neck obstruction. This form of dysplasia may have a dis-
tinctive gross appearance. The kidneys are typically reniform,
and they may be large or small, but they often show corticomedul-
lary differentiation. The bladder is either hypertrophic or greatly
dilated, and the ureters are dilated and tortuous (Figs. 1.39 and
1.46A). There may be a severe degree of dysplasia with scant
nephronic elements (Fig. 1.46B) or only a peripheral zone of dys-
plastic elements with normal deeper nephrons.

Renal dysplasia may develop in many multiple malformation
syndromes, chromosomal anomalies, and hereditary malformation
syndromes (Table 1.12).70 When multiple malformations are
encountered in a pediatric autopsy, it is important to obtain tissue
for karyotype or genetic analysis, and to meticulously document all
anomalies. Consultation with specialists in pediatrics and genetics
is advisable to provide the proper classification of the disease so that
appropriate family counseling can be provided.

The major features of renal aplasia, hypoplasia, and dysplasia are
compared in Table 1.13. Multicystic dysplasia, aplastic dysplasia,
and renal agenesis are the most severe forms of metanephric

maldevelopment. When they are not associated with extrarenal
anomalies of a multiple malformation syndrome, they usually
are sporadic events with low risk of a subsequently affected sibling.
Rarely, however, renal agenesis or renal dysplasia, either unilateral
or bilateral (Figs. 1.39 and 1.47), or combined agenesis and dys-
plasia may be familial (usually autosomal dominant). This is

Fig. 1.45 Segmental form of renal dysplasia in a fetal duplex kidney. To the
left is the dysplastic upper pole. To the right is the normally developing
lower pole.

Fig. 1.46 (A) Renal dysplasia associated with urinary tract obstruction. These small kidneys have numerous small cysts and markedly dilated ureters. (B)
Cortical medullary development is present, but few differentiated nephron elements.

Fig. 1.47 Hereditary renal adysplasia with unilateral multicystic dysplasia
and contralateral renal agenesis shown in situ.
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known as hereditary renal adysplasia.101-105 There also may be con-
comitant malformation of M€ullerian structures, a condition
referred to as hereditary urogenital adysplasia.87 Unfortunately,
neither syndrome can be anticipated until a second family member
is identified with either agenesis or dysplasia.

Polycystic Kidney Disease
Autosomal Recessive Polycystic Kidney Disease
Autosomal recessive polycystic kidney is a rare disorder that occurs
in 1 in 20,000 to 50,000 births (Table 1.14). In ARPKD, parents
lack the disease and 25% of siblings are affected.117-124 It is asso-
ciated with mutations of the polycystic kidney and hepatic disease 1
(PKHD1) gene, on chromosome 6p12.117-126 The product of this
gene, fibrocystin/polyductin, localizes to the primary cilium and
centrosome of renal tubule epithelial cells. Organogenesis in
ARPKD appears normal based on microdissection studies of severe
neonatal forms.33 The primary lesion is fusiform ectasia of cortical
and medullary collecting ducts, eventually leading to renal failure
in severely affected cases. The renal lesion is accompanied by a bile
duct plate malformation that develops into congenital hepatic
fibrosis in surviving older patients.

Recessive polycystic kidney disease was originally believed to be
an invariably lethal neonatal disorder. Observation of some
patients who survived into childhood prompted Blyth and Ocken-
den to propose a classification of patients into perinatal, neonatal,
infantile, and juvenile forms.119 These forms vary in the degree of
cyst formation. Although conceptually useful, it is often difficult to
place a patient into a given category. More than 100 mutations of
the PKHD1 gene have been identified that account for the clinical
spectrum.118,120,123 The most severe neonatal cases manifest with
pulmonary hypoplasia secondary to the massive renal enlargement
that compromises pulmonary development. It appears that as the
extent of cyst formation decreases, the child has better pulmonary
development and a greater likelihood of survival. Unfortunately,
with increasing duration of survival there is worsening of the liver
disease that may culminate in congenital hepatic fibrosis.55,127 If
one examines the kidneys of children with congenital hepatic fibro-
sis, two-thirds have a concentrating defect and have some degree of
medullary cyst formation, findings indicating that ARPKD and
congenital hepatic fibrosis are different manifestations of a single
entity.

Most cases of ARPKD result in stillbirth, early neonatal death,
or end-stage kidney disease by age 20 years. Affected neonates have

massively enlarged and diffusely cystic kidneys that produce
abdominal distention and compress thoracic organs
(Fig. 1.48A). The lungs cannot develop normally, and death results
from pulmonary hypoplasia. Despite the impressive cyst forma-
tion, the kidneys may be functional. If they are nonfunctional, oli-
gohydramnios and a Potter phenotype may develop.

In severe cases, the cysts extend throughout the cortex and
medulla in a distinctive radiating pattern imparting a spongy qual-
ity (Fig. 1.48B). Histologically, the cysts consist of dilated collect-
ing ducts lined with uniform cuboidal cells (Figs. 1.49 and 1.50).
The nephrons between the collecting ducts appear normal.

The liver in patients dying in the neonatal period shows portal
bile duct proliferation that assumes a distinctive dilated and irregular
branched pattern of anastomosing channels at the periphery of portal
triads (Fig. 1.51). There is an increase in the size of portal areas with
increased fibrous tissue. In older patients, congenital hepatic fibrosis
develops, resulting in portal hypertension and hepatosplenomegaly.

In less severely affected kidneys of older children the appearance
is variable, and the diagnosis may be less obvious. The kidneys are
smaller, and the cysts are fewer. Medullary cysts are always present
and tend to be elongated. Cortical cysts if present are often
rounded and variably distributed (Fig. 1.52). The parenchyma
adjacent to the cysts eventually develops atrophic changes with
tubulointerstitial scarring and glomerulosclerosis. These features
may create a resemblance to ADPKD. The presence of the liver
lesion of congenital hepatic fibrosis therefore is a useful diagnostic
feature. However, many diseases may be associated with renal cysts
and liver disease, and awareness of additional anomalies is required
for proper classification (Table 1.15).55,114

Autosomal Dominant Polycystic Kidney Disease
ADPKD is the most common cystic kidney disease and the most
common genetically transmitted renal disease.128-136 It occurs with
an estimated frequency of between 1:500 and 1:1000 (Table 1.14).
It is the fourth leading cause of end-stage renal disease, and affected
patients comprise 5% to 10% of patients treated with dialysis.
Although patients vary greatly in the age of onset of symptoms,
most present in their third to fifth decade of life. Penetrance is
nearly 100% if the individual survives to 80 years. Approximately
25% of affected patients lack a family history and presumably rep-
resent a new mutation. The disease results from mutations of
PKD1 and PKD2 that localize to chromosome 16 in 90% of
patients and to chromosome 4 in 10%, respectively. The gene
product of PKD1 is polycystin-1, a transmembrane glycoprotein
involved in cell signaling. PKD2 encodes for polycystin-2, a mem-
ber of the transient receptor potential channel superfamily of non-
selective cation channels.

Patients with ADPKD present with a variety of symptoms,
most referable to the urinary tract. Chronic flank pain is the most
common and correlates with renal weight and cyst size greater than
3cm. Acute flank pain often reflects hemorrhage into a cyst.
Hematuria is the second most common symptom. This may be
gross, resulting in clot formation and urinary tract obstruction.
Hypertension often develops early in the disease, and activation
of the renin-angiotensin system secondary to intrarenal vascular
occlusion by expanding cysts has been implicated. Urinary tract
infection develops in 50% to 75% of patients and affects women
more often than men. The infection may be confined to the col-
lecting system or a cyst, or it may involve the parenchyma. Peri-
nephric extension with abscess is a serious complication with a
60% mortality rate. Urate or calcium oxalate nephrolithiasis
develops in 10% of patients. Extrarenal complications related to

TABLE 1.14
Comparison of Major Cystic Kidney
Diseases

Dysplasia ARPKD ADPKD

Incidence 1:1000-2000 1:50,000 1:500-1000
Bilateral +/� + +
Segmental +/� � �
Ureter abnormal + � �
Reniform shape +/� + +
Uniform cysts � + �
Liver abnormal +/� + +
Other malformations +/� � �
ADPKD, Autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive
polycystic kidney disease.
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hypertension and berry aneurysms develop in 5% to 15%. Infec-
tion and cardiovascular disease represent the most common causes
of death.135,137

Early in the disease (Fig. 1.53), the kidney may appear nearly
normal with only scattered cysts in the cortex and medulla, and

Fig. 1.49 The cortical cysts in autosomal recessive polycystic kidney dis-
ease are elongated and lined by cuboidal epithelium. Normally formed neph-
ron elements are between the cysts.

Fig. 1.48 (A) Autosomal recessive polycystic kidney disease showingmassive kidneys that distend the abdomen, elevate the diaphragm, and compromise the
thoracic cavity. (B) The bivalved kidney has a reniform shape and a normal collecting system. The cortex and medulla contain diffuse, relatively uniform cysts.

Fig. 1.50 The medullary cysts in autosomal recessive polycystic kidney dis-
ease are also lined with uniform cuboidal epithelium.
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normal intervening parenchyma. The cysts initially are small and
develop in only about 1% of nephrons. Microdissection studies
have shown that the cysts develop in all segments of the neph-
ron.132 Scanning electron microscopy and immunohistochemistry
of cyst lining cells have confirmed these observations.138

As the disease progresses, the cysts grow in size and number,
with resulting massive renal enlargement (Fig. 1.54). The cysts
range in size from a few millimeters to several centimeters, and cyst
contents vary from transparent to opaque to hemorrhagic fluid.
Most cysts are lined with a single layer of flattened to cuboidal epi-
thelium (Fig. 1.55). Hyperplastic foci or polyp formation are
detectable in some cysts (Fig. 1.56).139,140 The cyst contents
may be proteinaceous or include red cells or calcific deposits.
The intervening parenchyma shows interstitial fibrosis with a lym-
phoid infiltrate, tubular atrophy, and glomerular and vascular scle-
rosis. Despite the cystic transformation, the kidneys retain a
reniform shape and preserve their collecting systems.

Fig. 1.51 The liver in perinatal autosomal recessive polycystic kidney dis-
ease showing the irregular branched architecture of the portal bile ducts
and portal fibrosis.

Fig. 1.52 This is an example of the infantile form of autosomal recessive
polycystic kidney disease in a 4-year-old child. Collecting duct ectasia is less
prominent. Interstitial fibrosis is developing.

TABLE 1.15
Cystic Renal Disease Associated with
Congenital Hepatic Fibrosis or Biliary
Cysts

Autosomal recessive polycystic kidney disease
Autosomal dominant polycystic kidney disease
Nephronophthisis
Joubert syndrome
Bardet-Biedl syndrome
Meckel-Gruber syndromea

Oral-facial digital syndrome
Glomerulocystic kidney disease
Zellweger syndromea

Ivemark syndromea

Chondrodysplastic syndromesa

Trisomy Ca

Trisomy Da

aAdditional malformations are present.

Fig. 1.53 Infantile onset of autosomal dominant polycystic kidney disease at
age 7 years with a largely intact cortex and several cysts.

Fig. 1.54 Transverse section of an advanced-stage autosomal dominant
polycystic kidney disease kidney. Both the cortex and the medulla are
replaced by cysts.
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Cystic Diseases (Without Dysplasia)
in Hereditary Syndromes
Nephronophthisis
Nephronophthisis is an autosomal recessive tubulointerstitial
nephropathy in which cysts often develop. It inevitably leads to
end-stage kidney disease.53,141-146 The first description of nephro-
nophthisis was by Smith and Graham in 1945, who used the term
medullary cystic disease to highlight the grossly visible medullary
cysts.141 Fanconi, in 1951, coined the term juvenile familial
nephronophthisis in reference to its histologic outcome; nephro-
nophthisis is Greek for “disintegration of nephrons.” Most reports
of nephronophthisis that appeared before the 1990s combined the

two entities into the medullary cystic disease/juvenile nephronophthi-
sis complex because of their morphologic similarities, a practice no
longer appropriate considering differences in genetics and patho-
genesis. Nephronophthisis is autosomal recessive and a ciliopathy,
whereas medullary cystic kidney disease, now referred to as auto-
somal dominant tubulointerstitial disease (ADTID), is autosomal
dominant and is not a ciliopathy as discussed later.141,143-157

There are three clinical phenotypes of nephronophthisis that are
distinguished by age of onset: infantile, juvenile, and adolescent
forms. Affected individuals present with polyuria and polydipsia
resulting from salt wasting, a concentration defect, anemia dispro-
portionately severe for the level of renal insufficiency, and growth
retardation. Although fundamentally a tubulointerstitial disease,
15% of patients have extrarenal components: retinal dystrophy
(Senior-Loken syndrome), oculomotor apraxia (Cogan syndrome),
situs inversus (infantile nephronophthisis), and rarely, congenital
hepatic fibrosis.53,141-146,149

Twenty mutated genes have been identified in nephronophthi-
sis that encode for proteins expressed in the primary cilium, cen-
trosome, and cell junctions of renal epithelial cells. These
mutations, however, account for only 30% of nephronophthisis
cases. Most mutations are responsible for some of the juvenile
and adolescent forms, whereas NPHP2 and occasionally NPHP3
mutations are responsible for the infantile form. The juvenile
and adolescent forms cannot be histologically distinguished. How-
ever, the infantile form has several distinctive features.

The kidneys in nephronophthisis are normally developed at
birth. Cyst formation occurs in approximately 70% of patients
but is usually delayed until advanced or end-stage disease develops.
Sequential imaging shows that most patients lack cysts at presen-
tation but many subsequently develop cysts, and that cyst fre-
quency and size increase over time. Therefore early in the
disease no cysts may be detectable to assist in the diagnosis.

Kidney size in the juvenile and adolescent forms is usually nor-
mal or smaller than normal. When cysts develop, they congregate
at the corticomedullary junction and may range from 1 to several

Fig. 1.55 Advanced autosomal dominant polycystic kidney disease from an
adult with chronic renal failure shows severe interstitial scarring with calcifi-
cations and cysts that contain proteinaceous fluid.

Fig. 1.56 Papillary tufts lining a cyst in autosomal dominant polycystic kidney disease (A and B).
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centimeters in diameter (Fig. 1.57). In the infantile form the kid-
neys may be larger than normal because cyst formation occurs ear-
lier in the disease, before contraction from tubulointerstitial
scarring. If cysts develop they may involve the medulla but gener-
ally are cortical in location.

The primary histologic findings in nephronophthisis are non-
specific, so complete laboratory and clinical data are necessary.
The juvenile and adolescent forms show a radial distribution of
cortical injury with atrophic zones that alternate with zones of nor-
mal or hypertrophied tubules largely localized to medullary rays
(Fig. 1.58A). Before end-stage renal disease the tubulointerstitial
injury exceeds the extent of glomerulosclerosis, thus implicating
a primary tubulointerstitial process (Fig. 1.58A). The tubules have
an irregular profile sometimes described as figure-eight or
T-shaped because of the tubule diverticula, particularly numerous
in the limbs of Henle. Many small “cysts” are not true cysts but are
localized segments of tubular dilatation with patent afferent and
efferent tubule connections.155

The irregularly shaped atrophic tubules show prominent multi-
layering of their tubular basement membranes, or the tubule base-
ment membranes may range from thick and irregular, to thin and
attenuated, to segmental absence of basement membrane
(Fig. 1.58B). Dense interstitial fibrosis is present often with a
prominent lymphoid cell infiltrate. Periglomerular fibrosis is a
common finding, as it is in other chronic inflammatory interstitial
diseases. As the tubulointerstitial disease progresses, glomeruli
undergo sclerosis. Advanced cases show marked fibrointimal thick-
ening of arteries and medial hypertrophy.

Medullary cysts, when present, arise from the loops of Henle
and collecting ducts. The cyst cell lining is variable. A cuboidal cell
lining is present in small cysts, but large cysts may have a flattened,
nondescript cell lining surrounded by a rim of dense fibrous tissue.
Medullary inflammation is not usually present.

In the infantile form of nephronophthisis the cysts affect
tubules, predominantly distal tubules and collecting ducts, in
the form of tubular dilation or ectasia (Fig. 1.59). Macrocystic dila-
tion of tubules occurs and may be visible grossly. The ectatic and
grossly cystic tubules are lined by cuboidal to columnar epithelium
typical of distal tubules and collecting ducts. The tubules between
the cysts may be normal or atrophic. Atrophic tubules are small and
lined by inconspicuous cuboidal epithelium with thin tubular
basement membranes that lack the irregular basement membrane
multilayering of the juvenile and adolescence forms. Glomeruli
may develop microcysts in which the Bowman capsule is enlarged
two to three times normal. Although mild interstitial inflammation
occurs, it is usually less than in the juvenile and adolescent forms.

Autosomal Dominant Tubulointerstitial Disease
ADTID, previously referred to as medullary cystic kidney disease
(MCKD), is like nephronophthisis, a chronic progressive tubuloin-
terstitial disease in which cysts may develop. It is a rare disease pri-
marily of adults, but the age of onset overlaps with older patients
with nephronophthisis.151,158-169 There are four known causes of
ADTID due to mutation of uromodulin (UROM; Tamm-Horsfall
glycoprotein), mucin 1 (MUC1; epithelial membrane antigen),
renin (REN), and hepatocyte nuclear factor 1β (HNF1B;

Fig. 1.57 Whole-mount kidney in nephronophthisis showing outer medullary
cysts. The cortex has advanced scarring and scattered small cysts in the deep
cortex. (Courtesy of The Jay Bernstein, M.D. Consultative Collection.)

Fig. 1.58 (A) Nephronophthisis showing a chronic interstitial nephritis. Although there is periglomerular fibrosis the glomeruli otherwise are intact,
associated with severe chronic tubulointerstitial injury. (B) The atrophic tubules typically show basement membrane multilayering (Jones methenamine
silver stain). (A and B, Courtesy of The Jay Bernstein, M.D. Consultative Collection.)
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Table 1.16). One or more additional mutations remain to be iden-
tified. The recommended terminology for these diseases is UROM
kidney disease, MUC1 kidney disease, REN kidney disease, and
HNF1B kidney disease.

Most patients present in the third to fourth decade of life with
polyuria and polydipsia as a result of salt wasting and a concentra-
tion defect (Table 1.16). They progress to end-stage disease, usu-
ally by the fourth to seventh decade, although the rate of
progression varies within and between affected families. Hyperuri-
cemia and gout are common, especially in UROM and REN kid-
ney disease. REN kidney disease patients have anemia refractory to
treatment, hyperkalemia, and often low BP.

The kidneys in ADTID may be enlarged if cysts are prominent.
Although medullary cysts are common, they are usually present in
small numbers and develop late in the disease. Within a family not
all affected individuals have cysts. The cysts congregate at the cor-
ticomedullary junction and can be several centimeters (Fig. 1.60A).
Microscopically, all four ADTIDs show a nonspecific chronic
interstitial nephritis with tubular atrophy, interstitial fibrosis,
and periglomerular fibrosis similar to nephronophthisis. If cysts
are present, they are lined with a flattened to cuboidal epithelium.
UROM kidney disease contains uromodulin intracellular

aggregates in thick ascending limb of Henle cells (Fig. 1.60B).
REN kidney disease shows reduced to absent renin staining in cells
of the juxtaglomerular apparatus. MUC1 and HNF1B kidney dis-
ease have no defining histologic findings. However, patients with
HNF1B kidney disease often have congenital anomalies of the kid-
ney and/or lower urinary tract.78,170

Von Hippel–Lindau disease
VonHippel–Lindau disease is an uncommon autosomal dominant
disorder due to germline mutation of the VHL gene in which renal
and extrarenal cysts and neoplasms develop.171 The extrarenal
manifestations include retinal, cerebellar, and spinal hemangioblas-
tomas, pheochromocytoma, epididymal and pancreatic cysts, and
cystadenomas. The renal manifestations consist of multiple and
bilateral cysts that develop in 75% of patients, and renal cell car-
cinomas, often bilateral and multicentric, that develop in approx-
imately 50% of patients (Fig. 1.61).172-176 The mutant VHL gene
has been localized to chromosome 3p25, adjacent to the gene
implicated in development of sporadic clear cell renal cell
carcinoma.172,174,175

The renal cysts are lined with glycogen-rich cells like those of
grade 1 to 2 clear cell renal cell carcinoma (Fig. 1.62).173,176-178

These range from a benign-appearing lining of one to two cell
layers of clear cells to multiple layers of cells. The broad spectrum
of neoplastic proliferative lesions ranges from cysts with papillary
tufts of mildly atypical cells, to cysts with solid mural nodules of
clear cell renal cell carcinoma, to markedly cystic clear cell renal cell
carcinoma. This morphologic spectrum represents a challenge in
the classification of lesions in biopsy and nephrectomy material.
Despite awareness of the high frequency of renal cell carcinoma
in this syndrome, metastatic renal cell carcinoma remains the lead-
ing cause of death.

Tuberous Sclerosis
Tuberous sclerosis complex (TSC) is an autosomal dominant dis-
order characterized by mental retardation, epilepsy, angiofibromas,
cardiac rhabdomyomas, renal angiomyolipomas, renal cell carcino-
mas and renal cysts.179-184 Two genes have been identified that
cause TSC, TSC1 and TSC2, mapped to chromosomes 9 and
13 that encode for hamartin and tuberin, respectively. The latter
locus is within a few nucleotides of the PKD1 locus. Although renal
cysts are uncommon and usually not extensive, some individuals,
usually children, have dual mutations involving TSC2 and PKD1.
They develop a diffuse cystic kidney disease with numerous large
cortical and medullary cysts that resemble autosomal dominant
polycystic disease; this disorder is known as the TSC2/PKD1 con-
tiguous gene syndrome.

Fig. 1.59 This infantile form of nephronophthisis also shows chronic
interstitial nephritis. Glomerular microcysts are visible, and the atrophic
tubules lack basement membrane multilayering (periodic acid–Schiff
stain.) (Courtesy of The Jay Bernstein, M.D. Consultative Collection.)

TABLE 1.16
Autosomal Dominant Tubulointerstitial Diseases: Comparison of Major Clinical and Pathologic
Features

Mutation
Onset/ESRD
(years) Laboratory/Clinical Results Extrarenal Disease Biopsy Renal Cysts Other Pathology

UROM 20-70/avg. 54 Gout, conc. defect None CTIN 40% UROM inclusions
MUC1 20-70/avg. 40 Gout, conc. defect None CTIN 12%-17% None
REN Childhood/30-40 Gout, conc. defect, # BP, anemia, " K None CTIN None # Renin in JGA
HNF1B 24/Adulthood Gout, conc. defect, DM, # Mg Pancreas hypoplasia/agenesis CTIN 60%-80% CAKUT

avg., Average; BP, blood pressure; CAKUT, congenital anomalies of the kidney and urinary tract; Conc, concentrating; CTIN, chronic tubulointerstitial nephritis; DM, diabetes mellitus; ESRD, end-stage renal
disease; HNF1B, hepatocyte nuclear factor 1β; JGA, juxtaglomerular apparatus; K, potassium; Mg, magnesium; MUC1, mucin-1; REN, renin; UROM, uromodulin.
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Many tubules and cysts in tuberous sclerosis are distinctive and
provide diagnostic specificity in the recognition of this disor-
der.143,153 The cysts are lined with large eosinophilic cells with
large hyperchromatic nuclei (Fig. 1.63). The cyst lining cells
may form papillary or polyploid masses, and may show occasional
mitotic activity. Renal cell carcinomas of several types also develop
in TSC but are far less frequent than in von Hippel–Lindau
disease.185

Glomerulocystic Kidneys
A glomerulocystic kidney (GCK) is defined as the presence of glo-
merular cysts in more than 5% of glomeruli in the absence of
another cystic kidney disease. A GCK may be primary or second-
ary. Glomerulocystic kidney disease is used in reference to the

primary forms that include a sporadic form, a familial form, and
forms caused by mutations of UROM and HNF1B (Table 1.3).
Secondary forms of glomerular cysts occur in many unrelated dis-
orders such as ADPKD, ARPKD, TSC, a variety of syndromes,
ischemic glomeruli, and renal dysplasias.186-191 In these diseases,
glomerular cysts may be present, but glomerular cysts are not def-
initional of the entity.

A glomerular cyst is defined as cystic dilation of Bowman cap-
sule to two to three times normal. The glomerular tuft itself may be
normal or abnormally formed. In most cases of GCK the glomer-
ular cysts are widespread and affect far more than 5% of glomeruli
(Fig. 1.64). The Bowman capsule dilation in some cases of GCK
may be massive, sufficient to result in a grossly cystic kidney. In
other cases the kidneys may be small and hypoplastic.

Fig. 1.61 Nephrectomy in von Hippel–Lindau disease that shows multiple
cysts. One cyst contains a mural nodule (arrow) of renal cell carcinoma.

Fig. 1.60 (A) Medullary cystic disease showing cysts along the outer medulla and advanced cortical scarring. (Courtesy of The Jay Bernstein, M.D.
Consultative Collection.) (B) This is UROM (uromodulin) kidney disease. Trichrome stain nicely demonstrated the intracellular aggregates of retained
uromodulin (Tamm-Horsfall protein).

Fig. 1.62 Cyst in von Hippel–Lindau disease is lined with low nuclear grade
clear cells.
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Miscellaneous Diseases
Renal Tubular Dysgenesis
Failure of proximal tubule differentiation is known as renal tubular
dysgenesis.192-201 It results in neonatal renal failure with the oligo-
hydramnios sequence, a Potter syndrome phenotype, and death
from pulmonary hypoplasia. Renal tubular dysgenesis may be pri-
mary or secondary. Primary renal tubular dysgenesis is an autosomal
recessive disorder due to mutation of one of the renin-angiotensin
system genes. Secondary causes include monochorionic twins with
twin–twin transfusions in which only the donor twin is affected,
congenital renal artery stenosis, major cardiac malformations, and
as a complication of maternal use of angiotensin-converting enzyme
inhibitors (can be associated with hypocalvaria).172

The kidneys are usually grossly normal, although they may be
decreased in weight. The glomeruli are close together because of
the lack of the normally voluminous proximal tubule cells. The
intervening tubules resemble distal tubules. The cells and tubular

profiles are small (Fig. 1.65). The tubule cells demonstrate distal
tubule and collecting duct phenotype by immunohistochemistry
and lectin staining. Ultrastructural studies show an undifferen-
tiated phenotype. The cells lack a microvillous brush border and
contain scant organelles.

Acquired Cystic Kidney Disease
Acquired cystic kidney disease refers to the development of multi-
ple and bilateral renal cysts in patients whose chronic renal failure
cannot be attributed to a hereditary cystic disease. Although iden-
tified as long ago as 1847 by Simon, in 1977 Dunnill revived inter-
est in this phenomenon when in an autopsy study of hemodialysis
patients he not only observed a high prevalence of renal cysts, but
also found renal tumors in 20% of the patients.202,203 One patient
had died of metastatic renal cell carcinoma. The development of
both cysts and tumors appears to be related to the uremic state
because it is independent of the type of dialysis and the cause of
the original renal disease.204-215

Acquired cystic kidney disease is bilateral and asymptomatic in
its early stages. Cysts are present in 8% of patients at the time dial-
ysis is initiated and increase in incidence, number, and size propor-
tional to the duration of dialysis. After 3 to 5 years of dialysis, cysts
have developed in approximately 50% of patients, whereas by
10 years, almost 90% of patients have cysts.216 The complications
of acquired cystic kidney disease include intrarenal and retroperi-
toneal hemorrhage, cyst infection, and renal cell carcinoma, which
may account for 3% to 4% of all deaths.211-215 All of the major
types of renal cell carcinoma can develop in the setting of acquired
cystic kidney disease. However, one tumor, acquired cystic kidney
disease–associated renal cell carcinoma, appears to be the most
common cancer. This tumor has a distinctive morphology and a
feature unique among renal cell carcinomas: the frequent presence
of calcium oxalate crystals. Although improvement in the cystic
disease occurs in many patients after successful renal transplanta-
tion, the influence of transplantation on neoplastic complications
remains unclear. As the number of patients receiving dialysis
increases and their survival rates improve, the occurrence of cystic
disease and neoplastic complications can also be expected to
increase.

Fig. 1.63 The cysts, as well as scattered individual tubules in noncystic
kidneys, in tuberous sclerosis are often lined by large cells with densely
eosinophilic cytoplasm and prominent nuclei. (Courtesy of The Jay Bern-
stein, M.D. Consultative Collection.)

Fig. 1.64 Glomerulocystic kidney disease showing microcysts principally
involving Bowman capsules.

Fig. 1.65 Congenital renal tubular dysgenesis manifesting with oliguric
acute renal failure. No normal proximal tubules are present. All cortical
tubules resemble distal tubules and are lined by small cuboidal cells without
interstitial expansion.
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The cysts initially form in the proximal tubules of kidneys with
end-stage disease. Most cysts are less than 0.5cm in diameter, but
2- to 3-cm cysts can develop. Initially the cysts are cortical, but in
advanced cases medullary cysts form and the entire kidney may be
replaced by cysts and resemble a smaller version of ADPKD
(Fig. 1.66). The cysts are lined with flattened, cuboidal, or colum-
nar epithelium and may contain a proteinaceous to hemorrhagic
fluid. Foci of epithelial hyperplasia are common in the cysts and
tubules. Papillary adenomas are also commonly present.

Localized Cystic Kidney Disease
Localized cystic kidney disease is an uncommon cystic kidney dis-
ease that histologically resembles ADPKD. It is not a genetic dis-
ease and lacks the progressive renal failure and extrarenal
complications of ADPKD.58,217-220 The affected kidney is usually
partially involved but may be diffusely cystic (Fig. 1.67). The con-
tralateral kidney should be noncystic. When the kidney is partially

involved, it has a tight collection of variably sized cysts with thin
cyst septa. The lesion is surrounded by normal kidney. The cystic
lesion invariably involves the medulla but may extend into the cor-
tex. The cysts contain serous fluid and are lined by a low cuboidal
to flattened epithelium. Excision and follow-up may be required to
establish the diagnosis and exclude a cystic neoplasm.

Medullary Sponge Kidney
Medullary sponge kidney is a cystic renal malformation in which
there is ectasia of the papillary collecting ducts of one or more renal
pyramids associated with nephrocalcinosis and nephrolithiasis
(Fig. 1.68).221,222 Medullary sponge kidney is usually bilateral
and is more common in male patients. It is usually detected radio-
graphically in adults evaluated for nephrolithiasis. The kidneys are
not enlarged, and renal function is normal, although a concentrat-
ing defect may be present in more severely affected patients.

Microscopically, the collecting ducts are dilated and lined with
cuboidal or flattened epithelium. Intratubular calcifications
(microliths) are common. If stones have obstructed the ducts, over-
lying cortical scarring may be present. Medullary sponge kidney
can be most readily distinguished from other diseases with medul-
lary cysts such as ADTID, nephronophthisis (NPHP), and juvenile
presentation of ARPKD by the presence of nephrolithiasis and
nephrocalcinosis on imaging studies.

Simple Cortical Cyst
Simple cortical cysts are the most common cystic renal
lesions.223,224 They are rare before the age of 40 years. Therefore
any cyst in a child or young adult, especially if bilateral, can be an
important clue to the presence of a cystic kidney disease. Simple
cysts increase in frequency with advancing age. In older patients
the cysts may be multiple and large, and typically are exophytic
(Fig. 1.69). The cysts are lined with a flattened layer of cells or lack

Fig. 1.66 Acquired cystic disease of the kidney. There are multiple cysts in
both cortex and medulla. Although this is a mild or early example with abun-
dant noncystic parenchyma, notice the small neoplasm to the upper right.
Several smaller tumors are also present elsewhere.

Fig. 1.67 This is an example of isolated/localized cystic kidney disease. The
central portion of the kidney is replaced by a diffusely cystic lesion that on
imaging studies would likely be regarded as a cystic neoplasm such as a
cystic nephroma. (Courtesy of The Jay Bernstein, M.D. Consultative
Collection.)

Fig. 1.68 Medullary sponge kidney showing a collection of large cysts that
replace the distal renal medulla. These represent prominent ectasia of the
distal collecting ducts. (Courtesy of The Jay Bernstein, M.D. Consultative
Collection.)
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an epithelial lining. The cyst wall may occasionally calcify, a radio-
graphic finding mimicking infection or malignancy.

Hydrocalyx, Megacalycosis, and Calyceal Diverticulum
Several lesions—hydrocalyx, megacalycosis, and calyceal diverticu-
lum—have in common a cavity lined with urothelium that com-
municates with the collecting system and are associated with
recurrent infections and nephrolithiasis.225-227 In hydrocalyx there
is caliectasis secondary to infundibular stenosis. The stenosis may
be congenital or the sequela of inflammation. By contrast, in mega-
calycosis obstruction is not evident. In both lesions the renal pyr-
amid is flattened or concave, and in cases complicated by infection,
parenchymal inflammation and scarring may be present. In caly-
ceal diverticulum the cavity communicates with a minor calyx
via a narrow isthmus, and no obstruction is present. The upper
pole calyx is involved in 54% of cases. Parenchymal inflammation
and scarring usually are absent unless the case is complicated by
infection.

Vascular Diseases

Hypertension-Associated Renal Disease
Vascular disease in its various forms is the most common cause of
renal injury encountered at autopsy because of the high incidence
of atherosclerosis and hypertension (Table 1.17 and Fig. 1.70).228-
230 A connection between hypertension and renal and cardiovascu-
lar diseases has been recognized for more than 100 years.228-236

Hypertension-associated renal disease was first separated from
other forms of renal disease in 1914 by Volhard and Fahr, who first
recognized the existence of two forms.237 The most common form,
which they called benign nephrosclerosis, occurred in older individ-
uals who had mild hypertension and little renal impairment. The
second form, which Volhard and Fahr called malignant nephro-
sclerosis, occurred in younger patients with severe hypertension
and renal failure.237 Although most patients (90% to 95%) with
hypertension have idiopathic disease, numerous secondary causes
can produce either benign or malignant nephrosclerosis
(Table 1.18).

Benign Nephrosclerosis
Benign (or essential) hypertension is an asymptomatic disorder that
affects approximately 50million people in the United States.228-230

The pathogenesis of essential hypertension is presumed to be mul-
tifactorial, involving genetic, epigenetic, environmental, and
immune mechanisms. Heritability of BP is estimated to be 31%
to 68%, but genome-wide association and linkage studies to date
were able to identify only factors with small effects on BP or those
that impart increased predisposition to hypertension in certain eth-
nic groups. Interestingly most monogenic forms of hypertension
are related to defects in renal sodium handling (Table 1.19).
Unfortunately, in most patients the cause of hypertension remains
enigmatic. Hypertension is often first diagnosed around age 45 to
54 years, but there has been an increasing incidence of early-onset
hypertension.238-241 If unchecked, hypertension places the patient
at risk not only for complications related to atherosclerotic vascular

Fig. 1.69 A large, simple cortical cyst found incidentally at autopsy. Notice
its thin translucent wall.

TABLE 1.17 Vascular Diseases of the Kidney

Hypertension-associated renal disease
Benign nephrosclerosis
Malignant nephrosclerosis

Thrombotic microangiopathy
Renal artery stenosis

Atherosclerosis
Fibromuscular dysplasia

Renal artery dissection
Renal artery aneurysm
Arteriovenous malformation and fistula
Renal emboli and infarcts
Renal cortical necrosis
Renal papillary necrosis
Renal cholesterol microembolism syndrome
Renal artery thrombosis
Renal vein and renal venous thrombosis
Bartter syndrome
Vasculitis

Fig. 1.70 Complicated atherosclerotic vascular disease showing arterial
nephrosclerosis, small atheroembolic infarcts (arrows), and an atrophic right
kidney from renal artery stenosis.
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disease such as renal insufficiency, congestive heart failure, coro-
nary artery disease, and stroke, but also other diseases such as dia-
betes mellitus.242,243 Although benign hypertension will not cause
renal failure in most patients, it is sufficiently prevalent to account
for approximately 15% to 30% of patients with end-stage renal
disease.

In benign nephrosclerosis the kidneys are symmetrically
reduced in size and weigh between 60 and 100g. They have gran-
ular subcapsular surfaces and cortical thinning, the extent of which
is influenced by the severity and duration of the hypertension
(Fig. 1.71).231-233 Microscopically, arteries of interlobar size or
greater show fibrous intimal thickening with reduplication or frag-
mentation of the elastic lamina and smooth muscle hyperplasia. In
contrast with atherosclerotic disease, lipid and calcification are not
usually present. The afferent arteriolar media shows thickening by
hyaline material (Fig. 1.72). Hyaline deposition also occurs in dia-
betes mellitus but tends to affect both afferent and efferent arteri-
oles, and develops to a mild degree in the absence of hypertension
in individuals who are older than 60 years. Hyaline arteriolar

thickening may be encountered in young adults, in whom it is asso-
ciated with early-onset coronary artery disease. The grossly visible
subcapsular granularity corresponds to shallow subcapsular scars
that contain sclerotic glomeruli, atrophic tubules, and thick-walled
hyalinized or hyperplastic arterioles (Fig. 1.73).

Malignant Nephrosclerosis
Malignant nephrosclerosis develops as a consequence of malignant
hypertension.244,245 Malignant hypertension usually arises in a
patient with preexisting benign hypertension, but it may develop
as a de novo disorder. Patients present with headache, dizziness,
and impaired vision. Their diastolic BP exceeds 120 to
140mmHg. Retinal hemorrhages, exudates, and papilledema are
present. Hematuria, proteinuria, and microangiopathic hemolytic
anemia develop. Without treatment, the patient will experience
renal failure and may die suddenly of heart failure, myocardial
infarction, or cerebral hemorrhage.

The kidney in malignant nephrosclerosis often has petechial
subcapsular hemorrhages or a mottled red and yellow cortex if

TABLE 1.19
Examples of Monogenic Forms of
Hypertension

Causative Gene/Mutation

Liddle syndrome Epithelial sodium channel
Gordon syndrome
(pseudohypoaldosteronism type II)

Thiazide-sensitive sodium
chloride cotransporter

Geller syndrome Mineralocorticoid receptor
Glucocorticoid remediable
hyperaldosteronism

11-α-hydroxylase, aldosterone
synthase

Syndrome of apparent mineral
corticoid excess

11-α-hydroxysteroid
dehydrogenase

Congenital adrenal hyperplasia 11-α-hydroxylase or
17-β-hydroxylase

TABLE 1.18 Types and Causes of Hypertension

Primary
Benign (essential) hypertension
Malignant hypertension

Secondary
Renal artery stenosis
Acute glomerulonephritis
Chronic renal diseases
Neoplasms

Renin-producing tumors
Adrenal cortical tumors
Pheochromocytoma

Endocrine abnormalities
Thyrotoxicosis
Adrenal cortical hyperplasia
Hyperparathyroidism
Oral contraceptives

Neurogenic
Miscellaneous vascular

Preeclampsia
Thrombotic microangiopathy
Vasculitis
Coarctation of aorta

Fig. 1.71 Granular subcapsular surface of benign hypertension-associated
arterial nephrosclerosis.

Fig. 1.72 Arteriolar hyalinosis in hypertension. In contrast with diabetes,
hyalinosis in hypertension is often limited to the afferent arteriole (periodic
acid–Schiff stain).

37CHAPTER 1 Nonneoplastic Diseases of the Kidney


	Cover
	Inside Front Cover
	UROLOGICSURGICALPATHOLOGY
	Copyright
	Contributors
	Preface to the Fourth Edition
	1Nonneoplastic Diseases of the Kidney
	Introduction
	Embryologic Development and Normal Structure
	Pronephros
	Mesonephros
	Metanephros
	Nephron Differentiation

	Gross Anatomy
	Microscopic Anatomy
	Parenchymal Maldevelopment and Cystic Kidney Diseases
	Abnormalities in Form and Position
	Rotation Anomaly
	Renal Ectopia
	Renal Fusion

	Abnormalities in Mass and Number
	Supernumerary Kidney
	Hypoplasia
	Simple Hypoplasia
	Oligomeganephronia
	Cortical Hypoplasia
	Segmental Hypoplasia (Ask-Upmark Kidney)

	Renal Agenesis
	Unilateral Renal Agenesis
	Bilateral Renal Agenesis (Potter Syndrome)
	Syndromic Renal Agenesis


	Renal Dysplasia
	Polycystic Kidney Disease
	Autosomal Recessive Polycystic Kidney Disease
	Autosomal Dominant Polycystic Kidney Disease

	Cystic Diseases (Without Dysplasia) in Hereditary Syndromes
	Nephronophthisis
	Autosomal Dominant Tubulointerstitial Disease
	Von Hippel-Lindau disease
	Tuberous Sclerosis
	Glomerulocystic Kidneys

	Miscellaneous Diseases
	Renal Tubular Dysgenesis
	Acquired Cystic Kidney Disease
	Localized Cystic Kidney Disease
	Medullary Sponge Kidney
	Simple Cortical Cyst
	Hydrocalyx, Megacalycosis, and Calyceal Diverticulum


	Vascular Diseases
	Hypertension-Associated Renal Disease
	Benign Nephrosclerosis
	Malignant Nephrosclerosis

	Thrombotic Microangiopathy
	Renal Artery Stenosis
	Atherosclerosis-Related Renal Artery Stenosis
	Fibromuscular Dysplasia
	Intimal Fibroplasia
	Medial Hyperplasia
	Medial Fibroplasia With Aneurysms
	Perimedial Fibroplasia
	Periarterial Fibroplasia

	Kidney in Renal Artery Stenosis

	Hemolytic Uremic Syndrome
	Thrombotic Thrombocytopenic Purpura

	Renal Artery Dissection
	Renal Artery Aneurysm
	Saccular Aneurysm
	Fusiform Aneurysm
	Intrarenal Aneurysm

	Arteriovenous Malformation and Fistula
	Renal Emboli and Infarcts
	Renal Cortical Necrosis
	Renal Papillary Necrosis
	Renal Cholesterol Microembolism Syndrome
	Renal Artery Thrombosis
	Renal Vein Thrombosis
	Bartter syndrome
	Vasculitis

	Tubulointerstitial Disease
	Acute and Chronic Renal Failure
	Acute Tubular Injury (Necrosis)
	Acute Tubulointerstitial Nephritis
	Herbal Remedies, Slimming Agents and Aristocholic Acid Nephropathy
	Immunoglobulin G4-Related Sclerosing Tubulointerstitial Nephritis
	Analgesic Nephropathy
	Bacterial Infection-Associated Tubulointerstitial Disease
	Acute Pyelonephritis
	Pyonephrosis
	Perinephric Abscess
	Emphysematous Pyelonephritis
	Chronic Pyelonephritis
	Reflux Nephropathy (Chronic Nonobstructive Pyelonephritis)
	Chronic Obstructive Pyelonephritis


	Viral Infections
	Granulomatous Tubulointerstitial Disease
	Sarcoidosis
	Xanthogranulomatous Pyelonephritis
	Malakoplakia
	Tuberculosis
	Diverse Other Granulomatous Diseases


	Metabolic Abnormalities, Heavy Metals, and Crystal-Associated Tubulointerstitial Diseases
	Heavy Metals
	Hypercalcemic Nephropathy
	Nephrolithiasis
	Oxalate-Associated Renal Disease
	Cystinosis
	Uric Acid-Associated Renal Disease

	Diabetic Kidney Disease
	Amyloidosis and Paraprotein-Associated Tubulointerstitial Disease
	Amyloidosis
	Light Chain Cast Nephropathy
	Immunoglobulin and Light Chain Deposition Disease
	Light Chain Proximal Tubulopathy
	Light Chain Crystal Tubulopathy
	Crystal-Storing Histiocytosis
	Monoclonal Gammopathy of Renal Significance

	Renal Transplantation
	Evaluation of Preimplantation/Procurement and Zero-Hour Implantation Biopsy
	Evaluation of a Transplant Biopsy
	Antibody-Mediated Rejection
	T-Cell-Mediated Rejection
	Calcineurin Inhibitor Nephrotoxicity

	References

	2Neoplasms of the Kidney
	Renal Cell Carcinomas
	General Considerations
	Incidence
	Epidemiology
	Hereditary Aspects of Renal Cell Neoplasia
	Grading Renal Cell Carcinoma
	Staging Renal Cell Carcinoma

	Clear Cell Renal Cell Carcinoma
	Multilocular Cystic Renal Neoplasm of Low Malignant Potential
	Papillary Renal Cell Carcinoma
	Hereditary Leiomyomatosis and Renal Cell Carcinoma-Associated Renal Cell Carcinoma
	Chromophobe Renal Cell Carcinoma
	Collecting Duct Carcinoma
	Renal Medullary Carcinoma
	MiT Family Translocation Renal Cell Carcinoma
	Xp11 Translocation Renal Cell Carcinoma
	t(6;11) Translocation Renal Cell Carcinoma

	Succinic Dehydrogenase-Deficient Renal Cell Carcinoma
	Mucinous Tubular and Spindle Cell Carcinoma
	Tubulocystic Renal Cell Carcinoma
	Acquired Cystic Disease-Associated Renal Cell Carcinoma
	Clear Cell Papillary Renal Cell Carcinoma
	Renal Cell Carcinoma, Unclassified
	Emerging or Provisional Renal Cell Carcinomas
	Oncocytic Renal Cell Carcinoma Occurring After Neuroblastoma
	Eosinophilic Solid and Cystic Renal Cell Carcinoma
	Thyroid-like Follicular Carcinoma of the Kidney
	ALK Rearrangement-Associated Renal Cell Carcinoma
	Renal Cell Carcinoma With Angioleiomyoma-like Stroma


	Benign Epithelial Neoplasms
	Papillary Adenoma
	Oncocytoma

	Metanephric Tumors
	Metanephric Adenoma
	Metanephric Adenofibroma
	Metanephric Stromal Tumor

	Nephroblastic and Cystic Tumors That Occur Mainly in Children
	Nephrogenic Rests
	Nephroblastoma (Wilms Tumor)
	Cystic Partially Differentiated Nephroblastoma
	Pediatric Cystic Nephroma

	Mesenchymal Tumors
	Mesenchymal Tumors That Occur Mainly in Children
	Clear Cell Sarcoma
	Rhabdoid Tumor
	Congenital Mesoblastic Nephroma
	Ossifying Renal Tumor of Infancy

	Mesenchymal Tumors That Occur Mainly in Adults
	Leiomyosarcoma
	Angiosarcoma
	Rhabdomyosarcoma
	Osteosarcoma
	Synovial Sarcoma
	Ewing Sarcoma
	Angiomyolipoma
	Epithelioid Angiomyolipoma
	Leiomyoma
	Hemangioma
	Lymphangioma
	Hemangioblastoma
	Juxtaglomerular Cell Tumor
	Renomedullary Interstitial Cell Tumor
	Schwannoma
	Solitary Fibrous Tumor


	Mixed Epithelial and Stromal Tumor Family
	Adult Cystic Nephroma
	Mixed Epithelial and Stromal Tumor

	Neuroendocrine Tumors
	Well-Differentiated Neuroendocrine Tumor
	Large Cell Neuroendocrine Carcinoma
	Small Cell Neuroendocrine Carcinoma
	Paraganglioma

	Miscellaneous Tumors
	Renal Hematopoietic Neoplasms
	Lymphoma
	Plasmacytoma
	Leukemia

	Germ Cell Tumors

	Metastatic Tumors
	References

	3Renal Pelvis and Ureter
	Development
	Anatomy
	Congenital Malformations
	Abnormalities in Number or Location of Ureters
	Refluxing Megaureter
	Ureteropelvic Junction Obstruction
	Primary Megaureter
	Ureterocele
	Paraureteral Diverticulum
	Ureteral Dysplasia

	Nonneoplastic Proliferative, Metaplastic, and Inflammatory Lesions
	Hyperplasia, von Brunn Nests, and Ureteropyelitis Cystica and Glandularis
	Squamous and Glandular Metaplasia
	Nephrogenic Adenoma
	Reactive Changes (Reactive Atypia)
	Malakoplakia
	Endometriosis
	Retroperitoneal Fibrosis

	Neoplasms
	Benign Epithelial Neoplasms
	Inverted Papilloma
	Urothelial Papilloma

	Malignant Epithelial Neoplasms
	Urothelial Dysplasia and Carcinoma In Situ
	Urothelial Carcinoma
	Squamous Cell Carcinoma
	Adenocarcinoma
	Metastases

	Mesenchymal Neoplasms
	Fibroepithelial Polyp
	Leiomyoma and Leiomyosarcoma
	Hemangioma
	Other Tumors


	References

	4Fine Needle Aspiration of the Kidney
	Introduction
	Background to Renal Fine Needle Aspiration
	Indications
	Specimen Collection and Preparation
	Complications
	Accuracy
	Adequacy

	Normal Elements
	Glomeruli
	Proximal Tubular Cells
	Distal Tubular Cells

	Benign Lesions
	Oncocytoma
	Papillary Adenoma
	Angiomyolipoma
	Metanephric Adenoma
	Cystic Nephroma/Mixed Epithelial and Stromal Tumor
	Renal Abscess
	Xanthogranulomatous Pyelonephritis
	Renal Infarct
	Renal Cysts
	Acquired Cystic Disease and Adult Polycystic Disease

	Malignant Lesions
	Renal Cell Carcinoma
	Clear Cell Renal Cell Carcinoma
	Papillary Renal Cell Carcinoma
	Chromophobe Renal Cell Carcinoma
	Sarcomatoid Renal Cell Carcinoma
	Collecting Duct Carcinoma
	Translocation-Associated Renal Cell Carcinomas [TFE3-Associated Tumors, Including the MiT Family, Xp11, and t6,11]
	Mucinous Tubular and Spindle Cell Carcinoma
	Clear Cell Papillary Renal Cell Carcinoma
	Other Subtypes of Renal Cell Carcinoma

	Metastases
	Urothelial Carcinoma
	Other Rare Tumors

	Future Trends
	Fine Needle Aspiration in Pediatric Patients
	Renal Mass Ablation

	Conclusions
	References

	5Nonneoplastic Disorders of the Urinary Bladder
	Embryology and Anatomy
	Embryology
	Gross Anatomy
	Histology

	Epithelial Abnormalities
	von Brunn Nests
	Cystitis Glandularis and Intestinal Metaplasia
	Cystitis Glandularis and Cystitis Cystica
	Intestinal Metaplasia (Cystitis Glandularis, Intestinal Type)

	Squamous Metaplasia
	Nephrogenic Adenoma
	Papillary Hyperplasia

	Inflammation and Infection
	Nonspecific Cystitis
	Polypoid and Papillary Cystitis
	Follicular Cystitis
	Giant Cell Cystitis
	Hemorrhagic Cystitis

	Special Types of Cystitis
	Interstitial Cystitis (Bladder Pain Syndrome)
	Eosinophilic Cystitis
	Postsurgical Necrobiotic Granulomas
	Bacillus Calmette-Guérin Granulomas
	Other Noninfectious Granulomas
	Radiation Cystitis
	Reaction to Chemotherapy
	Calculi

	Infectious Cystitis
	Bacterial Cystitis
	Gangrene
	Encrusted Cystitis
	Emphysematous Cystitis
	Other Rare Lesions
	Urachal Abscess
	Malakoplakia
	Tuberculous Cystitis
	Fungal and Actinomycotic Cystitis

	Viral Cystitis
	Human Papillomavirus
	Other Viruses

	Schistosomiasis

	Polyps and Other Mass Lesions
	Ectopic Prostate
	Other Polyps
	Hamartoma
	Amyloidosis
	Proteinoma (Tamm-Horsfall Protein Deposits)
	Fallopian Tube Prolapse
	Postoperative Spindle Cell Nodule
	Inflammatory Myofibroblastic Tumor (Pseudosarcomatous Fibromyxoid Tumor; Inflammatory Pseudotumor)

	Müllerian Lesions
	Endometriosis
	Endocervicosis
	Müllerian Cyst

	Malformations
	Agenesis
	Exstrophy
	Duplication and Septation of the Bladder
	Urachal Cysts and Persistence
	Diverticulum
	Other Congenital Malformations and Anomalies

	References

	6Neoplasms of the Urinary Bladder
	Benign Urothelial Neoplasms
	Urothelial Papilloma and Diffuse Papillomatosis
	Inverted Papilloma
	Squamous Papilloma

	Urothelial Proliferation of Uncertain Malignant Potential
	Papillary Urothelial Hyperplasia/Urothelial Proliferation of Uncertain Malignant Potential
	Flat Urothelial Hyperplasia/Urothelial Proliferation of Uncertain Malignant Potential

	Flat Intraepithelial Lesions
	Histologic Variants of Carcinoma In Situ
	Large Cell Carcinoma In Situ
	Small Cell Carcinoma In Situ
	Denuding and ``Clinging Pattern´´ Carcinoma In Situ
	Pagetoid and Undermining (Lepidic) Carcinoma In Situ
	Carcinoma In Situ With Squamous or Glandular Differentiation
	Carcinoma In Situ With Micropapillary Pattern
	Carcinoma In Situ With Microinvasion

	Urothelial Reactive Atypia
	Reactive Atypia
	Atypia of Unknown Significance

	Therapy-Induced Changes in the Urothelium and Mimics of Urothelial Flat Neoplasia
	Urothelial Dysplasia
	Primary Dysplasia
	Secondary Dysplasia

	Urothelial Carcinoma In Situ (High-Grade Intraurothelial Neoplasia)
	Microscopic Pathology


	Urothelial Carcinoma
	General Features
	Epidemiology and Risk Factors
	Signs and Symptoms
	Field Cancerization and Tumor Multicentricity
	Molecular Taxonomy
	Immune Checkpoint Inhibitor Therapy

	Histologic Grading
	Staging of Invasive Bladder Cancer
	General Features of Invasive Urothelial Carcinoma
	Stage pT1 Tumor
	Histologic Grade
	Stroma-Epithelial Interface
	Invading Epithelium
	Stromal Response
	Diagnostic Pitfalls
	Substaging of pT1 Tumors

	Stage pT2 Tumor
	Stage pT3 Tumor
	Stage pT4 Tumor
	Histologic Grading According to the 1973 World Health Organization Classification
	Grade 1 Urothelial Carcinoma
	Grade 2 Urothelial Carcinoma
	Grade 3 Urothelial Carcinoma

	Histologic Grading According to the 2004/2016 World Health Organization Classification
	Papillary Urothelial Neoplasm of Low Malignant Potential
	Low-Grade Urothelial Carcinoma
	High-Grade Urothelial Carcinoma

	Histologic Grading of Urothelial Carcinoma: The Four-Tier Proposal
	Grade 1 Urothelial Carcinoma (Low Grade)
	Grade 2 Urothelial Carcinoma (Low Grade)
	Grade 3 Urothelial Carcinoma (High Grade)
	Grade 4 Urothelial Carcinoma (High Grade)

	Other Proposals for Bladder Cancer Grading and Tumor Heterogeneity
	The ANCONA 2001 Refinement of the 1973 World Health Organization Classification
	The 1999 World Health Organization Grading Proposal

	Tumor Heterogeneity: Implications for Grading

	Histologic Variants of Urothelial Carcinoma
	Urothelial Carcinoma With Divergent Differentiation
	Micropapillary Urothelial Carcinoma
	Plasmacytoid Urothelial Carcinoma
	Nested Urothelial Carcinoma
	Microcystic Urothelial Carcinoma
	Lymphoepithelioma-like Urothelial Carcinoma
	Lipid-Rich Urothelial Carcinoma
	Clear Cell (Glycogen-Rich) Urothelial Carcinoma
	Sarcomatoid Urothelial Carcinoma
	Giant Cell Urothelial Carcinoma
	Poorly Differentiated Tumors (Including Those With Osteoclast-like Giant Cells)

	Other Aspects and Variants of Urothelial Carcinoma Not Included in the Current World Health Organization Classification
	Urothelial Carcinoma, Inverted Growth (Inverted Papilloma-like)
	Pseudoangiosarcomatous (Pseudoangiosarcoma-like) Urothelial Carcinoma
	Urothelial Carcinoma With Chordoid Features
	Urothelial Carcinoma With Syncytiotrophoblastic Giant Cells
	Urothelial Carcinoma With Acinar/Tubular Differentiation
	Undifferentiated Carcinoma (Including Those With Rhabdoid Features)
	Urothelial Carcinoma With Unusual Stromal Reactions
	Urothelial Carcinoma in Augmentation Cystoplasties and Neurogenic Bladder
	Urothelial Carcinoma in Children and Young Adults
	Urothelial Carcinoma in Bladder Diverticulum

	Specimen Handling and Reporting

	Glandular Neoplasms
	Villous Adenoma
	Clear Cell Carcinoma (Tumors of Müllerian Type)

	Adenocarcinoma
	Hepatoid Adenocarcinoma
	Urachal Adenocarcinoma


	Squamous Cell Neoplasms
	Squamous Papilloma
	Squamous Cell Carcinoma In Situ
	Squamous Cell Carcinoma
	Schistosoma-Associated Squamous Cell Carcinoma
	Verrucous Squamous Cell Carcinoma
	Basaloid Squamous Cell Carcinoma


	Neural and Neuroendocrine Tumors
	Small Cell Carcinoma
	Epidemiology and Clinical Features
	Staging, Treatment, and Outcome
	Histogenesis and Genetics
	Pathology
	Immunohistochemistry
	Differential Diagnosis

	Large Cell Neuroendocrine Carcinoma
	Well-Differentiated Neuroendocrine Tumor (Carcinoid)
	Paraganglioma
	Clinical Features
	Histogenesis
	Genetics
	Pathology
	Immunohistochemistry
	Differential Diagnosis

	Neurofibroma
	Schwannoma
	Primitive Neuroectodermal Tumor
	Malignant Peripheral Nerve Sheath Tumor

	Sarcomatoid Carcinoma
	Definition and Terminology
	Clinical Features
	Histogenesis and Genetics
	Pathology
	Differential Diagnosis and Immunohistochemistry

	Soft Tissue Tumors
	Other Rare Soft Tissue Tumors Arising in the Bladder
	Myofibroblastic Proliferations and Benign Soft Tissue Tumors
	Inflammatory Myofibroblastic Tumor
	Postoperative Spindle Cell Nodule
	Leiomyoma
	Hemangioma
	Granular Cell Tumor
	Solitary Fibrous Tumors
	Perivascular Epithelioid Cell Tumor

	Malignant Soft Tissue Tumors
	Leiomyosarcoma
	Rhabdomyosarcoma
	Angiosarcoma
	Undifferentiated Pleomorphic Sarcoma
	Osteosarcoma


	Miscellaneous Tumors
	Malignant Melanoma
	Germ Cell Tumors
	Hematologic Malignancies
	Metastatic Tumors and Secondary Extension
	Metastatic Urothelial Carcinoma

	References

	7Urine Cytology
	Introduction
	Utility of Urine Cytology
	Indications
	Sources
	Specimen Adequacy

	Reporting and Classification
	The Paris System 2013

	Normal Components of the Urinary Sediment
	Superficial (Umbrella) Cells
	Cells Originating From the Deeper Layers of the Urothelium
	Columnar Cells
	Mucus-Containing Epithelial Cells
	Squamous Cells
	Renal Epithelial Cells
	Convoluted Tubular Cells
	Collecting Duct Cells

	Other Benign Cells
	Inflammatory Cells

	Noncellular Components of the Urinary Sediment
	Pigment and Pigmented Cells
	Cytoplasmic Eosinophilic Inclusions (Melamed-Wolinska Bodies)
	Crystals
	Casts and Other Findings Attributable to Renal Diseases in Urine


	Diagnostic Criteria
	Infections
	Bacteria
	Fungi
	Viruses
	Trematodes and Other Parasites

	Reactive Cytologic Changes
	Lithiasis
	Drug Effects
	Effects of Radiation Therapy
	Degenerative Changes
	Instrumentation Atypia
	Laser-Induced Changes and Other Ablation Changes
	Neobladder and Ileal Conduit Urine
	Urine Cytology in Renal Transplant Recipients

	Other Benign Conditions
	Benign Tumors and Tumor-like Processes
	Atypical Urothelial Cells
	Suspicious
	Low-Grade Urothelial Carcinoma
	High-Grade Carcinoma
	Correlation of Urine Cytology and Biopsy Findings (Diagnostic Accuracy)
	Urinary Cells Originating From Other Sites
	Prostate
	Urethra
	Upper Tract
	Kidney Medulla and Cortex
	Secondary Tumors

	Anticipatory Positive Cytology
	Other Types of Carcinoma
	Squamous Cell Carcinoma
	Adenocarcinoma
	Small Cell Undifferentiated Carcinoma (Oat Cell Carcinoma)
	Mixed Carcinoma
	Rare Variants of Urothelial Carcinoma

	Major Diagnostic Pitfalls
	Trauma or Instrumentation
	Cell Preservation
	Human Polyomavirus
	Lithiasis
	Drugs and Other Therapeutic Procedures


	Ancillary Studies and Immunocytology
	Digital Image Analysis and Morphometry
	Cytochemical Stains
	Acid Hematoxylin Stain
	CellDetect

	Immunocytochemical Stains
	Telomerase
	HER2 and Cytokeratins
	Vimentin
	ImmunoCyt/uCyt Immunocytology
	ProExC
	Other Immunostains

	Fluorescence In Situ Hybridization

	The Problem of Hematuria
	Routine Laboratory Investigation of Hematuria
	Dysmorphic Red Blood Cells Indicate Glomerular Disease
	Comprehensive Analysis of Urine for Evaluation of Hematuria

	References

	8Nonneoplastic Diseases of the Prostate
	Embryology and Fetal-Prepubertal History
	Anatomy
	Zonal Anatomy
	Prostatic Urethra, Verumontanum, and Bladder Neck
	Capsule and the Retroprostatic Fascia (Denonvilliers Fascia)
	Blood Supply
	Nerve Supply

	Prostate Sampling Techniques
	Needle Biopsy
	Fine Needle Aspiration
	Transurethral Resection
	Tissue Artifacts
	Nonprostatic Tissues in Biopsies
	Seminal Vesicle and Ejaculatory Duct Tissue in Biopsies
	Cowper Gland Tissue in Biopsies
	Rectal Tissue in Biopsies


	Benign Epithelium
	Secretory Luminal Cells
	Basal Cells
	Neuroendocrine Cells
	Stem Cells
	Luminal Products
	Pigment
	Immunohistochemistry
	Prostate-Specific Antigen
	Prostatic Acid Phosphatase
	Keratin 34βE12
	p63
	p40
	Racemase
	c-Myc
	Panel of Keratin 34βE12, p63, Racemase, and c-Myc
	NKX3.1
	GATA3
	ERG
	Prostate-Specific Membrane Antigen
	Human Glandular Kallikrein 2
	Androgen Receptors
	Other Immunohistochemical Markers


	Benign Stroma
	Inflammation
	Prostatic Immune Response
	Acute Bacterial Prostatitis
	Chronic Prostatitis
	Granulomatous Prostatitis
	Xanthoma and Xanthogranulomatous Prostatitis
	Idiopathic Granulomatous Prostatitis
	Infectious Granulomatous Prostatitis
	Malakoplakia
	Iatrogenic Granulomatous Prostatitis
	Post-TURP Granulomatous Prostatitis
	Postradiation Granulomatous Prostatitis
	BCG-Associated Granulomatous Prostatitis
	Teflon-Associated Granulomatous Prostatitis


	Systemic Granulomatous Prostatitis
	Allergic (Eosinophilic) Granulomatous Prostatitis
	Granulomatosis With Polyangiitis and Other Forms of Vasculitis
	Autoimmune Prostatitis With Immunoglobulin G4-Related Disease
	Other Rare Forms of Granulomatous Prostatitis

	AIDS-Associated Prostatitis
	Virus-Associated Prostatitis
	Inflammation After Needle Biopsy
	Inflammation and Nodular Hyperplasia
	Inflammation and Prostate Cancer

	Atrophy
	Nonneoplastic Metaplasia
	Squamous Metaplasia
	Mucinous Metaplasia
	Neuroendocrine Cells With Eosinophilic Granules (Paneth Cell-like Change)
	Urothelial Metaplasia
	Nephrogenic Metaplasia

	Hyperplasia and Nodular Hyperplasia
	Nodular Hyperplasia
	Postatrophic Hyperplasia
	Prostatic Stromal Hyperplasia With Atypia
	Basal Cell Hyperplasia and Basal Cell Proliferations
	Typical Basal Cell Hyperplasia
	Atypical Basal Cell Hyperplasia
	Basal Cell Adenoma
	Immunohistochemical Findings
	Differential Diagnosis

	Cribriform Hyperplasia
	Atypical Adenomatous Hyperplasia
	Sclerosing Adenosis
	Verumontanum Mucosal Gland Hyperplasia
	Hyperplasia of Mesonephric Remnants
	Pseudoangiomatous Stromal Hyperplasia

	Benign Nonneoplastic Conditions
	Amyloidosis
	Melanosis
	Endometriosis

	Treatment Changes
	Androgen Deprivation Therapy
	Histopathologic Findings After 5α-Reductase Inhibitors
	Immunohistochemical Findings After Androgen Deprivation Therapy

	Radiation Therapy
	Immunohistochemical Findings After Radiation Therapy

	Cryotherapy (Cryoablation)
	Hyperthermia
	Laser Therapy
	Irreversible Electroporation
	Electrical Membrane Breakdown

	References

	9Neoplasms of the Prostate
	Benign Epithelial Tumors and Tumor-like Proliferations
	Prostatic Cysts
	Ejaculatory Duct Adenofibroma

	Prostatic Intraepithelial Neoplasia
	Epidemiology of Prostatic Intraepithelial Neoplasia
	Diagnosis of Prostatic Intraepithelial Neoplasia
	Immunohistochemical Markers for Prostatic Intraepithelial Carcinoma
	Keratin 34βE12 and Other Keratins
	p63
	Racemase
	c-Myc
	ERG

	Molecular Biology of Prostatic Intraepithelial Neoplasia
	Treatment Effects in Prostatic Intraepithelial Neoplasia
	Radiation Therapy
	Androgen Deprivation Therapy and Other Therapies

	Differential Diagnosis of Prostatic Intraepithelial Neoplasia
	Inflammation, Atrophy, and High-Grade Prostatic Intraepithelial Neoplasia
	Clinical Significance of Prostatic Intraepithelial Neoplasia
	Predictive Value of Prostatic Intraepithelial Neoplasia
	Clinical Response to Prostatic Intraepithelial Neoplasia


	Atypical Small Acinar Proliferation
	Diagnosis of Atypical Small Acinar Proliferation
	Subsets of Atypical Small Acinar Proliferation
	Clinical Significance of Atypical Small Acinar Proliferation
	Atypical Small Acinar Proliferation + Prostatic Intraepithelial Neoplasia


	Malignancy-Associated Changes
	Intraductal Carcinoma
	Separation of Intraductal Carcinoma and Prostatic Intraepithelial Neoplasia
	Clinical Significance of Intraductal Carcinoma

	Adenocarcinoma and Other Tumors
	Epidemiology
	Latent Carcinoma
	Prostate Cancer and Benign Prostatic Hyperplasia
	Tissue Methods of Detection
	Needle Core Biopsy
	Detecting Cancer: Factors That Influence Diagnostic Yield in Biopsies
	Number, Length, and Location of Needle Cores Obtained
	Magnetic Resonance Imaging-Transrectal Ultrasound-Guided Fusion-Targeted Biopsies
	Histotechnologists Skill in Processing Biopsies
	Number of Needle Cores Embedded per Cassette
	Number of Tissue Cuts Obtained per Specimen
	Future Trends in Biopsies

	Fine Needle Aspiration
	Transurethral Resection
	Prostatic Enucleation (Suprapubic Prostatectomy; Adenectomy)
	Radical Prostatectomy

	Pathologic Interpretation
	Gross Pathology
	Microscopic Pathology
	Cancer-Associated Pathologic Findings
	Luminal Mucin
	Luminal Proteinaceous Secretions
	Crystalloids
	Collagenous Micronodules
	Perineural Invasion
	Lymphatic and Vascular Invasion
	Microvessel Density (Angiogenesis)

	Significant Problems in Interpretation
	Atypical Small Acinar Proliferation
	Prostatic Intraepithelial Neoplasia Versus Large Acinar Variant of Gleason Grade 3 and Intraductal Carcinoma
	Clear Cell Pattern of Carcinoma Versus Benign Acini
	``Vanishing´´ Prostate Cancer in Radical Prostatectomies


	Grading
	Gleason Grading System
	Recent Trends in Grading
	International Society of Urological Pathology Modifications to the Gleason Grading System
	International Society of Urological Pathology 2005 Modified Gleason Grading System
	International Society of Urological Pathology 2014 Modified Gleason Scoring System (Grade Groupings)

	Biopsy Versus Prostatectomy Grade
	Dedifferentiation
	Other Proposed Grading Changes
	Tertiary Grade
	Nuclear Grading and Morphometric Grading
	Grade Compression (Dichotomization) and Weighted Average Score
	Percent Gleason 4 and 5
	Should Gleason 3 + 3 = 6 Be Called Cancer?
	Gleason 7 Subdivision (3 + 4 Versus 4 + 3)
	Grade Group 4 Heterogeneity
	Gleason Pattern 5
	Reactive Stromal Grading
	Digital Pathology and Deep Learning

	Grading After Therapy
	Grading After Radiation Therapy
	Grading After Androgen Deprivation Therapy

	Clinical Significance of Grading
	Grade and Outcome
	Grade and Cancer Volume
	Grade and Prostate-Specific Antigen
	Grade and Pathologic Stage
	Grade and Cancer Location


	Variants and Other Carcinomas, Including Neuroendocrine Tumors
	Atrophic Adenocarcinoma
	Pseudohyperplastic Adenocarcinoma
	Microcystic Adenocarcinoma
	Foamy Gland Carcinoma (Microvacuolated)
	Mucinous (Colloid) Carcinoma
	Signet Ring Cell Carcinoma
	Pleomorphic Giant Cell Adenocarcinoma
	Sarcomatoid Carcinoma (Carcinosarcoma)
	Ductal Adenocarcinoma
	Cribriform, Papillary, and Solid Carcinomas
	Comedocarcinoma

	Adenocarcinoma With Neuroendocrine Differentiation
	Adenocarcinoma With Neuroendocrine Cells With Large Eosinophilic Granules (Paneth Cell-like Change)
	Low-Grade Neuroendocrine Carcinoma (Carcinoid)
	High-Grade Neuroendocrine Carcinoma (Small Cell and Large Cell Carcinoma)

	Adenocarcinoma With Glomeruloid Features
	Carcinoma With Oncocytic Features
	Lymphoepithelioma-like Carcinoma
	Clear Cell Carcinoma
	Basal Cell Carcinoma (Adenoid Cystic/Basal Cell Carcinoma)
	Squamous Cell and Adenosquamous Cell Carcinoma
	Urothelial Carcinoma

	Immunohistochemistry of Prostate Cancer
	Identifying Prostatic Origin in Metastases
	TMPRSS2:ERG and the ETS Family Gene Fusions
	Phosphatase and Tensin Homolog
	Prostate Cancer Antigen 3
	c-Myc
	Telomerase
	Apoptosis-Suppressing Oncoprotein Bcl-2
	p53
	p16
	p21
	p27Kip1
	Androgen Receptors
	Methylation
	Mitochondrial DNA Testing
	Integrins
	Heat Shock Protein 90
	Pro-PSA
	Prostatic Membrane Antigen
	Proliferating Cell Nuclear Antigen
	Ki67/MIB1
	BRCA1 and BRCA2
	Engrailed Nuclear Protein-2
	Sarcosine and Other Metabolites
	Other Immunohistochemical Markers of Prognosis in Prostate Cancer

	Molecular Biology of Prostate Cancer
	Genetics of Familial Prostate Cancer
	DNA Ploidy
	MicroRNA
	Chromosome 7
	Chromosome 8
	Chromosome 10
	Chromosome 16
	Other Chromosomes
	DNA Mismatch Repair Genes

	Treatment Changes in Prostate Cancer
	Androgen Deprivation Therapy
	Pathologic Findings After Androgen Deprivation
	Pathologic Findings After 5α-Reductase Inhibitors
	Differential Diagnosis
	Stage and Surgical Margins After Androgen Deprivation Therapy
	Immunohistochemical Findings After Androgen Deprivation Therapy

	Radiation Therapy
	Differential Diagnosis of Prostate Cancer After Radiotherapy
	Immunohistochemical Findings After Radiotherapy

	Cryotherapy
	Ultrasound Hyperthermia, Microwave Hyperthermia, Laser Therapy, and Hot Water Balloon Therapy
	High-Intensity Focused Ultrasound
	Irreversible Electroporation

	Predictive Factors in Prostate Cancer
	Prostate-Specific Antigen
	Stage
	National Comprehensive Cancer Network/American Urological Association Risk Classification
	Pathology of Prostate-Specific Antigen-Detected Adenocarcinoma (Clinical Stage T1c)
	Extraprostatic Extension
	Seminal Vesicle Invasion (Stage pT3b Prostate Cancer)
	Microscopic Bladder Neck Invasion (Stage pT3a Prostate Cancer)
	Surgical Margins
	Perineural Invasion
	Biopsy Cancer Volume
	Location of Cancer
	Lymph Node Metastases
	Distant Metastases
	Morphometric Markers


	Benign Mesenchymal Tumors and Tumor-like Conditions
	Stromal Hyperplasia (Stromal Subtype of Nodular Hyperplasia)
	Leiomyoma
	Pseudosarcomatous Myofibroblastic Proliferation
	Postoperative Spindle Cell Nodule (Postsurgical Inflammatory Myofibroblastic Tumor)
	Solitary Fibrous Tumor
	Blue Nevus
	Other Rare Benign Soft Tissue Tumors

	Sarcoma of the Prostate
	Rhabdomyosarcoma
	Leiomyosarcoma
	Phyllodes Tumor
	Stromal Sarcoma
	Other Sarcomas

	Other Malignancies of the Prostate
	Hematologic Malignancies
	Leukemia
	Malignant Lymphoma
	Multiple Myeloma

	Germ Cell Tumors
	Other Rare Malignancies
	Metastases to the Prostate

	References

	10Seminal Vesicles
	Introduction
	Embryology and Anatomy
	Age-Associated Changes

	Congenital and Acquired Malformations
	Cysts
	Ectopic Prostatic Tissue

	Nonneoplastic Abnormalities
	Amyloidosis
	Stromal Hyaline Bodies
	Fibrosis
	Inflammation
	Calcification and Calculi
	Radiation Changes

	Neoplasms
	Adenocarcinoma
	Metastasis and Contiguous Spread
	Soft Tissue Tumors and Other Tumors

	References

	11Urethra
	Embryologic Development and Normal Anatomy
	Congenital Anomalies
	Urethral Valves
	Urethral Diverticula
	Duplication of the Urethra
	Congenital Urethral Polyp

	Nonneoplastic Diseases
	Urethritis
	Caruncle
	Polypoid Urethritis
	Nephrogenic Adenoma (Metaplasia)
	Malakoplakia
	Amyloidosis
	Condyloma Acuminatum
	Metaplasia of the Urothelium
	Ectopic Prostatic Tissue and Prostatic Urethral Polyp

	Neoplastic Diseases
	Benign Neoplasms
	Papilloma
	Inverted Papilloma
	Malignant Neoplasms
	Urothelial Carcinoma in Association With Carcinoma of the Urinary Bladder
	Primary Urethral Carcinoma
	Urethral Carcinoma in Women
	Adenocarcinoma
	Adenocarcinoma of Accessory Glands
	Clear Cell Carcinoma

	Other Histologic Types of Carcinoma
	Malignant Melanoma

	Soft Tissue Tumors

	References

	12Nonneoplastic Diseases of the Testis
	Embryology and Anatomy of the Testis
	Embryology
	Development of the Testis
	Genetic Mechanisms Involved in Sex Determination and Testicular Differentiation

	Development of the Bipotential Gonad
	Formation of the Gonadal Ridge
	Primordial Germ Cells: Origin, Migration, and Formation of the Gonadal Blastema
	Male-Female Determination
	Testis Differentiation: Development of Seminiferous Cords and Interstitium
	Early Organization of the Gonadal Blastema
	Differentiation of Primordial Germ Cells
	Sertoli Cell Differentiation
	Peritubular Myoid Cell Differentiation
	Leydig Cell Development
	Rete Testis Formation
	Development of the Urogenital Tract

	Hormonal Control of Male Genital Tract Differentiation
	Fetal Testis Structure
	Supporting Structures
	Seminiferous Cords
	Germ Cells
	Sertoli Cells
	Peritubular Myoid Cells
	Leydig Cells
	Other Testicular Cell Types
	Vascularization of the Fetal Testis
	Fetal Epididymis

	Testicular Descent
	Anatomic Structures Involved in Testicular Descent
	Prerequisites for Testicular Descent
	Normal Hormonal Stimulation
	Adequate Intraabdominal Pressure
	Adequate Development of the Processus Vaginalis
	Factors That Regulate Testicular Descent



	Prepubertal Testis
	Development of the Testis From Birth to Puberty
	The Testis at Birth
	Neonatal Development of the Testis
	Testis in Infancy
	The Testis in Childhood

	Relationship of Testis and Epididymis During Infancy, Childhood, and Puberty
	Interpretation of Testicular Biopsy From Prepubertal Testes
	Tunica Albuginea
	Seminiferous Tubules
	Mean Tubular Diameter
	Germ Cell Number
	Sertoli Cell Number

	Leydig Cell Number
	Intertubular Connective Tissue


	Adult Testis
	Anatomy
	Supporting Structures
	Seminiferous Tubules
	Sertoli Cells
	Germ Cells
	Spermatogonia
	Spermatocytes
	Spermiogenesis
	Cycle of the Seminiferous Epithelium

	Tunica Propria

	Testicular Interstitium
	Connective Tissue Cells
	Leydig Cells
	Macrophages, Neuron-like Cells, and Mast Cells
	Blood and Lymphatic Vessels
	Nerves
	Rete Testis



	Congenital Anomalies of the Testis
	Alterations in Number, Size, and Location
	Anorchidism
	Monorchidism
	Testicular Regression Syndrome
	True Agonadism (46,XY Gonadal Agenesis Syndrome)
	Rudimentary Testes Syndrome
	Congenital Bilateral Anorchidism
	Vanishing Testes Syndrome
	Leydig Cell-Only Syndrome


	Microorchidism
	Polyorchidism
	Testicular Hypertrophy (Macroorchidism)
	Congenital Leydig Cell Hyperplasia
	Compensatory Hypertrophy of the Testis
	Idiopathic Benign Macroorchidism
	Bilateral Megalotestes With Low Gonadotropins
	Fragile X Chromosome; Martin-Bell Syndrome
	Other Causes of Testicular Hypertrophy
	Testicular Hypertrophy Secondary to Follicle-Stimulating Hormone-Secreting Pituitary Adenoma

	Precocious Puberty
	Central Precocious Puberty
	Peripheral Precocious Puberty
	Familial Testotoxicosis: Gonadotropin-Independent Precocious Puberty or Familial Male-Limited Precocious Puberty
	Precocious Pseudopuberty Secondary to Functioning Tumors
	Precocious Pseudopuberty Secondary to Disorders in Aromatase Activity
	Aromatase Excess Syndrome
	Aromatase Deficiency Syndrome
	Precocious Pseudopuberty Secondary to Leydig Cell Hyperplasia With Focal Spermatogenesis

	Mixed Precocious Puberty

	Testicular Ectopia
	Testicular Exstrophy (Scrotoschisis)
	Testicular Fusion
	Bilobed Testis

	Hamartomatous Testicular Lesions
	Cystic Dysplasia of the Testis
	Cystic Dysplasia of the Rete Testis
	Cystic Dysplasia of the Epididymis

	Hamartoma of the Rete Testis
	Fetal Gonadoblastoid Testicular Dysplasia
	Sertoli Cell Nodule (Hypoplastic Zones or Dysgenetic Tubules)
	Tubular Hamartoma (Androgen Insensitivity Syndrome)
	Lymphangiectasis
	Congenital Testicular Lymphangiectasis
	Epididymal Lymphangiectasis

	Other Hamartomatous Testicular Lesions

	Ectopias
	Persistence of Gonadal Blastema
	Seminiferous Tubule Ectopia
	Leydig Cell Ectopia
	Adrenal Cortical Ectopia
	Other Ectopias

	Undescended Testes
	True Cryptorchidism
	Etiology
	Congenital Cryptorchidism
	Acquired Cryptorchidism

	Pathogenesis
	Histology
	Prepubertal Testes: Morphologic Classification
	Pubertal and Adult Testes

	Validation of the Morphologic Classification of the Prepubertal Undescended Testes Lesions
	Effectiveness of Treatment in Undescended Testes
	Congenital Anomalies Associated With Undescended Testes
	Complications of Cryptorchidism
	Testicular Cancer
	Infertility
	Testicular Torsion
	Iatrogenic Atrophy
	Psychological Problems

	Benefit of Testicular Biopsy in Patients With Cryptorchidism

	Obstructed Testes
	Retractile Testes

	Testicular Microlithiasis
	Incidence
	Pathology and Histogenesis
	Microlithiasis and Testicular Cancer
	Rete Testis, Epididymis, and Vaginal Microlithiasis and Calcifications


	Disorders of Sex Development
	Gonadal Dysgenesis
	Types of Gonads in Patients With Gonadal Dysgenesis and Correlation With Clinical Syndromes
	Classic Streak Gonad
	Hypoplastic Ovary (Dysgenetic Ovary)
	Streak Gonad With Epithelial Cord-like Structures
	Dysgenetic Testis
	Streak Testis

	True Agonadism
	45,X0 Gonadal Dysgenesis
	Patients With Chromosomal Mosaicisms

	46,XX Gonadal Dysgenesis
	46,XY Gonadal Dysgenesis
	Mixed Gonadal Dysgenesis
	Dysgenetic Male Pseudohermaphroditism
	Persistent Müllerian Duct Syndrome
	Other Forms of Gonadal Dysgenesis

	Ovotesticular Disorder (True Hermaphroditism)
	Undermasculinization (Male Pseudohermaphroditism)
	Impaired Leydig Cell Activity
	Androgen Synthesis Deficiencies
	Congenital Lipoid Adrenal Hyperplasia
	3β-Hydroxysteroid Dehydrogenase Deficiency
	17α-Hydroxylase/17,20-Lyase Deficiency
	17,20-Desmolase Deficiency
	17β-Hydroxysteroid Dehydrogenase Deficiency

	Leydig Cell Hypoplasia

	Impaired Androgen Metabolism in Peripheral Tissues
	Androgen Insensitivity Syndromes
	Complete Androgen Insensitivity Syndrome (Complete Testicular Feminization Syndrome)
	Partial Androgen Insensitivity Syndrome (Partial Testicular Feminization Syndrome)
	Mild Androgen Insensitivity Syndrome
	Kennedy Disease

	5α-Reductase Deficiency

	Other Forms of Male Undermasculinization
	Smith-Lemli-Opitz Syndrome
	Opitz Syndrome
	ATRX Syndrome



	Infertility
	Testicular Biopsy
	Indications
	Qualitative and Quantitative Evaluation
	Common Lesions
	Sertoli Cell-Only Syndrome
	Sertoli Cell-Only Syndrome With Immature Sertoli Cells
	Sertoli Cell-Only Syndrome With Dysgenetic Sertoli Cells
	Sertoli Cell-Only Syndrome With Mature Sertoli Cells
	Sertoli Cell-Only Syndrome With Involuting Sertoli Cells
	Sertoli Cell-Only Syndrome With Dedifferentiated Sertoli Cells

	Tubular Hyalinization
	Dysgenetic Hyalinization
	Hyalinization Caused by Hormonal Deficit
	Ischemic Hyalinization
	Postobstructive Hyalinization
	Postinflammatory Hyalinization
	Hyalinization Caused by Physical or Chemical Agents

	Diffuse Lesions in Spermatogenesis
	Lesions in the Adluminal Compartment of Seminiferous Tubules
	Young Spermatid Sloughing
	Late Primary Spermatocyte Sloughing
	Early Primary Spermatocyte Sloughing
	Etiology Overview
	Rete Testis Obstruction
	Seminiferous Tubule Obstruction
	Lesions in the Basal and Adluminal Compartments of Seminiferous Tubules
	Hypospermatogenesis: Types and Etiology
	Etiology of Hypospermatogenesis: Overview
	Hormonal Dysregulation
	Congenital Germ Cell Deficiency
	Sertoli Cell Dysfunction
	Leydig Cell Dysfunction
	Androgen Insensitivity
	Physical and Chemical Agents
	Etiology of Hypospermatogenesis Associated With Primary Spermatocyte Sloughing
	Spermatogonial Maturation Arrest
	Focal Lesions in Spermatogenesis (Mixed Atrophy)


	Germ Cell Anomalies in Infertile Patients
	Giant Spermatogonia
	Multinucleate Spermatogonia
	Dislocated Spermatogonia
	Megalospermatocytes
	Multinucleate Spermatids
	Malformed Spermatids

	Morphologically Abnormal Spermatozoa
	Anomalies of the Spermatozoal Head
	Anomalies of the Spermatozoal Tail
	Cytoplasmic Remnants
	Bent Tail
	Coiled Tail
	Tail Stump (Short-Tail Spermatozoa)
	Multiple Tails
	Sperm Tail Agenesis
	Sperm With Abnormal Elongation of the Tail

	Anomalies of the Connecting Piece
	Anomalies of the Axoneme
	Anomalies of Periaxonemal Structures

	Presence of Tumoral Cells
	Anomalies of Leydig Cells
	Mast Cells
	Macrophages

	Correlation Between Testicular Biopsy and Spermiogram
	Obstructive Azoospermia and Oligozoospermia
	Classification of Obstructive Azoospermia by Location
	Proximal Obstruction
	Distal Obstruction
	Mixed Obstruction

	Etiology of Obstructive Azoospermia
	Congenital Azoospermia
	Agenesis of All Mesonephric Duct Derivatives
	Epididymal Anomalies
	Vas Deferens Anomalies
	Anomalies of Seminal Vesicle and Ejaculatory Duct
	Acquired Azoospermia
	Testicular and Epididymal Lesions Resulting From Obstruction of Sperm Excretory Ducts
	Location of Obstruction
	Etiology of Obstruction
	Duration of Obstruction


	Functional Azoospermia and Oligozoospermia
	Young Syndrome
	Alterations in Spermatozoon Transport

	Summary of Diagnostic Groups Suggested by Testicular Biopsy

	Infertility and Chromosomal Anomalies
	Abnormalities in Sex Chromosomes
	Klinefelter Syndrome
	Genetic and Clinical Aspects
	Klinefelter Syndrome 46,XY/47,XXY
	Klinefelter Syndrome 48,XXYY
	Klinefelter Syndrome 48,XXXY and 49,XXXYY
	Association With Malignancy
	Occurrence in Childhood
	Association With Precocious Puberty
	Association With Hypogonadotropic Hypogonadism

	46,XX Males (XX Sex Reversal, Testicular Disorder of Sex Development)
	46,XX Males With Male Phenotype and Normal External Genitalia
	46,XX Males With Ambiguous External Genitalia
	Etiology

	47,XYY Syndrome
	Structural Anomalies of the Y Chromosome
	Deletions and Microscopically Visible Rearrangements in Infertile Patients
	Monocentric Deleted Yq Chromosome
	Dicentric Yq Isochromosomes
	Ring Y Chromosome
	Y/Y Translocation Chromosome
	Translocation of Y Chromosome to X Chromosome
	Autosomal translocation of Y Chromosome
	Microdeletions of Y Chromosome

	Structural Anomalies of the X Chromosome

	Anomalies in Autosomes
	Chromosomal Translocations and Inversions
	Down Syndrome


	Other Syndromes Associated With Hypergonadotropic Hypogonadism
	Secondary Idiopathic Hypogonadism
	Gonadotropin-Releasing Hormone Deficit
	Constitutional Delay of Growth and Puberty
	Isolated Gonadotropin Deficit
	Idiopathic Normosmic Hypogonadotropic Hypogonadism
	Hypogonadism Associated With Anosmia
	Kallmann Syndrome
	CHARGE Syndrome

	Isolated Luteinizing Hormone Deficiency
	Isolated Follicle-Stimulating Hormone Deficiency
	Bioinactive Follicle-Stimulating Hormone and Luteinizing Hormone
	Mutations in Gonadotropin Receptor Genes
	Growth Hormone Deficit
	Prader-Willi Syndrome or Hypotonia-Hypomentia-Hypogonadism-Obesity Syndrome
	Bardet-Biedl Syndrome
	Hypogonadotropic Hypogonadism Associated With Dermatologic Diseases
	Hypogonadotropic Hypogonadism Associated With Ataxia
	Ataxia-Telangiectasia
	Friedreich Ataxia
	Boucher-Neuhäuser Syndrome
	Gordon-Holmes Syndrome
	Carpenter Syndrome
	Biemond Syndrome
	Fraser Syndrome (Meyer-Schwickerath Syndrome or Ullrich-Feichtiger Syndrome)


	Hypogonadism Secondary to Endocrine Gland Dysfunction and Other Disorders
	Hypothalamus-Hypophysis
	Hypopituitarism
	Hyperprolactinemia

	Thyroid Gland
	Adrenals
	Congenital Adrenal Hypoplasia With Hypogonadotropic Hypogonadism
	Congenital Adrenal Hyperplasia
	Deficit in 17β-Hydroxylase
	Deficit in 20α-Hydroxylase
	Deficit in 3β-Hydroxysteroid Dehydrogenase
	Steroid 17α-Hydroxylase Deficiency

	Cushing Syndrome
	Adrenal Cortical Tumors
	Primary Pigmented Adrenocortical Disease
	Adrenocorticotropic Hormone-Independent Macronodular Adrenal Hyperplasia

	Pancreas
	Diabetes Mellitus
	Mucoviscidosis

	Liver
	Hypogonadism, Liver Disease, and Excessive Alcohol Consumption
	Nonalcoholic Liver Diseases and Infertility

	Kidney
	Autosomal Dominant Polycystic Renal Disease
	Chronic Renal Insufficiency

	Chronic Inflammatory Bowel Disease
	Celiac Disease
	Inflammatory Bowel Disease

	AIDS
	Chronic Anemia
	β-Thalassemia
	α-Thalassemia
	Sickle Cell Anemia
	Fanconi Anemia Syndrome

	Obesity
	Starvation
	Autoimmune Polyglandular Syndrome
	Features of Hypogonadism in Patients With Polyglandular Autoimmune Syndrome

	Inherited Metabolic Diseases
	Hemochromatosis and Infertility
	Galactosemia
	Kearns-Sayre Syndrome
	Adrenoleukodystrophy (Adrenal Testicular Myeloneuropathy)
	Primary Hyperoxaluria
	D-Bifunctional Protein Deficiency
	Fabry Disease
	Wolman Disease
	Niemann-Pick Disease
	Cystinosis
	CDG1 (Abnormal Glycosylated Proteins)
	Alström Syndrome
	Selenoprotein Deficiency Disorder


	Infertility Secondary to Physical and Chemical Agents
	Occupational Exposure
	Carbon Disulfide
	Dibromochloropropane
	Lead
	Oral Contraceptive Manufacture

	Endocrine-Disrupting Compounds
	Recreational Drugs and Doping
	Radiation
	Heat
	Testicular Trauma
	Traumatic Hematocele
	Testicular Dislocation or Luxation
	Testicular Trauma and Infertility

	Cancer Therapy
	Radiation Therapy
	Chemotherapy
	Potential for Fertility After Cancer Treatment in Childhood

	Estrogen and Antiandrogen Therapy
	Surgery

	Infertility in Patients With Spinal Cord Injury

	Inflammation and Infection
	Orchitis
	Viral Orchitis
	Bacterial Orchitis
	Granulomatous Orchiepididymitis
	Tuberculosis
	Syphilis
	Leprosy
	Brucellosis
	Sarcoidosis

	Malakoplakia
	Orchiepididymitis Caused by Fungi and Parasites
	Idiopathic Granulomatous Orchitis
	Peritumoral Granulomatous Orchitis
	Focal Orchitis (Primary Autoimmune Orchitis)

	Testicular Pseudolymphoma
	Histiocytosis With Testicular Involvement

	Other Testicular and Epididymal Lesions
	Epididymitis Nodosa
	Epididymitis Induced by Amiodarone
	Ischemic Granulomatous Epididymitis
	Vasculitis
	Polyarteritis Nodosa
	Wegener Disease
	Thromboangiitis Obliterans
	Giant Cell Arteritis
	Henoch-Schönlein Purpura
	Cogan Disease
	Behçet Disease

	Amyloidosis
	Testicular Infarct
	Spermatic Cord Torsion
	Other Causes of Testicular Infarct


	Other Testicular Diseases
	Cystic Malformation
	Cyst of the Tunica Albuginea
	Cyst of the Rete Testis
	Simple Cyst of the Testis

	Disorders of the Rete Testis
	Dysgenesis
	Acquired Disorders of the Rete Testis
	Metaplasia
	Reactive Hyperplasia of the Rete Testis
	Cystic Ectasia of the Rete Testis (Acquired Cystic Transformation)
	Simple Cystic Transformation
	Cystic Transformation With Epithelial Metaplasia
	Cystic Transformation With Crystalline Deposits
	Adenomatous Hyperplasia
	Hyperplasia With Hyaline Globule Formation
	Intracavitary Polypoid Nodular Proliferation



	References

	13Neoplasms of the Testis
	Staging
	Patterns of Metastasis
	Gross Examination
	Germ Cell Tumors
	Classification
	Histogenesis
	Epidemiology
	Cryptorchidism
	Prior Testicular Germ Cell Tumor
	Family History
	Disorders of Sex Development
	Infertility
	Other Associations

	Germ Cell Neoplasia in Situ and Related Germ Cell Tumors
	Germ Cell Neoplasia in Situ
	Special Studies
	Differential Diagnosis
	Prognosis
	Biopsy Diagnosis
	Treatment

	Seminoma
	Clinical Features
	Pathologic Findings

	Seminoma With Syncytiotrophoblast Cells
	Special Studies
	Differential Diagnosis
	Treatment and Prognosis

	Embryonal Carcinoma
	Clinical Features
	Pathologic Features
	Special Studies
	Differential Diagnosis
	Treatment and Prognosis

	Yolk Sac Tumor, Postpubertal-Type
	Clinical Features
	Pathologic Features
	Special Studies
	Differential Diagnosis
	Treatment and Prognosis

	Choriocarcinoma and Other Trophoblastic Neoplasms
	Clinical Features
	Pathologic Features
	Special Studies
	Differential Diagnosis
	Treatment and Prognosis

	Nonchoriocarcinomatous Trophoblastic Tumors
	Teratoma, Postpubertal-Type
	Clinical Features
	Pathologic Features
	Special Studies
	Differential Diagnosis
	Treatment and Prognosis

	Teratoma With Somatic-Type Malignancy
	Primitive Neuroectodermal Tumor
	Mixed Germ Cell Tumor
	Clinical Features
	Pathologic Features

	Polyembryoma and Diffuse Embryoma
	Treatment and Prognosis

	Germ Cell Tumors of Unknown Type
	Regressed Germ Cell Tumors
	Postchemotherapy Specimens


	Germ Cell Tumors Not Derived From Germ Cell Neoplasia in Situ
	Spermatocytic Tumor
	Clinical Features
	Pathologic Features
	Special Studies
	Treatment and Prognosis
	Differential Diagnosis

	Spermatocytic Tumor With Sarcoma
	Teratoma, Prepubertal-Type
	Dermoid Cyst
	Epidermoid Cyst
	Well-Differentiated Neuroendocrine Tumor (Monodermal Teratoma)
	Mixed Teratoma and Yolk Sac Tumor, Prepubertal-Type
	Yolk Sac Tumor, Prepubertal-Type


	Sex Cord-Stromal Tumors
	Leydig Cell Tumor
	Clinical Features
	Pathologic Features
	Treatment and Prognosis
	Differential Diagnosis

	Sertoli Cell Tumor, Not Otherwise Specified
	Clinical Features
	Pathologic Features
	Differential Diagnosis
	Treatment and Prognosis

	Large Cell Calcifying Sertoli Cell Tumor
	Intratubular Large Cell Hyalinizing Sertoli Cell Neoplasia
	Granulosa Cell Tumor
	Adult Granulosa Cell Tumor
	Juvenile Granulosa Cell Tumor

	Tumors in the Fibroma-Thecoma Group
	Myoid Gonadal Stromal Tumor
	Mixed and Unclassified Sex Cord-Stromal Tumors

	Tumors Containing Both Germ Cell and Sex Cord-Stromal Elements
	Gonadoblastoma
	Clinical Features
	Pathologic Features
	Special Studies
	Treatment and Prognosis
	Differential Diagnosis


	Miscellaneous Tumors of the Testis and Paratesticular Tissue
	Ovarian-Type Epithelial Tumors

	Miscellaneous Lesions
	Juvenile Xanthogranuloma
	Hemangioma
	Other Soft Tissue Tumors

	Hematolymphoid Tumors
	Lymphoma
	Clinical Features
	Pathologic Features
	Prognosis
	Differential Diagnosis

	Plasmacytoma
	Leukemia, Including Myeloid Sarcoma
	Rosai-Dorfman Disease

	Tumors of Collecting Duct and Rete Testis
	Adenoma
	Cystic Dysplasia
	Adenocarcinoma

	Metastatic Tumors
	Diagnostic Approach to Testicular Tumors
	References

	14Spermatic Cord and Testicular Adnexa
	Introduction
	Embryology and Normal Anatomy
	Embryology
	Anatomy
	Scrotum and Testicular Tunics
	Rete Testis
	Epididymis
	Vas Deferens (Ductus Deferens) and Spermatic Cord


	Congenital Anomalies
	Splenogonadal Fusion
	Adrenal Heterotopia and Renal Ectopia
	Wolffian and Müllerian Remnants
	Appendix Testis (Hydatid of Morgagni)
	Appendix Epididymis (Vestigial Caudal Mesonephric Collecting Tubule)
	Paradidymis (Organ of Giraldes)
	Vasa Aberrantia (Organ of Haller)
	Other Lesions Associated With the Epididymis
	Walthard Rest

	Hernia Sac Specimens: Glandular Inclusions Versus Vas Deferens or Epididymis
	Cystic Fibrosis

	Nonneoplastic Diseases of the Spermatic Cord and Testicular Adnexa
	``Celes´´ and Cysts
	Hydrocele
	Hematocele (Hematoma)
	Varicocele
	Spermatocele (Acquired Epididymal Cyst)
	Mesothelial Cyst
	Epidermoid Cyst (Epidermal Cyst)
	Dermoid Cyst (Mature Teratoma)
	Simple Cyst and Cystic Dysplasia of the Rete Testis

	Inflammatory and Reactive Diseases
	Epididymitis
	Acute Epididymitis
	Chronic Epididymitis
	Sperm Granuloma

	Vasitis and Vasitis Nodosa
	Funiculitis (Inflammation of the Spermatic Cord)

	Meconium-Induced Inflammation
	Vasculitis

	Other Nonneoplastic Diseases
	Torsion of the Spermatic Cord and Embryonic Remnants
	Calculi and Calcification


	Neoplasms
	Benign Neoplasms and Pseudotumors
	Lipoma
	Adenomatous Hyperplasia
	Adenomatoid Tumor (Benign Nonpapillary Mesothelioma)
	Hamartoma (Smooth Muscle Hyperplasia)
	Reactive Mesothelial Hyperplasia
	Benign Papillary Mesothelioma
	Papillary Cystadenoma of the Epididymis
	Fibrous Pseudotumor (Nodular and Diffuse Fibrous Proliferation)
	Leiomyoma
	Melanotic Neuroectodermal Tumor of Infancy (Progonoma; Retinal Anlage Tumor)
	Brenner Tumor
	Gonadal Stromal Tumor
	Other Benign Tumors

	Malignant Neoplasms
	Liposarcoma
	Rhabdomyosarcoma
	Leiomyosarcoma
	Malignant Mesothelioma
	Papillary Serous Tumor of Müllerian Epithelium (Benign and Malignant)
	Adenocarcinoma of the Epididymis
	Malignant Fibrous Histiocytoma
	Other Sarcomas and Malignancies
	Germ Cell Tumor
	Malignant Lymphoma and Hematopoietic Neoplasms
	Metastases


	References

	15Penis and Scrotum
	Penis
	Normal Anatomy and Histology
	Congenital Anomalies
	Nonneoplastic Diseases
	Inflammation
	Phimosis and Paraphimosis
	Fibroepithelial (Lymphedematous) Polyp
	Plasma Cell Balanitis (Zoon Balanitis)
	Balanitis Xerotica Obliterans (Penile Lichen Sclerosus)
	Reiter Syndrome
	Peyronie Disease
	Cutaneous Horn and Leukoplakia
	Penile Prosthesis
	Priapism

	Infections
	Gonorrhea
	Syphilis
	Herpes Simplex and Zoster
	Lymphogranuloma Venereum
	Granuloma Inguinale (Donovanosis)
	Chancroid (Soft Chancre)
	Candidiasis and Other Fungal Infections
	Scabies
	Pediculosis Pubis
	Molluscum Contagiosum
	Erythrasma
	Penile Lesions in AIDS


	Tumor-like Conditions
	Condyloma Acuminatum
	Pearly Penile Papules
	Penile Cysts
	Pseudoepitheliomatous Keratotic and Micaceous Balanitis
	Verruciform Xanthoma

	Neoplastic Diseases
	Benign Neoplasms
	Premalignant Lesions of the Penis
	Malignant Neoplasms
	Squamous Cell Carcinoma
	Variants of Squamous Cell Carcinoma (Human Papillomavirus Related)
	Basaloid Carcinoma, Including Papillary Variant
	Warty (Condylomatous) Carcinoma
	Warty-Basaloid Carcinoma
	Clear Cell Carcinoma
	Medullary Carcinoma of the Penis

	Variants of Squamous Cell Carcinoma: Non-Human Papillomavirus Related
	Verrucous Carcinoma
	Papillary Carcinoma, Not Otherwise Specified
	Carcinoma Cuniculatum
	Pseudohyperplastic Nonverruciform Squamous Cell Carcinoma
	Spindle Cell (Sarcomatoid) Squamous Cell Carcinoma
	Mixed Carcinoma
	Adenosquamous Carcinoma
	Acantholytic Squamous Cell Carcinoma


	Molecular Pathology of Penile Squamous Carcinoma
	Other Malignant Tumors (Nonsquamous Neoplasms)
	Basal Cell Carcinoma
	Malignant Melanoma
	Sarcoma and Other Tumors
	Lymphoma
	Germ Cell Tumors
	Metastases to the Penis



	Scrotum
	Normal Anatomy and Histology
	Nonneoplastic Diseases
	Fournier Gangrene
	Hidradenitis Suppurativa
	Idiopathic Scrotal Calcinosis
	Lipogranuloma
	Epidermal Cyst
	Fat Necrosis

	Neoplastic Diseases
	Squamous Cell Carcinoma
	Basal Cell Carcinoma
	Paget Disease
	Sarcoma


	References

	16Adrenal Glands
	Embryology and Normal Gross Anatomy
	Adrenal Cortex
	Adrenal Medulla

	Microscopic Anatomy
	Examination of the Adrenal Glands

	Congenital and Other Abnormalities
	Congenital Adrenal Aplasia and Hypoplasia
	Adrenal Heterotopia
	Union and Adhesion
	Adrenal Cytomegaly
	Adrenoleukodystrophy
	Congenital Adrenal Hyperplasia
	Pathology of Adrenal Glands in Congenital Adrenal Hyperplasia
	Testicular Adrenal Rest Tumors in Congenital Adrenal Hyperplasia
	Other Tumors Associated With Congenital Adrenal Hyperplasia

	Stress-Related Changes of the Adrenal Gland
	Other Abnormalities

	Nonneoplastic Diseases
	Chronic Adrenal Cortical Insufficiency (Addison Disease)
	Idiopathic or Autoimmune Addison Disease
	Adrenal Tuberculosis
	Histoplasmosis and Other Fungal Infections
	Amyloidosis

	Acute Adrenal Cortical Insufficiency
	Inflammation and Other Infections
	Nonspecific Adrenalitis
	Herpetic Adrenalitis
	Rare Infections

	Adrenal Cortical Hyperplasia
	Nodular Adrenal Gland
	Incidental Cortical Nodule/Adenoma at Autopsy
	Incidental Adrenal Mass Discovered in Vivo
	Incidental Pigmented Cortical Nodule
	Management of the Incidental Adrenal Mass Discovered in Vivo
	Adrenal Cortical Hyperplasia With Hypercortisolism
	Pituitary or Adenocorticotropic Hormone-Dependent Hypercortisolism (Cushing Disease)
	Diffuse and Micronodular Adrenal Cortical Hyperplasia
	Macronodular Hyperplasia
	Ectopic Adrenocorticotropin Hormone Syndrome With Secondary Hypercortisolism
	Primary Pigmented Nodular Adrenal Cortical Disease
	Complex of Myxomas, Spotty Pigmentation, and Endocrine Overactivity: Carney Complex
	Macronodular Hyperplasia With Marked Adrenal Enlargement


	Multiple Endocrine Neoplasia Type 1
	Other Rare Causes of Cushing Syndrome
	Adrenal Cortical Hyperplasia With Hyperaldosteronism
	Adrenal Cortical Hyperplasia With Excess Sex Steroid Secretion
	Adrenal Medullary Hyperplasia
	Adrenal Cyst
	Adrenal Hemorrhage

	Adrenal Neoplasms
	Adrenal Cortical Neoplasms
	Adrenal Cortical Adenoma With Cushing Syndrome
	Adrenal Cortical Adenoma With Primary Hyperaldosteronism (Conn Syndrome)
	Functional Pigmented (Black) Adrenal Cortical Adenoma
	Adrenal Cortical Neoplasms With Virilization or Feminization
	Oncocytic Adrenal Cortical Neoplasms (Adrenal Oncocytoma)
	Adrenal Cortical Carcinoma
	Other Adrenal Cortical Neoplasms

	Pheochromocytoma
	Hereditary Pheochromocytoma-Paraganglioma
	Pathology of Pheochromocytoma
	Pheochromocytoma in Multiple Endocrine Neoplasia Type 2
	Composite Pheochromocytoma
	Pseudopheochromocytoma
	Immunohistochemistry and Other Features
	Malignant Pheochromocytoma


	Peripheral Neuroblastic Tumors: Neuroblastoma, Ganglioneuroblastoma, and Ganglioneuroma
	In Situ Neuroblastoma
	Peripheral Neuroblastic Tumors
	Original Age-Linked Classification of Neuroblastoma
	International Neuroblastoma Pathology Classification
	Ancillary Techniques
	Molecular Genetics in Neuroblastomas
	Staging of Neuroblastoma and Ganglioneuroblastoma
	Stage IV-S Neuroblastoma and Patterns of Spread by Peripheral Neuroblastic Tumors
	Ganglioneuroma

	Other Adrenal Tumors
	Myelolipoma
	Adenomatoid Tumor
	Malignant Lymphoma
	Mesenchymal Tumors
	Malignant Melanoma
	Other Unusual Tumors and Tumor-like Lesions

	Tumors Metastatic to the Adrenal Glands
	References

	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Inside Back Cover

