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The single-volume “blue book” that paved the way for the
multivolume Netter Collection of Medical Illustrations
series, affectionately known as the “green books.”

r. Frank H. Netter exemplified the distinct
Dvocations of doctor, artist, and teacher.
Even more important, he unified them. Netter’s
illustrations always began with meticulous
research into the forms of the body, a philosophy
that steered his broad and deep medical under-
standing. He often said, “Clarification is the
goal. No matter how beautifully it is painted, a
medical illustration has little value if it does not
make clear a medical point.” His greatest chal-
lenge—and greatest success—was chartering a
middle course between artistic clarity and
instructional complexity. That success is cap-
tured in this series, beginning in 1948, when
the first comprehensive collection of Netter’s
work, a single volume, was published by CIBA
Pharmaceuticals. It met with such success that
over the following 40 years the collection
was expanded into an eight-volume series—each
devoted to a single body system.

In this second edition of the legendary series,
we are delighted to offer Netter’s timeless work,
now arranged and informed by modern text and
radiologic imaging contributed by field-leading doctors
and teachers from world-renowned medical institutions
and supplemented with new illustrations created by
artists working in the Netter tradition. Inside the classic
green covers, students and practitioners will find
hundreds of original works of art—the human body
in pictures—paired with the latest in expert medical
knowledge and innovation, and anchored in the sublime
style of Frank Netter.

Dr. Carlos Machado was chosen by Novartis to be
Dr. Netter’s successor. He continues to be the primary
artist contributing to the Netter family of products. Dr.
Machado says, “For 16 years, in my updating of the
illustrations in the Netter Atlas of Human Anatomy,
as well as many other Netter publications, I have faced
the challenging mission of continuing Dr. Netter’s
legacy, of following and understanding his concepts,
and of reproducing his style by using his favorite
techniques.”

Although the science and teaching of medicine
endures changes in terminology, practice, and discov-
ery, some things remain the same. A patient is a patient.
A teacher is a teacher. And the pictures of Dr. Netter—
he called them pictures, never paintings—remain the
same blend of beautiful and instructional resources that
have guided physicians” hands and nurtured their imag-
inations for over half a century.

The original series could not exist without the dedi-
cation of all those who edited, authored, or in other
ways contributed, nor, of course, without the excellence
of Dr. Netter, who is fondly remembered by all who
knew him. For this exciting second edition, we also
owe our gratitude to the authors, editors, advisors, and
artists whose relentless efforts were instrumental in
adapting these timeless works into reliable references
for today’s clinicians in training and in practice. From
all of us at Elsevier, we thank you.

ABOUT THE SERIES

CUSHING’S SYNDROME IN A PATIENT WITH THE CARNEY COMPLEX

Carney complex is characterized
by spotty skin pigmentation.
Pigmented lentigines and blue
nevi can be seen on the face—
including the eyelids, vermillion
borders of the lips, the
conjunctivae, the sclera—and the
labia and scrotum.

Additional features of the
Carney complex can include:

» Myxomas: cardiac atrium,
cutaneous (e.g., eyelid),
and mammary

B Testicular large-cell
calcifying Sertoli cell tumors

» Growth-hormone
secereting pituitary adenomas

P Psammomatous
melanotic schwannomas

Clachack

PPNAD adrenal glands are usually of normal size and most are
studded with black, brown, or red nodules. Most of the pigmented
nodules are less than 4 mm in diameter and inlerspersecfin the
adjacent atrophic cortex.

A brand new illustrated plate painted by Carlos Machado,
MD, for The Endocrine System, Volume 2, ed. 2

Dr. Carlos Machado at work
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“The challenge, therefore, was to absorb and assimilate the

new learning and to exhibit it in a form easily under-

standable, attractive and so instructive that the essential

points could be readily visualized and the more important

details grasped without need for search in specific or original
publications.”

Frank H. Netter MD,

Introduction, The Netter Collection of

Lllustrations, Reproductive System, 1954

No student of medicine, past or present, is unaware of
the extraordinary series of medical illustrations created
by Dr. Frank Netter, the master artist-surgeon. This
incredible body of work has since been carried forward
after Dr. Netter’s passing by the talented Carlos
Machado, MD, and others, all remarkably gifted
medical illustrators. Physicians old and young have
looked at these images time and again for the last five
decades, returning to them as comfortable sources of
clear and clinically succinct information. For many of
us, it was this volume that was bought for us by our
parents as our first textbook in medical school, and is
still cherished to this day.

The Netter series of illustrations underwent 19
printings over 56 years but has never undergone a sub-
stantive revision untl now. The privilege of editing
this monumental tome has been both daunting and

PREFACE

revealing. Dr. Netter’s art is utterly timeless, highly
exact and informed to the point of being prescient.
How do you improve on a masterpiece? On the
other hand, medicine has change dramatically over
the past five decades since this volume first appeared
and demands that entirely new and previously
unimagined medical knowledge be brought to the
readership. Similar to restoring a da Vinci painting or
translating a Nabokov novel, editing this volume has
highlighted for us both the magnitude of change in
medicine and the timelessness of Dr. Netter’s art. Con-
sistent with Dr. Netter’s philosophy, we have chosen to
let the art do most of the speaking and have limited the
text to providing context, clarification, and clinical
application.

It is our hope that this work will be as treasured and
as valued as the original, even if it remains clinically
relevant for only a fraction of the time. Join us as we
celebrate the beauty, logic, mystery, complexity, and
artistic richness of clinical medicine illustrated in this
the second edition of the Netter Collection.

Roger P. Smith, MD
Kansas City, Missouri
Paul J. Turek, MD

San Francisco
November 2010
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ABOUT THE ARTIST FROM THE FIRST EDITION

or over 12 years it has been my privilege to be what

may be called a “regular” in the preparation of the
nearly six hundred pictures which, under CIBA’s spon-
sorship, Dr. Netter has painted for the medical profes-
sion. As a member of a group proposing the program,
as a bystander in the numerous conferences with our
consultants, as a reviewer of the sketches and finished
paintings and, finally, as editor of this volume, my con-
tacts with Frank Netter have been so frequent and so
manifold that I feel qualified to say here a few words
about the man and about his methods.

Netter’s expressional power with brush and color, his
craftsmanship, needs no further comment. The pictures
themselves are, in this respect, the most eloquent wit-
nesses. What the pictures, however, do not reflect to
the mere spectator is the amount of work and study
expended before the artist starts the process of trans-
mitting onto paper his ideas about an anatomic or
pathologic problem or his concepts of the multitudi-
nous facts and details. The simplicity and unsophisti-
cated portrayal of the subject matter make it seem that
these plates have come into existence with miraculous
ease but, in reality, nothing but the artist’s formative act
of painting is spontaneous.

Never satisfied with the mere report-
ing of facts or with an unimaginative
copying of nature, as can be done with
pencil and camera alike, Netter’s cre-
ative forces are generated only after a
complete, intellectual assimilation of a
subject, its scientific background and
its theoretical, as well as practical,
significance. Rarely does he permit
himself a short cut, because he inces-
santly questions the correctness of his
own memory. He starts all over again.
Whether essential or bordering on the
trivial, all anatomic details are recapitu-
lated. All available texts and other
publications, particularly the pertinent
literature of the past 25 years, are read,
checked, rechecked, and compared. It
is actually like classwork, with the main difference that
our “student” performs his task with the support of an
enormously widened horizon and boundless experi-
ence, especially with regard to the relationship of form
and function.

Though, as disclosed in the sessions with the consul-
tants, a certain degree of scientific curiosity guides this
prying into the original sources, the mainspring is his
irresistible compulsion to penetrate and to comprehend
as a physician before liberating the creative forces of
the artist. In this way Netter’s final achievements cause
the sensation of a well-rounded concept and a vivid
reproduction in contrast to an inanimate representation
of endless details. Some of the pictures, of course,
demand less thought and absorption of knowledge than
do others. This, however, is of minor influence on the
total energy expended on the scholarly approach,
because, at least in a collection of pictures such as those
in this book, Netter endeavors to dramatize a complete
narrative of an organ and its structural relationship to
normal, as well as disturbed, function. The single enti-
ties, e.g., of a specific disease, become a part of the
whole story rather than a detached object.

Netter’s concentration during such a “study period”
is so intense that it works like a lock for other brain
activities—a sometimes rather painful discovery for

those surrounding him, as well as for an editor. It is
rather difficult to approach him or to get action in any
affair other than the one occupying his mind. But once
Netter has mastered all the intricacies of the project-in-
the-making, he is immediately available for the next one,
into which he plunges, then, without pause. The “appro-
priation process” for a new topic starts, usually, in the
first conference with the chosen consultant. There, the
primary outline of a chapter is made, and the number
and order of pictures are anticipated, though the ulti-
mate number and order are never the same as originally
conceived. Specimens and countless slides are examined.
Netter, on these occasions, mostly looks on and listens.
Rarely is he observed to make a written note during
these consultations and, if he puts something on paper,
it is usually a rough sketch. This technique is used also
in his reading. Where others make excerpts and abstracts,
Frank Netter uses the pencil to draw a few lines.

While the zealous submersion in books and articles
goes on, subsequent meetings with the consultants
follow at intervals of a month or two. But the character
of these meetings changes markedly after the first con-
ference. Usually during the second session, when
Netter arrives with a pack of sketches, his acquired
familiarity with the field of the expert asserts itself.
Mutual trust and respect between the consultant and
Netter develop with remarkable speed. The sincere and
friendly relations, without which I do not think Frank
Netter could work, are attributable, in part, to his pro-
fessional knowledge and to the acuteness of his mind
but, essentially, to his human personality, his amiability
and his sound sense of humor.

During the years of indecision—long past—when he
did not know whether to turn to a medical career or
follow his inborn talents as a painter, Netter succeeded
in amalgamating physician and artist. With a genuine
seriousness and readiness to accept the responsibility
connotive of a physician and the impelling urge of an
artist, he has now surrendered to his life’s task—to
depict the human body and the causes and processes of
its ailments in a forcefully instructive, easily compre-
hensible, unconventional and artistic form.

E. Oppenheimer, M.D.
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INTRODUCTION TO THE FIRST EDITION

n attempt to determine the natal hours of modern

scientific anatomy is as unavailing as would be an
effort to set an exact date for the beginning of the
Renaissance era. The changes of mind, intellect and
interest, of conceptual thinking, which we in our time
admire in retrospect, began slowly and developed only
over a span of two centuries. One can, however, scarcely
go wrong in stating that the momentum for scientific
research was at no time (except perhaps our own) as
poignant as in the fifteenth and sixteenth centuries.
This was the period in which philosophers, scientists,
physicians and the great artists alike became not only
interested in but devoted to the study of forms and
structures inside the human body. The motives of an
Andrea del Verrocchio (1435-1488), of a Donatello
(1386-1466), of a Leonardo da Vinci (1452-1519), of a
Michelangelo Buonarroti (1475-1564), of a Raffaello
Santi (1483-1520)—just to name a few of the best-
known Renaissance artists—for drawing anatomic sub-
jects are difficult to explain. Whether it was sheer
curiosity, a fashionable trend, scientific interest or other
reasons that prompted them to leave to posterity these
magnificent works of art concerned with the muscles,
bones and internal parts of Homo sapiens, one can be
sure that these drawings were not meant to accompany
or to clarify the anatomist’s dissections and descrip-
tions. Nevertheless, the painters of that period can be
designated as the creators of medical illustration,
because it may safely be assumed that the first useful
instrument that provided a general and more popular
knowledge of the inner structures of the human body
was not the knife of the dissecting anatomist or his
description written in Latin, but the pencil of the artist.
Health, standing second only to nutrition in the minds
of people of all times, must have been a “hot news”
topic half a millennium ago as it is in our day, in which
the so-called “science writer” has taken over the func-
tion of making accessible to contemporary intellectuals
what the language or idiom of the scientist has left
inaccessible.

With the exception of Leonardo, whose geniality and
universal inquisitiveness in every field of science led him
to be far ahead of his contemporaries, none of the many
excellent artists who took a fancy to drawing or painting
anatomic subject matter contributed to the factual
knowledge of anatomy or medicine, but it became a
landmark of extraordinary significance when Andreas
Vesalius (1514-1564) wrote his De Corporis Humani
Fabrica and found in John de Calcar (1499-1546),
Flemish painter and pupil of Titan (1477-1576), the
congenial artist who supplemented the great anatomist’s
revolutionizing work with his magnificent illustrations,
the first true-to-life reproductions of the structures of
the human organism. The “Magna Carta” of anatomy,
as posterity has called Vesalius’ opus, was engendered by
an ideal union of scientist and artist as two equal part-
ners, as far as creative power, each in his own field, goes.

The mystery of the propagation of life occupied the
minds and emotions of mankind from the time the
deities of fertlity demanded devotion and sacrifice.
One naturally is inclined, therefore, to expect that in
ages progressive in science, such as the Renaissance, the
knowledge of the generative tract, or more generally,
the search to elucidate procreative processes, would be
exposed to special benefit and encouragement. This,
however, seems not to be the case, perhaps because
specialization was a thing of naught to Renaissance

mentality. The advances in knowledge of the anatomy
of the reproductive system during the time of Vesalius
and the 300 years after him were as respectable as
those in the lore of all other sciences, but not more
so. Remarkable contributions and disclosures were
reported, as witnessed by the many anatomic designa-
tions which still carry the names of their discoverers,
such as Gabriello Fallopio (1523-1562), Thomas
Wharton (1614-1673), Regnier de Graaf (1641-1673),
Anton Nuck (1650-1692), Edward Tyson (1650-1708),
Caspar Bartholin (1655-1738), Alexis Littré (1658-
1726), William Cowper (1666-1709), James Douglas
(1675-1742), Kaspar Friedrich Wolff (1733-1794),
Johannes Miiller (1801-1852) and others, names that
will be encountered on many pages of this book. But
anatomy of the genital organs and the physiology (or
pathology) of reproduction were not favored by the
appearance of a Harvey who revolutionized the physiol-
ogy of circulation and, with it, of medicine in general.

It is from this historical aspect the more surprising
to observe that under our own eyes, as a matter of fact
within scarcely more than a single generation, so many
new phenomena have come to light, and discoveries so
revolutionizing have been made that our concepts and
knowledge of the physiology and pathology of repro-
duction have undergone fundamental changes. Endo-
crinologic research has presented to us the story of the
mutual relationship between the pituitary gland and the
gonads and of the activities and functions of the secre-
tion products of these organs on the genitals and other
parts of the body. The impact of these scientific accom-
plishments on the practice of medicine, particularly for
the interpretation of genito-urinary and gynecologic
diseases, has been tremendous. In addition to the prog-
ress in endocrinology, we have lived to see simultane-
ously the rise of chemotherapy, which inaugurated a
magic alteration in the character, management and
prognosis of the formerly most frequent diseases of the
reproductive structures.

This progress is not, of course, as everybody knows,
the result of the genius of one or of a few single indi-
viduals; it is the yield of the efforts of an endless number
of scientists from all parts of the world and—in view of
the foregoing paragraphs—it should also be remem-
bered that the speed and the intensity with which this
progress has been achieved have not been restricted
solitarily to the science of reproductive physiology or
pathology of the genital organs but belong to the sci-
entific tide of our times, as can be noticed in all branches
of science.

These chips of thoughts have been uttered here,
because those about the early artist-illustrators occupied
my mind in the few hours of leisure permitted me
during the preparation of this book, and those about
the recent changes in our specific topic suggested them-
selves continuously during the preparation of the new
and the checking of the older plates. The situation the
advancements in our knowledge have caused, as indi-
cated sketchily in the foregoing, presented a specific
task and, concurrently, a straightforward challenge. In
spite of my intentions and efforts, shared, I am sure, by
allresponsible practicing physicians, to “keep informed”,
many of the facts, facets, connections, concepts, etc.,
which experimental biology and medicine have brought
to light, were novelties to me, as they must be or have
been to a generation of still-active physicians—those
who studied medicine during the time of my school days

or even before. The challenge, therefore, was to absorb
and assimilate the new learning and to exhibit it in a
form easily understandable, attractive and so instructive
that the essential points could be readily visualized and
the more important details grasped without need for
search in specific or original publications.

The subjects of the pictures were selected on the
basis of what seemed to be of the greatest clinical
import and interest. Although we aimed to secure a
reasonably complete coverage, it is obvious that not
everything could be included. With the newer knowl-
edge crowding in so rapidly upon the old and from so
many sources—chemistry, biology, anatomy, physiol-
ogy, pathology, etc .—with the accumulation of so
many pertinent data, the book could have grown to
twice its size. Would we, with greater completeness,
have better served the student or busy practitioner with
his difficulties in following and correlating? It was the
opinion of all concerned that this would not have been
the case and that the adopted restriction would prove
more helpful. Actually, the book grew much larger than
was originally anticipated, particularly because it was
felt that certain “correlation” or “summation” plates,
e.g., pages 5, 105, 115, 120, 162, 175, 211, 213, 214, and
241, were necessary for the mission we flattered our-
selves this book could fulfill.

In view of the steadily increasing number of plates,
it was natural that at some time during the preparation
of the book the question should be seriously discussed
and considered whether the treatise on the male and
female reproductive systems should appear as separately
bound books or in one volume under the same cover.
The decision fell in favour of a single volume contain-
ing the exhibit of both genital tracts, because separation
into two volumes would have seriously counteracted my
earnest striving for integration of the knowledge on the
two tracts. It was also felt very strongly that the small
monetary advantage that would have been gained by
those distinctly interested in only one part of the
book—in all probability a small minority—would be
more than compensated by the educational benefit con-
ferred by the contiguity of the topics and the amalga-
mation of the two parts.

Whereas in the series of illustrations published in
earlier years, the gross anatomy of an organ was reviewed
in direct association with the pictures on the pathology
of that organ, it will be found that for the purpose of
this book the anatomy of the organs follows the descrip-
tion of the anatomy of the whole system. In other words,
Section IT and Section VI contain, respectively, the
accounts of the male and the female genital tracts in
toto, succeeded by more detailed depictions of the parts.
This arrangement was thought to be more expedient
from the didactic and more logical from the organiza-
tional points of view. As a consequence of this method,
it will be noted that Section VI, in contrast to the other
sections, each of which was compiled and prepared with
one consultant, lists numerous collaborators, each
describing the anatomy of that part of the tract for which
he was consultant in the sections on the diseases. The
danger of inconsistencies or lack of uniformity in one
section that might have been incidental to this concur-
rent effort of a plurality was happily circumvented by
the splendid adaptability of each individual coauthor.
Duplication of features within the paintings were
avoided by appropriate planning. Repetitions, occurring
when the essays were submitted, could be eliminated
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without any difficulty, although a few were allowed to
remain intentionally, mostly because it seemed war-
ranted to discuss certain points from different aspects.

In Section VI we have also inserted pictures not
originally painted for the series collected in this book.
Neuropathways of Parturition (page 105) seemed,
however, to fit in with the illustrations of the innerva-
tion of the female genital tract and to make a desirable
supplement. I am greatly obliged to Dr: Hingson for his
approval of the use of this picture together with his
rearranged explanatory text.

From Dr. Decker’s article in CIBA CLINICAL
SYMPOSIA (4:201 (August-September) 1952), we took
one plate demonstrating the technique of Culdoscopy
(page 123) and, in abbreviated form, his description.
The culdoscopic views used in Sections X and XII are
from the same source. I drew them from actual observa-
tions through the culdoscope in Dr. Decker’s clinic.
His co-operative courtesy and permission are gratefully
acknowledged.

The plates on diagnostic topics, I would like to
emphasize, are by no means intended as instructions for
the execution of such procedures, nor are they or the
concomitant texts proposed as precepts for the evalua-
tion of the results. It would not have been difficult to
add more diagnostic features and to describe with brush
and pen a great many technical details and also a great
many varieties of diagnostic results. This was consid-
ered definitely beyond the scope and purpose of this
book. The same holds true for the illustrating of opera-
tive procedures. The four plates pictorializing the Sur-
gical Approaches to the prostate (pages 58-61) were
included because Dr. Vest and I were convinced they
would satisfy a need of the nonurologists and would
acquaint them with the urological reasonings underly-
ing the urologist’s proposals for the management of the
recommended patient. No such necessity seemed to
exist for the great variety of surgical techniques in the
field of gynecology. It is great fun for an artist to paint
surgical procedures in their various phases, particularly
when properly directed by an experienced surgeon. I
did not surrender to such temptation, because it would
have jeopardized the adopted principal purpose of the
book, which, in short, is to promote the understanding
of medical facts and problems but not to show how
things are done. For the same reason we omitted from
this volume topics concerned with obstetrics, in spite of
the fact that pictures of this kind were available, as T had
made some for CIBA in whose CLINICAL SYMPO-
STA (4:215 (October) 1952) they appeared.

Several pictures dealing with the development of the
reproductive systems or organs were added, because of
the fact that the interpretation and understanding of
most congenital anomalies and also of some pathologic
conditions are difficult, if at all possible, without at least
a cursory idea of the embryology of the generative
organs. A brief, admittedly oversimplified survey of the
formation of the fetal internal and external genitalia,
therefore, seemed in order (pages 2 and 3). With these
plates, as with those demonstrating in rudimentary
fashion the development and implantation of the ovum
and fetal membranes (pages 217 and 218), nothing was
further from my mind than to introduce the reader into
the complex details that embryologic research has
brought to light. The scientific importance of these
details is beyond question, but they have—at least to
my knowledge and at this moment—no direct bearing
on the interest of the majority of those for whom this
book has been prepared.

To mention all the deliberations and reflections
which, in the course of several years, shaped this book
is impossible, but I would like to say a few words more

to express my appreciation to each of the consultants. I
agree wholeheartedly with the editor’s statement in the
preface that this volume in its present form could not
have been executed without their unerring and intense
devotion. The support I received from their knowledge
and experience and from the material they placed at my
disposal was vitally essential for the entire project.

Dy Vest, who patronized Sections I through V and
Section XIV, is one of my steadfast, unwavering col-
laborators and has become a long-tried, but still critical,
friend. For over a decade I have been fortunate enough
to enjoy not only his giving freely of his expert informa-
tion but also his remarkable comprehension of what is
didactically important and unimportant. I deeply regret
that with the completion of this series of illustrations I
will have to forego his co-operation for the present, and
I await anxiously that time which will enable me again
to have him participate in my efforts, when we are ready
for the illustrations of the urinary tract.

For the plates covering the complex topic, Testicular
Failure (pages 73-79), in Dr. Vest’s Section V, we
received stimulus and help from Dr: Warren O. Nelson
(University of Iowa), who not only offered his profi-
cient advice derived from his long-time special study of
the anatomy, physiology and pathology of the human
testis, but provided us also with a great number of slides
from his impressive collection. From this source stem
also the microscopic views on pages 73 and 82.

The treatment of the subject matter on Testicular
Failure presented a delicate problem, because no final
concept of the various conditions has been agreed upon.
The knowledge in this field is still in an evolutionary
state, but by the importance these conditions assume
nowadays in the practice of medicine, we were forced,
so to say, to take a stand and to compromise with the
general principle maintained in this book, namely, to
avoid controversial matters. It is realized that the
concept we submit in the presentation of Testicular
Failure might not find approval with all investigators,
and the reader should understand that in due course
new findings may be recorded which may substantially
change the information now available.

In connection with Dr. Vest’s sections, I would like,
furthermore, to thank Dr: 7. E. Kindred (University of
Virginia) for his generosity in permitting me to make
free use of his own drawing of the phases of spermato-
genesis, which I followed in great detail, in preparing
the schematic picture on page 25.

A sizeable part of the book—altogether 44 plates—
were under the consultative sponsorship of D7 Gaines,
whose active interest in my work also dates back over a
decennium. His participation in this book began with
his contribution to Section VI, continued with Section
VII and ended with his collaborative effort and prepara-
tion of the learned text for Section XI. Diseases of the
Ovary represents surely, with regard to organizational
arrangement and factual information, one of the most
complicated chapters of morbid anatomy and histopa-
thology. Dr. Gaines’ decisive counseling in the selec-
tion of the conditions to be portrayed and his support
of my aim to demonstrate exemplary rather than spe-
cific entities were of indispensable help, which I would
like to recognize with my profound thanks. A certain
restraint was necessary, naturally, in all sections but in
none more essential than in Section XI, where a limit-
less possibility to demonstrate more and more speci-
mens of cysts or tumors can readily be envisaged.

The series on Major Anatomy and Pathology of the
Breast, prepared and issued in 1946, has been in such
demand since its appearance that it seemed advisable to
insert Section XIIT in this volume, dealing with the
entire reproductive system. Dr. Geschickter, to whom I

Introduction to the First Edition

was indebted for his counsel when the pictures were
made, gladly agreed to check the plates and to revise
the texts. Except for the substitution of one microscopic
view and omission of one plate, the series of paintings
remained unchanged and was found to meet modern
requirements. Dr. Geschickter’s attending to overhaul-
ing the texts—a rather troublesome task—is deeply
appreciated.

For the composition of the chapter on Diseases of
the Uterus (Section IX) and the cyclic function of this
organ (part of Section VI), it was my great fortune to
have the collaboration of Dr: Sturgis. I will never forget
the stimulus and benefit I received from his critical
attitude on one side and his enthusiasm for the whole
book on the other. It was sheer pleasure to work with
him. Similarly, as with the plates on Testicular Failure,
the treatment of the physiology of menstruation was
not easy, because too many unknowns still obscure the
prospect of a clear-cut, invulnerable concept. My admi-
ration for Dr. Sturgis’ instructive contribution and for
the way he mastered the difficulties are only surpassed
by my gratitude to the fate that brought us together.

My reverence for Dr: Rubin goes back to my school
days, and it made me very happy that I could obtain his
and Dr. Novak’ co-operation for the production of
Section X. The major task and the tiresome working
out of the details fell upon the shoulders of Dr. Novak,
whose sound conservatism and astute wisdom provided
the book and me with a vivid enlightenment. I am under
special obligation to Dr. Novak for his handling of
matter and text, because, more than in other sections,
we felt, while preparing the chapter on Diseases of the
Fallopian Tubes, that the sectional arrangement
according to organs had introduced some shortcom-
ings. The congenital anomalies, and particularly the
infections, could have been described in a more logical
fashion in a discourse of these conditions affecting the
entire female tract. Since division according to organ
pathology was due to the chronologic development of
the book and its parts, and since a change would have
caused a number of other handicaps, a compromise
became necessary, which, thanks to the discernment of
the collaborators, was not too difficult.

Dy Assali and Dr. Zeek have made the much-neglected
pathology of the placenta and concurrent clinical phe-
nomena their life’s task. It was a thrilling experience for
me to meet them, and I am deeply indebted to these
two scientists for the interest they displayed and for the
many hours they spent in acquainting me with the
results of their own studies and the status of our knowl-
edge in this sphere of science.

Last, because it concerns the most recent pictures I
painted for this volume but assuredly not least, my
thanks are tendered to Dr. Mitchell for his intelligent
guidance in our selection of the conditions presented in
Section VIII. His competent judgment was, further-
more, of great help in filling certain gaps in Section VI
which had to be closed in order to make this section
what I wanted it to be—an exhaustive survey of the
anatomy of the female genital tract. Dr. Mitchell’s illu-
minating texts which accompany my pictures in these
two sections speak for themselves.

Finally, I must try to express my appreciation for the
wonderful co-operation and encouragement I received
from Dr. Oppenbeimer. Officially, he was the editor of
this volume, but actually he was far more—a friend, a
counselor, a collaborator and a ceaseless co-worker. His
broad knowledge, his progressive point of view, his
flexible attitude helped tremendously in solving the
most difficult problems.

Frank H. Netter, M.D.
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Plate 1-1

GENETICS AND BIOLOGY OF
EARLY REPRODUCTIVE
TRACT DEVELOPMENT

Most living species have some form of sex-determina-
tion system that drives the development and expression
of sexual characteristics in that organism. Sex determi-
nation can be genetic or can be a consequence of
environmental or social variables. In humans, sex deter-
mination is genetic and is governed by specific genes
and chromosomes. It is believed that the two human
sex chromosomes (X and Y) evolved from other nonsex
chromosomes (autosomes) 300 million years ago.
Human females have two of the same kind of sex chro-
mosome (XX), whereas males have two distinct sex
chromosomes (XY). However, both male and female
features can rarely be found in one individual, and it is
possible to have XY women and XX men. Analysis of
such individuals has revealed the genes of sex determi-
nation, including SRY (sex-determining region Y gene)
on the short arm of the Y chromosome, which is impor-
tant for maleness. The SRY gene product is a protein
that harbors a high-mobility group box (HMG)
sequence, a highly conserved DNA-binding motif that
kinks DNA. This DNA-bending effect alters gene
expression, leading to formation of a testis and subse-
quently to the male phenotype. Notably, XY individuals
who lack the SRY gene on the Y chromosome are phe-
notypic females.

Itis now clear that the SRY gene does not act in isola-
tion to determine human sex. Other genes in other
locations are also important for complete male sexual
differentiation. DAX1, a nuclear hormone receptor, can
alter SRY activity during development by suppressing
genes downstream to SRY that would normally induce
testis differentiation. A second gene, WNT4, largely
confined to the adult ovary, may also serve as an “anti-
testis” gene. Indeed, the discovery of these genes has
significantly altered theories of sex determination. Pre-
viously, SRY gene presence was thought to determine
male gonadal development from the bipotential gonad.
The female genotype was considered the “default”
developmental pathway for gonads. It is now clear that
genes such as WNT4 and DAXI can proactively induce
female gonadal development, even in the presence
of SRY.

Once gonadal sex is determined, several other events
must occur for normal male sexual differentiation.
Within the testis, Leydig cells make testosterone, a
hormone that is critical for development of the internal
genitalia, including the vas deferens, epididymis, and
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descent into the scrotum. Dihydrotestosterone (DHT),
a testosterone metabolite, masculinizes the genital
anlage to form the external genitalia, including the
penis and scrotum as well as the prostate. In addition,
Sertoli cells within the developing testis synthesize
anti-miillerian hormone (AMH or MIF), which prevents
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the miillerian duct from developing into uterus and
fallopian tubes and helps the early germ cells remain
quiescent in the developing testis. Deficiencies in any
of these developmental pathways generally results
in either birth defects or intersex disorders. Such
development disorders, formerly termed #rue or pseudo-
hermaphroditism, can include chromosomal abnormali-
ties, ambiguous genitalia, phenotypic sex anomalies, or
true intersex states.
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Plate 1-2

HOMOLOGUES OF
THE INTERNAL GENITALIA

Although sex is determined at the time of fertilization,
phenotypic gender is determined by a complex tissue
differentiation process that begins in the medial genital
thickening or ridges on the posterior surface of the
embryonic body cavity. During the 5th fetal week, pri-
mordial germ cells migrate from the yolk sac to the
posterior body wall and induce the formation of genital
ridges on either side of the midline. Here, these migrat-
ing cells induce the formation of undifferentiated prim-
itive sex cords.

Signaled by the arrival of primordial germ cells, two
sets of paired genital ducts, the mesonephric or nephric
(wolffian) ducts and the paramesonephric (miillerian)
ducts also develop. The mesonephros is a prominent
excretory structure that consists of a series of mesoneph-
ric tubules that connect with the elongating mesoneph-
ric (wolffian) ducts as the latter extend caudally until they
terminate in the urogenital sinus on each side of the
midline. The paramesonephric ducts develop lateral to
each of the mesonephric ducts and are derived from the
evagination of the coelomic epithelium. The cephalad
ends open directly into the peritoneal cavity, whereas the
distal ends grow caudally, fuse in the lower midline, form
the uterovaginal primordium, and join the urogenital
sinus as an elevation, the miillerian tubercle, which sepa-
rates the urogenital area from the more posterior gut.

Under the influence of the SRY gene in the male
primitive sex cord, the mesonephric (wolffian) ducts are
maintained during development. As the developing
male Sertoli cells begin to differentiate in response to
SRY, they secrete a glycoprotein hormone, miillerian-
inhibiting substance (MIS) or anti-miillerian hormone
(AMH) that causes the paramesonephric (miillerian)
ducts to regress rapidly between the 8th and 10th fetal
weeks. Miillerian duct remnants in the male include the
appendix testis and the prostatic utricle. In females,
MIS is not present, so miillerian ducts remain, and the
mesonephric tubules and ducts degenerate in the
absence of androgens, often resulting in remnant epo6-
phoron and parodphoron cystic structures within the
ovarian mesentery and Gartner duct cysts within the
anterolateral vaginal wall. These structures are clini-
cally important because they may develop into sizable
and symptomatic cysts (see Plates 8-13 and 9-13).

In the male, under the influence of testosterone
secreted by Leydig cells at 9 to 10 weeks, the majority
of the mesonephric ducts develop into the vas deferens
and body (corpus) and tail (cauda) of the epididymis.
The mesonephric tubules nearest to presumptive testis
form the globus major or caput of the epididymis and
the efferent ductules that connect to the testis, forming
ducts to transport sperm. The more cranial mesone-
phric tubules develop into the vestigial appendix epi-
didymis, and the more caudal tubules may develop
into remnants called paradidymis. The seminal vesicles
sprout from the distal ends of the mesonephric
ducts, whereas the prostate and bulbourethral glands
develop from the urogenital sinus, thus revealing dif-
ferent embryologic origins. In the fully developed male
embryo, the distal orifice of the mesonephric duct
(¢jaculatory duct) terminates in the verumontanum on
the floor of the prostatic urethra.

During the 10th week of gestation in females, in the
absence of MIS and androgens, the primordial miille-
rian ducts remain separate and form the fallopian tubes
superiorly. At their caudal ends, the ducts join, fuse, and
form a common channel called the uterovaginal canal,
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which later develops into the uterus and proximal four-
fifths of the vagina. The remainder of the distal vagina
forms from paired thickenings on the posterior uro-
genital sinus called sinovaginal bulbs and the vaginal
plate, whose origin is not clear.

Intersex disorders can result from failure of the
miillerian or wolffian ducts to regress completely. An
example of this is hernia uteri inguinale or persistent
miillerian duct syndrome, in which MIS deficiency or
receptor abnormalities cause persistence of miillerian
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duct structures in an otherwise phenotypically normal
male. This is commonly diagnosed during exploration
for an infant hernia or undescended testicle because the
miillerian structures can tether the testis in the abdomen
and restrict normal scrotal descent. Vestigial remnants of
the wolffian duct can also exist in fully developed females.
Vestiges of the male prostate may appear as periurethral
ducts in the female (see Plate 7-5). In addition, homo-
logues of male Cowper glands are the major vestibular
glands (Bartholin glands) in the female (see Plate 6-16).
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Plate 1-3

HOMOLOGUES OF
EXTERNAL GENITALIA

Before 9 weeks of gestation, both sexes have identical
external genitalia, characterized by a urogenital sinus.
At this undifferentiated stage, the external genitalia
consist of a genital tubercle above a urethral groove.
Lateral to this are urethral or urogenital folds and even
more lateral are the labioscrotal swellings or folds. The
male and female derivatives from these structures are
shown.

The bladder and genital ducts find a common
opening in the urogenital sinus. This sinus is formed
from the earlier urogenital slit, which is a consequence
of the perineal membrane separating the urogenital
ducts from the single cloacal opening.

In male development, the genital tubercle elongates,
forming a long urethral groove. The distal portion of
the groove terminates in a solid epithelial plate (ure-
thral plate) that extends into the glans penis and later
canalizes. The midline fusion of the lateral urethral
folds is the key step in forming a penile urethra, but this
fusion only occurs after the urethral plate canalizes dis-
tally. In the female, the primitive structures do not
lengthen and the urethral folds do not fuse in the
midline. Instead they become the labia majora.

The vagina develops as a diverticulum of the uro-
genital sinus near the miillerian tubercle. It becomes
contiguous with the distal end of the miillerian ducts.
Roughly four-fifths of the vagina originates from the
urogenital sinus and one-fifth is of miillerian origin. In
the male, the vaginal remnant is usually extremely
small, as the miillerian structures atrophy before the
vaginal diverticulum develops. In intersex disorders
(formerly called pseudohermaphroditism and most
recently termed disorders of sexual development [DSD])
such as androgen insensitivity syndrome, however, an
anatomic remnant of the vaginal diverticulum may
persist as a blind vaginal pouch.

In normal female development, the vagina is pushed
posteriorly by a down growth of connective tissue. By
the 12th week of gestation, it acquires its own, separate
opening. In female intersex disorders, the growth of this
septum is incomplete, thus leading to persistence of the
urogenital sinus.

Male and female external genitalia in the first trimes-
ter of development appear remarkably similar. The
principal distinctions between them are the location
and size of the vaginal diverticulum, the size of the
phallus, and the degree of fusion of the urethral folds
and the labioscrotal swellings.

FACTORS DETERMINING DIFFERENTIATION
OF THE EXTERNAL GENITALIA

Similar to the genital ducts, there is a tendency for the
external genitalia to develop along female lines.
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Masculinization of the genital ducts is induced by
androgenic hormones, principally testosterone from
Leydig cells in the fetal testis during the differentiation
process. More important than the source of androgens,
however, is the timing and amount of hormone. Exam-
ples of this include inappropriate androgen exposure
from congenital adrenal hyperplasia or from the mater-
nal circulation, both of which can induce various
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degrees of masculinization of the female system char-
acteristic of intersex disorders. By the 12th week,
androgenic exposure will no longer cause fusion of the
urethral and labioscrotal folds in the female, as the
vagina has migrated fully posteriorly. Clitoral hypertro-
phy, however, may still result from such exposures at
any time in fetal life or even after birth.
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Plate 1-4

TESTOSTERONE AND
ESTROGEN SYNTHESIS

Under the control of the anterior pituitary, three glands
produce steroid hormones involved in reproduction:
the adrenal cortex responding to adrenocorticotropic
hormone (ACTH), and the ovary and testis, both under
the influence of the gonadotropin luteinizing hormone
(LH). For the majority of sex hormones that result from
this stimulation, cholesterol is the precursor molecule.

In each of these organs, side chains are degraded
from cholesterol to form pregnenolone and dehydro-
epiandrosterone (DHEA). In humans, DHEA is the
dominant sex steroid and precursor or prohormone to
all other steroid sex hormones, including testosterone
and estrogens. In the blood, most DHEA is found in its
sulfate-bound form, DHEAS, and not in the free form.
DHEA supplements are often used as muscle-building
or performance-enhancing drugs by athletes. However,
randomized placebo-controlled trials have found that
DHEA supplementation has no effect on lean body
mass, strength, or testosterone levels. Pregnenolone is
converted to progesterone, which by degradation of its
side chain is converted to androstenedione and then to
testosterone. The latter two of these hormones are the
main products of testicular Leydig cells. Androstenedi-
one, also termed “andro,” is an FDA-banned dietary
supplement that is also taken by athletes to improve
performance. In the ovary, synthesis of androstenedi-
one by theca interna cells and its subsequent conversion
to estrone in follicular granulosa cells, along with con-
version of testosterone to estradiol by aromatases, com-
prise the main secretory products. With polycystic
ovary syndrome, enzymatic conversion of testosterone
to estradiol in the ovary is impaired and DHEAS levels
are elevated, leading to an androgenized phenotype in
affected women. Estriol, a product of estrone metabo-
lism in the placenta during pregnancy, is the third
major estrogenic hormone in the female but is the least
potent biologically.

About 5% of normal daily testosterone product is
derived from the adrenal cortex, and the remainder is
secreted by the testis into the systemic circulation. In
the plasma, testosterone is virtually entirely bound
(98%) by proteins such as sex hormone binding globu-
lin or albumin. The remainder of testosterone (2%)
exists in a free or unbound form, which is the active
fraction. Testosterone is conjugated in the liver and
excreted by the kidney in this water-soluble form. Cir-
culating estrogens have a similar bioavailability profile
and are also carried on plasma proteins, notably
albumin. Inactivation of estrogen occurs in the liver
through conversion to less active metabolites (estrone,
estriol), by conjugation to glucuronic acid, or by oxida-
tion to inert compounds. There is also considerable
enterohepatic circulation of estrogens in the bile.
Estrogen, testosterone, and their metabolites are
ultimately excreted by the kidney, for the most part
in the form of 17-ketosteroids in which a ketone group
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is present on the steroid ring. Examples of 17-
ketosteroids include androstenedione, androsterone,
estrone, and DHEA.

Although important for premenopausal women, the
value of estrogen and progesterone supplementation in
postmenopausal women is controversial. A randomized,
controlled trial of 15,730 women in the Women’s
Health Initiative was stopped early, after 5.6 years,
because of the finding that risks (including stroke, blood

Kidney
ﬂ1 7-ketosteroids
| NTestosterone (total)
T A Estrogens
Estrogens

clots, and breast cancer) outweighed benefits (lower risk
of hip fractures and colon cancer) among subjects
taking hormone supplements. Similarly, the value of
testosterone supplements in older men who have
reached andropause (androgen deficiency with age) is
even more controversial, as large, randomized, placebo
controlled trials of sufficient duration to assess long-
term clinical outcomes and events have not been
undertaken.
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Plate 1-5

HYPOTHALAMIC-PITUITARY-
GONADAL HORMONAL AXIS

The hypothalamic—pituitary—gonadal (HPG) axis plays
a fundamental role in phenotypic gender development
during embryogenesis, sexual maturation during
puberty, and endocrine (hormone) and exocrine (oocytes
and sperm) function of the mature ovary and testis.
Importantly, gonadal function throughout life, similar
to the adrenal cortex and thyroid, is under the control
of the adenohypophysis (anterior lobe of the pituitary)
and hypothalamus.

HORMONE TYPES

Two kinds of hormones exist in the HPG axis: peptide
and steroid. Peptide hormones are small secretory pro-
teins that act via receptors on the cell surface mem-
brane. Hormone signals are transduced by one of
several second-messenger pathways involving either
cAMP, calcium flux, or tyrosine kinase. Most peptide
hormones induce the phosphorylation of various
proteins that alter cell function. Examples of peptide
hormones are luteinizing hormone (LH) and follicle-
stimulating hormone (FSH). In contrast, steroid hor-
mones are derived from cholesterol and are not stored
in secretory granules; consequently, steroid secretion
rates directly reflect production rates. In plasma, these
hormones are usually bound to carrier proteins. Because
they are lipophilic, steroid hormones are generally cell
membrane—permeable. After binding to an intracellular
receptor, steroids are translocated to DNA recognition
sites within the nucleus and regulate the transcription

Development of the Genital Tracts and Functional Relationships of the Gonads

of target genes. Examples of reproductive steroid hor-
mones are estradiol and testosterone.

HORMONAL FEEDBACK LOOPS

Normal reproduction depends on the cooperation of
numerous hormones and thus hormone signals must be
well controlled. Feedback control is the principal mech-
anism through which this occurs. With feedback, a
hormone can regulate the synthesis and action of itself
or of another hormone. Further coordination is pro-
vided by hormone action at multiple sites and eliciting
multiple responses. In the HPG axis, negative feedback
is principally responsible for minimizing hormonal per-
turbations and maintaining homeostasis.

HORMONES OF THE HPG AXIS

As the integrative center of the HPG axis, the hypo-
thalamus receives neuronal input from many brain
centers, including the amygdala, thalamus, pons, retina,
and cortex, and it is the pulse generator for the cyclical
secretion of pituitary and gonadal hormones. It is ana-
tomically linked to the pituitary gland by both a portal
vascular system and neuronal pathways. By avoiding the
systemic circulation, the portal vascular system provides
a direct mechanism to deliver hypothalamic hormones
to the anterior pituitary. Among the hypothalamic hor-
mones, the most important for reproduction is gonad-
otropin-releasing or LH-releasing hormone (GnRH or
LHRH), a 10-amino acid peptide secreted from the
neuronal cell bodies in the preoptic and arcuate nuclei.
Currently, the only known function of GnRH is to
stimulate the secretion of LH and FSH from the ante-
rior pituitary. GnRH has a half-life of approximately 5
to 7 minutes. GnRH secretion is pulsatile in nature and
results from integrated input from a variety of influ-
ences, including stress, exercise, diet, input from higher
brain centers, pituitary gonadotropins, and circulating
gonadal hormones.

The anterior pituitary gland, located within the bony
sella turcica, is the site of action of GnRH. GnRH
stimulates the production and release of FSH and LH
by a calcium flux-dependent mechanism. These peptide
hormones, named after their elucidation in the female,
are equally important in the male. The sensitivity of the
pituitary gonadotrophs to GnRH varies with patient
age and hormonal status.

LH and FSH are the primary pituitary hormones
that regulate ovarian and testis function. They are gly-
coproteins composed of two polypeptide chain subunits,
termed o and B, each coded by a separate gene. The o
subunits of each hormone are identical and similar to that
of all other pituitary hormones; biologic and immuno-
logic activity are conferred by the unique B subunit. Both
subunits are required for endocrine activity. Oligosac-
charide sugars with sialic acid residues are linked to these
peptide subunits and may account for their differences
in signal transduction and plasma clearance. Secretory
pulses of LH vary in frequency from 8 to 16 pulses in
24 hours, generally reflecting GnRH release. Both
androgens and estrogens regulate LH secretion through
negative feedback. On average, FSH pulses occur approx-
imately every 1.5 hours. The gonadal protein inhibin
inhibits FSH secretion and accounts for the relative
secretory independence of FSH from GnRH secretion.
Activin, a structurally similar gonadal peptide, may act in
a paracrine fashion to increase FSH binding in the ovary
and stimulate spermatogenesis in the male, although
serum levels of this substance are difficult to detect.

FSH and LH are known to act only in the gonads. In
the testis, LH stimulates steroidogenesis within Leydig

cells by inducing the mitochondrial conversion of cho-
lesterol to pregnenolone and testosterone. FSH binds
to Sertoli cells and spermatogonial membranes within
the testis and is the major stimulator of seminiferous
tubule growth during development and responds to
inhibin secretion by Sertoli cells. Normal testosterone
production in men is approximately 5 g/d, with secretion
occurring in a damped, irregular, pulsatile manner.
About 2% of testosterone is “free” or unbound and
considered the biologically active fraction. The remain-
der is almost equally bound to albumin or sex hormone-
binding globulin (SHBG) within the blood. Testosterone
is metabolized into two major active metabolites: dihy-
drotestosterone (DHT) from the action of So-reductase,
and estradiol through the action of aromatases. DHT is
a more potent androgen than testosterone. In most
peripheral tissues, DHT is required for androgen action,
but in the testis and skeletal muscle, conversion to DHT
is not essential for hormonal activity. Testosterone
stimulates the growth and maintenance of the secondary
sex organs (prostate, seminal vesicles, penis, and acces-
sory glands). In addition, testosterone is a potent ana-
bolic steroid with a variety of extragenital effects. In the
brain, it influences libido, male aggression, mood, and
aspects of cognition, including verbal memory and
visual-spatial skills. It is responsible for an increase in
muscle strength and growth and stimulates erythropoi-
etin in the kidney. In bone marrow, testosterone causes
accelerated linear growth and closure of epiphyses. It
helps the liver to produce serum proteins and influences
the male external appearance, including body hair
growth and other secondary characteristics.

In the female, LH stimulates estrogen production
from theca interna cells during the follicular phase of
the menstrual cycle. The highest levels of estrogen
during the menstrual cycle occur just prior to ovulation.
FSH induces follicular development through a morpho-
genic effect on granulosa cells that line the graafian
follicle. Eventually, this stimulation leads to the folli-
cle’s ripening and ovulation. With ovulation, the follicle
is transformed into the corpus luteum, and the majority
of granulosa and theca cells now become luteinized and
produce progesterone simultaneously with estrogen.
LH also influences preovulatory follicular enlargement,
induces ovulation, stimulates the proliferation of the
theca cells that secrete progesterone in the latter half
of the menstrual cycle, and supports the development
of the corpora lutea for 2 weeks after ovulation. Termed
the “hormone of pregnancy,” progesterone supports
endometrial development in early pregnancy, thickens
the cervical mucus to prevent infection, decreases
uterine contractility, and inhibits lactation during preg-
nancy. It is also necessary for the complete action of
ovarian hormones on the fallopian tubes, uterus, vagina,
external genitalia, and mammary glands. Interestingly,
the ovarian estrogens and progesterone do not have
the marked extragenital anabolic effects on muscle,
kidney, blood, larynx, skin, and hair that are found with
androgens.

A third anterior pituitary hormone, prolactin, can
also influence the HPG axis. Prolactin is a large, globu-
lar protein that maintains the luteal phase of the men-
strual cycle and induces milk synthesis during pregnancy
and lactation in women. The role of prolactin in men
is less clear, but it may promote sexual gratification after
intercourse and induce the refractory period after ejac-
ulation. It also increases concentration of LH receptors
on Leydig cells and sustains normally high intratesticu-
lar testosterone levels. Although low prolactin levels are
not usually pathologic, hyperprolactinemia in either sex
abolishes gonadotropin pulsatility by interfering with
GnRH release.
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Plate 1-6

PUBERTY—NORMAL SEQUENCE

The biggest differences between puberty in girls and
boys are (a) the age at which it begins and (b) the major
sex steroids involved. On average, girls begin puberty
about 1 to 2 years earlier than boys (average age 10.5 years
in girls) and reach completion in a shorter time. Girls
attain adult height and reproductive maturity about 4
years after the first changes of puberty. In contrast, boys
accelerate more slowly but continue to grow for about 6
years after the first visible pubertal changes. Although
boysare onaverage 2 cm shorter than girls before puberty
begins, adult men are 13 cm (5.2 inches) taller than
women. The hormone that dominates female develop-
ment during puberty is estradiol, an estrogen. In males,
testosterone, an androgen, is the principal sex steroid.

Puberty begins with gonadotropin-releasing hormone
(GnRH) pulsing, leading to a rise in gonadotropins,
luteinizing hormone (LH), and follicle-stimulating
hormone (FSH) and subsequently an increase in sex
hormones. Indeed, exogenous GnRH pulses cause
the onset of puberty, and brain tumors that increase
GnRH may cause premature puberty. Puberty begins
consistently at around 47 kg for girls and 55 kg for
boys, and this correlation of pubertal onset with weight
makes leptin a good candidate for causing GnRH
rise. Kisspeptin, a protein responsible for developmen-
tally activating GnRH neurons and triggering GnRH
release, is also likely be involved in inducing pubertal
onset. In addition, other genetic, environmental, and
nutritional factors are thought to regulate pubertal
timing.

PUBERTY—FEMALE

The first physical sign of puberty in females is usually
a firm, tender lump under the areola(e) of the breasts,
referred to as thelarche. In the Tanner staging of
puberty, this is stage 2 of breast development (stage 1
is a flat, prepubertal breast). Within 6 to 12 months,
the swelling is bilateral, softer, and extends beyond the
areolae (stage 3). In another year (stage 4), the breasts
are approaching mature size and shape, with areolae
and papillae forming a secondary mound. This mound
usually disappears into the contour of the mature breast
(stage 5). Pubic hair is often the second change of

puberty, usually within a few months of thelarche, and
is termed pubarche. The first few pubic hairs visible
along the labia are Tanner stage 2. Stage 3 takes another
6 to 12 months, when hairs are too numerous to count
and appear on the pubic mound. In stage 4, the hairs
densely fill the pubic triangle. In stage 5, pubic hairs
spread to the thighs and sometimes upward to the navel.

In response to estrogen, the vaginal mucosa also
changes, becoming thicker and a dull pink in color.
Whitish vaginal secretions (physiologic leukorrhea) can
also be found. For 2 years following thelarche, the
uterus and ovaries increase in size and follicles in the
ovaries also enlarge. The ovaries contain small follicular
cysts observable by ultrasound.

The first menstrual bleeding is referred to as men-
arche and typically occurs 2 years after thelarche. The
average age of menarche in U.S. girls is 11.7 years.
Menses are not always regular for the first 2 years after
menarche. Ovulation may or may not accompany the
earliest menses, as about 80% of cycles are anovulatory
in the first year after menarche. Although occurring
more frequently with age after menarche, ovulation is
not inevitably linked to the menstrual cycle, and many
girls with cycle irregularity several years from menarche
will continue to have irregularity, anovulation, and pos-
sibly infertility.

Also in response to rising estrogen levels, the lower
half of the pelvis and hips widen, creating a larger birth
canal. The proportion of fat in body composition also
increases, especially in the breasts, hips, buttocks,
thighs, upper arms, and pubis. Rising androgen levels
change the fatty acid composition of perspiration,
resulting in an adult body odor and increased oil
(sebum) secretions from the skin. This change increases
the chances of acne.

PUBERTY—MALES

In males, testicular enlargement is the first physical sign
of puberty and is termed gonadarche. Testes in prepu-
bertal boys change little in size from 1 year of age until
puberty, averaging about 2 to 3 mL in volume. Testicu-
lar size increases throughout puberty, reaching maximal
adult size 6 years later. Although 18 to 20 mL is the
average adult testis size, there is also wide ethnic
variation.

The testis Leydig cells produce testosterone that
induces most of the changes of sexual maturation and
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maintains libido. Most of the increasing bulk of testicu-
lar tissue is due to growth of seminiferous tubules,
including Sertoli cells. The sequence of sperm produc-
tion and the onset of fertility in males is not as well
documented, largely because of the variable timing and
onset of ejaculation. Sperm can be detected in the
morning urine of most boys after the first year of
puberty and potendal fertility can reached as early as
13 years of age, but full fertility is not achieved until 14
to 16 years of age.

Pubic hair appears shortly after the genitalia start to
grow. As in females, the first appearance of pubic hair
is termed pubarche and hairs are usually first visible at
the base of the penis. The Tanner stages of hair growth
are similarly classified in males and females, as described
earlier. At about Tanner stage 3, the penis starts to
grow. Following the appearance of pubic hair, other
body areas that respond to androgens develop heavier
hair (androgenic hair) in the following sequence: axil-
lary hair, perianal hair, upper lip hair, sideburn hair,
periareolar hair, and facial beard. Arm, leg, chest,
abdominal, and back hair become heavier more gradu-
ally. There is significant ethnic variation in the timing
and quantity of hair growth.

Under the influence of androgens, the voice box, or
larynx, grows in both genders. Far more prominent in
males, this growth causes the male voice to deepen
about one octave, as the vocal cords lengthen and
thicken. Voice change can be accompanied by unsteadi-
ness of vocalization in the early stages. Most of the
voice change occurs in stages 3 to 4 of male puberty,
around the time of peak growth. Full adult voice pitch
is attained at an average age of 15 years, usually preced-
ing the development of facial hair by months to
years.

By the end of puberty, adult men have heavier bones
and nearly twice as much skeletal muscle as females.
Some of the bone growth (e.g., shoulder width and jaw)
is disproportionately greater, resulting in noticeably
different male and female shapes. The average adult
male has about 150% of the lean body mass of an
average female and about 50% of the body fat. Muscle
develops mainly during the later stages of puberty. The
peak of the “strength spurt” is observed about 1 year
after the peak growth rate. As with females, rising levels
of androgens change the fatty acid composition of per-
spiration, resulting in adult body odor and acne. Acne

typically resolves at the end of puberty.
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Plate 1-7
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PUBERTY—ABNORMALITIES

PUBERTY—ABNORMALITIES IN MALES

Abnormalities of puberty are generally due to issues of
timing or dosage of sex steroids that normally govern
phenotypic change. As discussed in Plate 1-5, andro-
gens are converted to estrogens in the male by aroma-
tase and because of this, male adolescence is frequently
(80%) accompanied by gynecomastia. Issues of delayed
puberty are a consequence of the lack of gonadotropin-
releasing hormone (GnRH) stimulation in patients
with hypogonadotropic hypogonadism, as typified by
Kallmann syndrome and its variants and Prader-Willi
syndrome (Plate 1-7). Idiopathic hypogonadotropic
hypogonadism (IHH) or Kallman syndrome is charac-
terized by hypogonadism. Most patients experience a

delay in puberty, although those with less severe defects
may present with only infertility. Other findings include
anosmia and midline abnormalities such as cleft palate
and small testes. When anosmia is not present, the
condition is termed IHH. The clinical diagnosis is con-
firmed by blood tests revealing a low total testosterone
associated with low luteinizing hormone (LH) and low
follicle stimulation hormone (FSH) levels in combina-
tion with normal prolactin. The condition is inherited
as a familial disorder in one third of cases. X-linked and
autosomal inheritance patterns have been described. In
the X-linked recessive form, deletions occur in KALI
(kallman-interval 1), a gene responsible for the migra-
tion of GnRH and olfactory neurons to the preoptic
area of the hypothalamus during development. As a
consequence, there is failure of testicular stimulation by
the anterior pituitary and hypothalamus and thus testis
failure in addition to anosmia. Mutations in other genes

have also been associated with IHH, including Dax1 on
the X chromosome (associated with congenital adrenal
hyperplasia [CAH]), the GnRH receptor and PCI
(associated with diabetes and obesity). Low testosterone
is generally treated with testosterone replacement.
Infertility due to azoospermia (no ejaculated sperm) can
be treated with gonadotropin (LH and FSH) replace-
ment over 12 to 18 months, which induces sperm in the
ejaculate in 80% of affected men.

Primary testis failure, causing an inadequate testos-
terone surge at puberty and exemplified by Klinefelter
syndrome, may also produce a delay in the onset or
sequence of pubertal events (Plate 1-7). Klinefelter syn-
drome is an abnormality of chromosomal number in
which 90% of men carry an extra X chromosome
(47,XXY) and 10% are mosaic with a combination of
XXY/XY chromosomes. It is thought that approxi-
mately half of XXY cases are paternally derived, and
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(Continued)

recent evidence suggests that its occurrence may cor-
relate with advanced paternal age. This syndrome may
present with delayed puberty, increased height,
decreased intelligence, varicosities, obesity, diabetes,
leukemia, increased likelihood of extragonadal germ
cell tumors, and breast cancer (20-fold higher than
normal males). Testis biopsies show sclerosis and hya-
linization. In adults, hormones usually demonstrate a
low testosterone and frankly elevated LH and FSH
levels and generally require testosterone replacement.
Natural paternity with this syndrome is possible, but
almost exclusively with the mosaic or milder form of
the disease. Biologic paternity in cases of pure XXY
males is now possible with assisted reproduction.
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Sexual precocity, or the early onset of puberty, has
a variety of causes in males (Plate 1-8). In idiopathic
form (50% of cases), puberty proceeds in a normal
pattern but begins earlier and is compressed into a
shorter time frame. Although affected males are tall for
their age during early puberty, the premature closure
of the epiphyses results in a markedly short stature in
adulthood. Central causes of precocious puberty include
brain tumors near the third ventricle, including astro-
cytoma, meningioma, or pinealoma, and are usually
accompanied by diabetes insipidus and visual field
defects. It can also be associated with congenital mal-
formations such as hematomas of the brain.

Other causes of male precocious puberty are adrenal
in origin and include CAH and benign or malignant
virilizing adrenal cortical tumors (Plates 1-8 and 1-9).
There are two major types of CAH: classic and nonclas-
sic. The classic form is the more severe of the two
and affects very young children and newborns. The

nonclassic form is milder and usually develops in late
childhood or early adulthood. Signs and symptoms of
classic CAH in infants include an enlarged penis in
boys (macrogenitosomia), failure to regain birth weight,
weightloss, acne, dehydration, vomiting, and pigmenta-
tion of the scrotum and perianal regions. Signs and
symptoms of the classic condition in older children and
adults include rapid growth during childhood, very early
puberty with the development of pubic hair and deepen-
ing of the voice, shorter than average final height, and
infertility. Nonclassic CAH generally presents with
rapid growth during childhood and early puberty,
severe acne, nausea, fatigue, low blood pressure, low
bone density, high cholesterol, and obesity. Children
can also often have slow recovery from infections and
colds. Fundamentally, CAH results from a deficiency
of one of the hydroxylase enzymes that are required
for cortisol synthesis from 17-hydroxyprogesterone.
Impaired cortisol secretion activates pituitary gland
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PUBERTY—ABNORMALITIES
(Continued)

secretion of excessive ACTH, and the adrenal gland
undergoes compensatory hypertrophy as a result. In
addition, large quantities of cortisol precursors are
made that form the substrates for androgens. Excessive
androgens contribute to the virilization and also down-
regulate pituitary gonadotropin secretion, so that the
testes remain small and infantile despite other pubertal
changes. The clinical signs of a virilizing adrenal
adenoma or cortical carcinoma are similar to those
induced by any other cause (Plate 1-8). These condi-
tions can be differentiated from other causes by the lack
of suppression of 17-ketosteroid secretion with exoge-
nous glucocorticoids.

After cortisol or
dexamethasone

Interstitial cell tumor
17-KS: not suppressed

Adrenal rest tumor
17-KS: often suppressed

testis

Primary testicular tumors can also cause precocious
puberty (Plate 1-9). Based on proliferation of intersti-
tial Leydig cells, these tumors can usually be palpated
as nodular enlargement of one testis with a contralat-
eral atrophic testis. Again, 17-ketosteroids are usually
not suppressed with glucocorticoids in this condition,
and the adrenal glands are normal on imaging.
Clumps of adrenal cells termed adrenal rests can also
descend with the testis into the scrotum and be meta-
bolically active and induce virilization. Adrenal rests
are more likely to become active in cases of CAH in
which there is excessive adrenal stimulation and can
present as testis or peritestis enlargement. Even more
rare are teratomatous rests in the scrotum that secrete
excessive amounts of chorionic gonadotropin (hCG)
that is similar to the gonadotropin LH and stimu-
lates androgen production. These rests are highly
malignant and are associated with growth of the

contralateral testis as a result of gonadotropic-like
stimulation.

PUBERTY—ABNORMALITIES IN FEMALES

Delayed puberty may occur for several years and then
proceed normally in what is referred to as constitutional
delay. It may also be due to poor nutrition from
anorexia, extreme athleticism, and systemic disease such
as chronic renal failure, hypothyroidism, and Cushing
syndrome. Reproductive disorders such as Kallmann
syndrome or Prader-Willi syndrome, gonadal defects
characteristic of Turner syndrome, or a lack of response
to sex steroids associated with androgen insensitivity
disorders (in a genetic male) may also occur (Plate
1-10). Turner syndrome or Ullrich-Turner syndrome
(a form of gonadal dysgenesis) occurs when one of the
two female X chromosomes is constitutionally missing.

12
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Plate 1-10

PUBERTY—ABNORMALITIES
(Continued)

When only a part of the X chromosome is missing,
mosaic Turner syndrome may be present. Because this
syndrome only affects the second X chromosome, the
syndrome is only present in females. Occurring in 1 of
every 2500 girls, the syndrome presents with character-
istic physical abnormalities, such as short stature, broad
chest, low hairline, low-set ears, and webbed neck.
Girls with Turner syndrome typically have gonadal
dysfunction (nonworking ovaries) that results in amen-
orrhea and sterility. Other health concerns include con-
genital heart disease, hypothyroidism, diabetes, vision
and hearing problems, and autoimmune disease. Finally,
there is also a characteristic pattern of cognitive deficits
observed, with difficulties in visuospatial, mathematic,
and memory areas. Rarely, cystic fibrosis and Frasier
syndrome can result in delayed puberty.

There are two benign variants of sexual precocity in
females: premature thelarche (benign mammoplasia)
and premature pubarche. In the former, there is isolated
premature development of breast tissue and in the
latter, isolated pubic hair. Both may be associated with
childhood obesity. True sexual precocity is usually due
to central (nervous system) or ovarian causes (Plate
1-11). Adrenal tumors or hyperplasia in the female most
commonly causes virilization and not true sexual pre-
cocity. Idiopathic sexual precocity is more common in
girls than boys and presents with advanced stature and
bone age, breast enlargement, vaginal wall thickening,
pubic hair, and acne. Axillary hair is rarely found but
adult perspiration odors can be obvious. In addition,
uterine enlargement can occur and irregular menstrual

Development of the Genital Tracts and Functional Relationships of the Gonads
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bleeding is possible. Central stimulation by gonadotro-
pins can also result in large follicular cysts in the ovary,
which may be difficult to distinguish from primary
ovarian tumors. Spontaneous remission of idiopathic
sexual precocity is not uncommon.
McCune-Albright syndrome, caused by a sporadic
mutation in the GNAST gene, is a special form of central
precocity that is associated with polyostotic fibrous dys-
plasia, a nonmetabolic skeletal disorder in which scar

forms in bone that can lead to deformities and fractures
(Plate 1-11). In this condition, sexual precocity is com-
bined with lesions in the long bones and café au lait
spots that stop at the midline. Thyroid enlargement
is common, often with thyrotoxicosis. Affected girls
may also have frontal bone and zygomatic arches,
features characteristic of acromegaly, and polycystic
ovaries and hirsutism. Primary hypothyroidism can
present with breast enlargement, early menstruation,
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Plate 1-11

PUBERTY—ABNORMALITIES
(Continued)

and galactorrhea. These symptoms regress when thyroid
replacement is given and suggest that pituitary gonado-
tropin hyperstimulation may be associated with excess
thyroid-stimulating hormone (T'SH) stimulation.
Feminizing tumors of the ovary are a relatively
common cause of sexual precocity in girls (Plate 1-11).
Granulosa-theca cell tumors, more commonly known
as granulosa cell tumors, belong to the sex cord-stromal
group and include tumors made up of granulosa cells,
theca cells, and fibroblasts in varying degrees. About
5% of these tumors occur in juveniles and the majority
of the rest occur in postmenopausal women. Both types
commonly produce estrogen, and estrogen production
often is the reason for early diagnosis. Theca cell
tumors almost always are benign and carry an excellent
prognosis. The rare malignant thecoma likely repre-
sents a tumor with a small admixture of granulosa cells.
It is not exactly known how these tumors arise but it
has been proposed that they are derived from either the
mesenchyme of the developing genital ridge or precur-
sors within the mesonephric and coelomic epithelium.
Granulosa-theca cell tumors can be large, palpable, and
can secrete large amounts of estrogen that causes heavy
feminization. Some features of the syndrome, such as
the growth of pubic and axillary hair, are attributed to
associated pituitary stimulation. Complete tumor resec-
tion is mandatory for cure of these symptoms. Rarer,
but far more malignant, tumors of the ovary that can
cause similar symptoms are progesterone-secreting
luteomas and chorionepitheliomas. Exogenous estro-
gen intake through contaminated medications, foods,
cosmetics, or exposure to endocrine disruptors such as
bisphenol A and phthalates and estrogenic pesticides
may underlie some cases of prior unexplained preco-
cious puberty (Plate 1-11). Bisphenol A is an organic
phenol compound that has been used primarily to make
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plastics for more than 50 years. It is used to make poly-
esters, plasticizers, polycarbonate and epoxy resins, and
is found in baby and water bottles, sports equipment,
medical and dental devices, dental fillings and sealants,
eyeglass lenses, CDs and DVDs, and household elec-
tronics. Although good-quality human studies are cur-
rently lacking, animal studies have shown that excessive
exposure to bisphenol A may be related to changes in

anogenital distance, early puberty, changes in breast
tissue that may predispose to carcinogens, and decreased
maternal behavior. Phthalates are a class of widely used
industrial compounds known technically as alkyl aryl
esters and are used as softeners of plastics, oily additives
in perfumes, additives to hairsprays, lubricants, and
wood finishers, and they have been linked to premature
breast development in girls.
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Plate 1-12

INTERSEX: TRUE
HERMAPHRODITISM

Intersexuality is that state in which sex chromosomes,
genitalia, and/or secondary sex characteristics are
neither exclusively male nor female. Intersex patients
may have biologic characteristics of both the male and
female sexes. Previously termed true hermaphroditism,
a true intersex state is extremely rare and exists when
both testicular and ovarian tissue are present in the
same patient, regardless of the karyotype. There may
be an ovary on one side and a testis on the other, an
ovotestis on each side, or any combination of these.
These disorders have been alternatively designated as
disorders of sexual development.

The prevalence of intersex depends on the definition
of the condition. Approximately 1% of live births
exhibit some degree of sexual ambiguity. Between 0.1%
and 0.2% of live births are ambiguous enough to lead
to surgical correction. When the definition is restricted
to conditions in which chromosomal sex differs from
phenotypic sex or in which the phenotype is not classifi-
able as either male or female, the prevalence is 0.018%.

True hermaphroditism is extremely rare and it is
even rarer that both types of gonadal tissue function. It
has been described in patients with karyotypes 47,XXY;
46,XX/46,XY; or 46,XX/47,XXY. This condition is
quite distinguishable histologically from mixed gonadal
dysgenesis. It is caused by (1) the division of one unfer-
tilized egg, followed by fertilization of each haploid egg
and fusion of the two embryos early in development, or
(2) an egg can be fertilized by two sperm followed by
trisomic rescue such that a diploid embryo results, or
(3) two eggs are fertilized by two sperm cells and these
zygotes fuse to form a tetragametic chimera. If a male
zygote and a female zygote fuse, a true intersex state
can result, or (4) abnormalities or mutations in the
expression of the testis determining factor, SRY gene.

In true hermaphroditism, the phenotype of the inter-
nal and external genitalia may be predicted from
gonadal lateralization. In individuals with an ovary on
one side and a testis on the other, miillerian structures
persist on the side of the ovary, whereas atrophy of the
fallopian tube and well-developed wolffian derivatives
are found on the side of the testis. When ovarian and
testis tissue occur on the same side, the development of
wolffian structures is proportional to the degree of tes-
ticular maturation. With a well-developed testis, the
gonads are found in the scrotum, and there is a propor-
tional decrease in miillerian remnants. With a rudi-
mentary testis, the gonad is usually located in a broad
ligament adjacent to a normal uterus. External genitalia

Development of the Genital Tracts and Functional Relationships of the Gonads
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are often ambiguous, depending mainly on the amount  gonads may not develop to full spermatogenesis and
of testosterone produced by testicular tissue during oogenesis. However, spermatogenesis is unlikely if
organogenesis from 8 to 16 weeks of gestation. estrogens are secreted in significant quantities because

Adolescence and secondary sexual characteristics may  of inhibition of follicle-stimulating hormone. Regard-
be expected to mirror the degree of differentiation of  less of anatomy, the “true sex” of these individuals is the
gonadal structures. Usually, there is some degree of  one to which they can best adapt in society, and serious
masculinization. However, coincidental signs of active  reconsideration of the need and role (i.e., lack thereof)
estrogen secretion may include breast enlargement and ~ of “gender reassignment” surgery is gaining wide
menstruation. There is no absolute reason why the acceptance in the medical community.
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Plate 1-13

INTERSEX: MALE
PSEUDOHERMAPHRODITISM I—
GONADAL

The pseudohermaphrodite is an individual with the
gonads of only one sex but with genitalia (internal and
external) and secondary sex characters exhibiting sexual
ambiguity. Such a simple classification of intersex is
based purely on phenotype or morphology, without
regard to genetic etiology. Factors that contribute to
such disordered development include (1) gene muta-
tions, (2) abnormal maternal hormonal influences, and
(3) abnormal hormonal influences from the embryonic
gonad, adrenal, or other endocrine organ. The type
and degree of disordered development depend on the
intensity and timing of these influences during embry-
onic life.

Male pseudohermaphrodites have varying degrees of
female internal or external genitalia but have gonads
that are testes. Although genetically male, they are
often raised as female; the onset of puberty with growth
of the penis, hair, and voice change usually precipitates
the medical evaluation for intersex. Simple penile hypo-
spadias is a very elementary form of male pseudoher-
maphroditism. In more severe forms, miillerian
structures can develop to various degrees, and in most
instances a bifid scrotum appearing as labial folds con-
ceals a rudimentary blind pouch or well-developed
vaginal cavity. The testes may lie intraabdominally,
within the canal, or may have descended into a bifid
scrotum. When the sex of the infant is unclear, explor-
atory surgery and gonadal biopsy to determine gonadal
as well as genetic sex is advisable during infancy. Most
male pseudohermaphrodites develop emotionally as
males during puberty, which has led clinicians to
perform gender correction procedures before puberty,
including release of penile chordee, construction of a
penile urethra, orchiopexy and, in some instances, exci-
sion of the vagina, uterus, and fallopian tubes.

Milder forms of male pseudohermaphroditism
include Klinefelter syndrome (47,XXY; 48, XXXY and
mosaics), Kallmann syndrome (gonadotropin-releasing
hormone deficiency and anosmia), micropenis, and
distal hypospadias. Aphallia is a birth defect in which
the penis or clitoris is congenitally absent. It is a rare
condition, with fewer than 100 cases reported. Its cause
is not entirely clear, but it appears to be due to a failure
of the fetal genital tubercle to form between 3 and 6
weeks after conception. Anatomically, the urethra
opens on the perineum. Although aphallia can occur in
both males and females, it is considered more trouble-
some in males and engenders controversy about the
role of gender reassignment surgery.

There are several forms of gonadal dysgenesis that
may also result in male pseudohermaphroditism. The
term pure gonadal dysgenesis describes conditions with
normal sex chromosomes (e.g., 46,XX or 46,XY), as
opposed to gonadal dysgenesis in which the genetic
constitution involves missing or truncated sex chromo-
somes. (e.g., Turner syndrome, 45,X). Mixed gonadal
dysgenesis involves a genetic mixture of sex chromo-
somes (e.g., 46,XY/45,X). In this condition, there is a
streak gonad that develops on one side, with a partially
developed testis on the opposite side, and it can
be associated with ambiguous genitalia. Importantly,
streak gonads with Y chromosome-containing cells

Hypoplasia of testis
(at risk for gonadoblastoma)

have a high likelihood of developing cancer, especially
gonadoblastoma. In Swyer syndrome, an example of
46,XY pure gonadal dysgenesis, there is atypical forma-
tion of both gonads early in gestation. In complete
gonadal dysgenesis, the gonads do not function at all,
resulting in a female appearance of the external genita-
lia. In partial gonadal dysgenesis, the testes function,
but not at normal levels, resulting in a male with ambig-
uous genitalia. Because the adrenal glands can make

Reproductive System

f/’i? Male pseudohermaphrodite
Ly /. - (vagina opening into perineum
with testes in bifid scrotum)

small amounts of androgens and are unaffected, pubic
hair develops in most patients, although it often remains
sparse. In complete forms such as Swyer syndrome, the
diagnosis is often made due to delayed puberty. A
karyotype reveals XY, and pelvic imaging demonstrates
a uterus (no miillerian inhibiting substance present) but
no ovaries (streak gonads are not usually seen). The
absence of breasts and the presence of a uterus exclude
the possibility of androgen insensitivity.
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Plate 1-14

INTERSEX: MALE
PSEUDOHERMAPHRODITISM 11—
HORMONAL

There are several disorders of sexual development that
are accompanied by a normal karyotype (46,XY male)
and are characterized by hormonal perturbations that
induce sexual ambiguity. Androgen insensitivity syn-
drome (AIS), also referred to as androgen resistance
syndrome, is a form of male disordered sex development
caused by mutations of the gene encoding the androgen
receptor (located on Xq11-12, X-linked recessive trait).
More than 100 androgen receptor mutations causing
AIS have been reported. Most forms of AIS involve
variable degrees of undervirilization and/or infertility,
but the degree of ambiguity varies according to the
structure and sensitivity of the abnormal receptor. Rei-
fenstein syndrome is a form of AIS with obviously
ambiguous genitalia, small testes in the abdomen or
scrotum, sparse to normal androgenic hair, and gyne-
comastia at puberty. In more subtle cases, AIS due to a
mild, partial androgen receptor defect can present
simply as male infertlity with a low ejaculated sperm
concentration.

An individual with complete androgen insensitivity
syndrome (CAIS, 1:20,000 births) has an entirely female
external appearance, including undescended testes,
despite the normal male karyotype. They are psycho-
sexually female, in accordance with their external
appearance and genitalia. The clitoris and vagina may
be underdeveloped. Bimanual palpation reveals no evi-
dence of internal genitalia (e.g., cervix, uterus) which
can be confirmed laparoscopically. The testes may be
found in inguinal hernias, in the canals, or intraabdomi-
nally. They appear as typical immature, undescended
testes but are at higher risk for malignant degeneration
(4%-9% chance) and should be removed. With AIS,
medical attention is sometimes sought because of the
sudden appearance of testes within the inguinal canals
during pubescence, although the most common presen-
tation is primary amenorrhea. It should be distinguished
from another condition that presents with primary
amenorrhea, vaginal underdevelopment, and absence
of female internal genitalia in 46,XX females due to
inappropriate MIS production and termed Mayer—
Rokitansky—Kiister—Hauser (MRKH) syndrome.

Another condition, 5-a-reductase deficiency (5-
ARD), can be observed in phenotypic females with a
normal male karyotype. Itis characterized by an absence
of the enzyme 5-0-reductase, which converts testoster-
one to dihydrotestosterone (DHT). DHT is the primary
androgen needed for the normal development of male
external genitalia during development. Without DHT,
prenatal genital development results in a female appear-
ance. Individuals with 5-ARD can have normal male
external genitalia, ambiguous genitalia, or normal female
genitalia. They are born with testicles and wolffian
structures but usually have female sex characteristics.

Development of the Genital Tracts and Functional Relationships of the Gonads

Normal female
external genitalia
(or slightly
masculinized)
vagina ends
blindly

/Relatively = ; .

' normal
| female
habitus
(inguinal
herniae)

pical of cryptorchidism
(in situ neoplasia in upper left corner)

Because of the normal action of miillerian-inhibiting
substance produced by the testis in utero, individuals
with 5-ARD lack a uterus and fallopian tubes. Conse-
quently, they are often raised as girls and may develop a
female gender identity. Because male puberty depends
more strongly on testosterone than on DH'T, puberty
will be virilizing unless the gonads are removed or a
blocking medication is used. As a consequence of viril-
ization at puberty, gender identity issues may result in

Testes operatively exposed in %
complete absence of uterus, fa

o

roins; laparotomy reveals
lopian tubes, and ovaries

Urinary gonadotropins normal

{1 7-KS normal or slightly elevated

Estrogen (normal levels for female)

adulthood. Phenotypic girls will also have primary
amenorrhea.

Individuals with 5-ARD are generally capable of
producing viable sperm. In individuals with feminized
or ambiguous genitalia, there is a tendency toward a
macroclitoris or microphallus. This structure may be
capable of ejaculations as well as erections; however,
assisted reproduction is necessary as intercourse may
not be possible.
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Plate 1-15

INTERSEX: FEMALE
PSEUDOHERMAPHRODITISM

A female pseudohermaphrodite is an individual with
ovaries but whose external genitalia have a male appear-
ance. This disorder of sexual development usually
results from hormonal disturbances. The maternal use
of androgens or high doses of certain weakly andro-
genic synthetic progestogens (progestins) can masculin-
ize or virilize the fetal female external genitalia during
susceptible times in pregnancy. An example of a weakly
androgenic substance is the sex steroid danazol, a deriv-
ative of ethisterone (17c-ethinyl-testosterone) that is
used to treat severe endometriosis. Progestogens cur-
rently used for luteal support of pregnancy in in vitro
fertilization (IVF) protocols or for prevention of
preterm birth are progesterone, 170-hydroxyproges-
terone caproate, and dydrogesterone. Along with clito-
ral enlargement (clitoromegaly), some degree of fusion
of the urogenital folds can occur with exposure from
the 8th through the 12th week of gestation. This can
present as ambiguous genitalia at birth. If exposure
occurs after the 12th gestational week, then only clitoral
enlargement occurs. Females with clitoral enlargement
mature normally and have normal fertility, as there is
almost total regression of the genital anomaly. Surgical
correction of labioscrotal fusion is also a relatively
simple procedure if needed. A much rarer cause of cli-
toromegaly is Fraser syndrome, characterized by defects
including underdevelopment of the eyes (cryptophthal-
mos) and linked to the gene FRASI, which may be
involved in skin epithelial morphogenesis.

Miillerian  agenesis  (Mayer—Rokitansky—Kiister—
Hauser [MRKH] syndrome) is a congenital malforma-
tion characterized by a failure of the miillerian ducts
to develop, resulting in a missing uterus and variable
malformations of the vagina. Unlike other intersex con-
ditions, MRKH is not associated with virilization but
only absence of internal female genitalia. A female with
this condition is hormonally normal, enters puberty,
and develops secondary sexual characteristics. Typically,
the vagina is shortened and intercourse may be difficult
and painful. Medical examination demonstrates com-
plete or partial absence of the cervix, uterus, and vagina.
It is possible for these women to have genetic offspring
by IVF and surrogacy. Women with MRKH typically
discover the condition when the menstrual cycle does
not start, as it is the second most common cause of
primary amenorrhea.

The most common cause of female sexual ambiguity
is congenital adrenal hyperplasia (CAH), an endocrine
disorder in which the adrenal glands produce abnor-
mally high levels of virilizing hormones. In genetic
females, this leads to an appearance that may be slightly
masculinized (clitoromegaly) to very masculine. CAH
refers to a constellation of autosomal recessive diseases
that result from mutations in enzymes that mediate
cortisol production from cholesterol (steroidogenesis).
Most of these conditions involve excessive or deficient
production of sex steroids, with 95% due to 21-
hydroxylase deficiency. In addition to ambiguous geni-
talia, there can be vomiting due to salt-wasting, early
pubic hair and rapid growth in childhood, precocious
puberty or failure of puberty, virilization or menstrual
irregularity in adolescence, infertility due to anovula-
tion, and hypertension.

In its most common form, the vagina terminates in
the posterior urethra; more rarely, it may open into the
perineum, with the urethral orifice terminating in the
anterior vaginal wall. The well-developed clitoris

Virilism with
marked hirsutism

Genitalia: hypertrophied
clitoris and urethrovaginal
meatus

resembles a hypospadiac penis with chordee, and the
urethra is usually located in the penile base between two
prominent labia majora, resembling a bifid scrotum.
Palpation may reveal a small (hypoplastic) uterus and
adnexa that result from androgenization.

In addition, there can be various secondary sex char-
acteristics such as marked muscular growth, resulting
in a short, stocky, or square body, and the general
appearance of a well-developed male. Growth in stature
is accelerated early, and the epiphyses close prema-
turely, resulting in an advanced bone age and a lower
than average adult height. Other virilizing stigmata,
such as marked hirsutism of the face, torso, and extremi-
ties, are present. The voice becomes deep, with the

Reproductive System

Genital configuration (vagina opening
into urethra at base of hypertrophied
clitoris; normally placed ovaries)

thyroid cartilage conspicuous. Breast development and
menstruation are lacking. The signs of virilism are man-
ifest usually at age 2 years and are characteristically
progressive. The urine contains an abnormally large
amount of 17-ketosteroids. Adrenal cortical tumors may
also produce virilism, but they occur after birth when it
is too late to cause ambiguous genitalia. Cortisol admin-
istration will suppress pituitary secretion of ACTH and
reduce the activity of the hyperplastic adrenal cortex.
This decrease fails to occur in patients with adrenocorti-
cal neoplasm and, thus, aids in the differential diagnosis.
Treatment involves lifelong use of cortisol-like medica-
tions and gender-aligning surgery in some cases. Fertil-
ity is possible when the disease is well controlled.
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SECTION 2

THE PENIS AND
MALE PERINEUM



Plate 2-1

PELVIC STRUCTURES

The relationships of male pelvic structures are illus-
trated in these complementary sagittal views—a para-
median and a median section. In the lower median view,
the complete course of the wrethra from the bladder
to the meatus at the end of the penis, its passage through
the prostate gland and the urogenital diaphragm, is shown.
In the upper paramedian view, part of the pelvic bones
(os ilium and ischium) have been removed, but both
rami of the left os pubis and part of the inferior ramus of
the ischium are present. The soft parts are sectioned
laterally from the midline. This view permits visualiza-
tion of the course of the vas deferens as it originates in
the scrotum and ascends to pass over the superior ramus
of the pubis and ultimately to the posterior surface of
the bladder, passing over the ureter on each side (“water
under the bridge”). Note too that the bladder, as a
hollow smooth muscular organ, has muscle fibers that
run in all directions, like a ball of yarn, to enable
uniform concentric contractions during micturition.
The paramedian view also illustrates the fact that all
male urogenital organs exist in the extraabdominal,
retroperitoneal space and are covered by the peritoneum
superiorly. Both views outline the attachments and
course of the ischiocavernosus and bulbocavernosus
muscles and demonstrate the suspensory and fundiform
ligaments.

Anatomic details of external and internal organs will
be discussed elsewhere (see pages 23, 24, 31, 51, 52, 76,
and 77). However, well visualized here are the prostate
gland below the bladder and paired seminal vesicles pos-
terior to the bladder. The preperitoneal space of Retzius
exists between the anterior surface of the prostate and
bladder and the posterior surfaces of the symphysis and
recti muscles. This retroperitoneally located potential
space contains veins, areolar tissue, nerves, and lym-
phatics and is bounded below by the superior surface of
the urogenital diaphragm. The posterior surfaces of the
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prostate and the seminal vesicles are separated from the
anterior rectal wall by a definite, fibrous layer of fascia
termed the rectovesical or Denonvilliers fascia that covers
the entire posterior surface of the prostate from its apex,
over the surface of the seminal vesicles superiorly to the
rectovesical pouch. Denonvilliers fascia is an important
surgical landmark for operations that involve removal
of the prostate or reflection of the rectal wall from the
surface of the prostate.

Vesical fascia
Rectovesical pouch

Rectum

Seminal vesicle

Prostate

Rectoprostatic
(Denonvilliers)
fascia

Sphincter urethrae
muscle

Bulbourethral
(Cowper) gland

Perineal body

Bulbospongiosus muscle

Deep perineal (investing
or Gallaudet) fascia

Superficial perineal (Colles) fascia

Buck fascia

Septum of scrotum

Navicular fossa

The fascial planes of the urogenital region have
considerable clinical significance because of their
important function in supporting anatomic structures,
their identification as surgical landmarks, and because
their layered arrangement forms several interfascial
spaces that control the spread of exudates, malignan-
cies, blood, or extravasated urine. In the plates that
follow, these fascial layers will be shown in greater
detail.
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Plate 2-2

SUPERFICIAL FASCIAL LAYERS

The subcutaneous scrotal and perineal fasciae originate
from the superficial fascia of the abdominal wall known
as Scarpa fascia. This fascial layer is found deep o
Camper fascia that backs the skin as a loose layer of fatty
tissue. The abdominal Scarpa fascia is a true fascial layer
that consists mainly of yellowy, elastic fibers that form
a continuous membrane across the lower abdomen. In
the upper abdomen, this fascia cannot be identified as
a distinct membranous structure because it blends with
the general superficial fascia of the upper abdomen. In
the lower lateral abdominal region, Scarpa fascia is
attached to the Poupart ligament, or to the fascia lata of
the upper thigh just below this ligament. It passes over
the external inguinal ring to continue inferiorly over
the penis and scrotum into the perineum, where it fuses
with the posterior inferior margin of the urogenital dia-
phragm. In the perineum, this fascia attaches laterally to
the inferior rami of the pubis and the superior rami of
the ischium and is called Colles fascia. As the fascia envel-
ops the base of the penis, it is joined by additional fibers
that extend from the dorsal penis to the symphysis, thus
forming the fundiform ligament. Within the scrotum,
this fascia is termed dartos fascia (dartos = flayed), as it
is reinforced by smooth muscle fibers.

Thus, deep to the skin exists a continuous superficial
fascial plane that begins in the lower abdomen and
extends inferiorly to encompass the penis, scrotum, and
anterior half of the perineum. Beneath it a potential
space is formed in which fluids or exudates can accu-
mulate and spread along well-defined planes. The
points of fascial fixation, as described, lead to exudative,
infectious, or extravasative processes taking on a char-
acteristic “butterfly” shape of discoloration in this
region. Although they can freely extend up the anterior
abdominal wall to the clavicles, such processes do not
normally extend beyond the inferior landmarks without
penetrating this fascia.

In the scrotal midline, an inversion of the dartos
fascia forms the scrotal septum, dividing the scrotal cavity
into two halves. Anatomists differ as to whether a
further inward extension of Colles fascia, termed the
major leaf of Colles fascia, exists. It crosses the top of
the scrotal cavity, thus forming a roof and separating it

Camper fascia

Scarpa
fascia

Dartos fascia
(Colles fascia
of penis and
scrotum)

Colles fascia
of perineum

Ischiorectal fat

of Colles and Scarpa fasciae

Skin
Dartos fascia

Buck fascia (fascia penis)

Tunica albuginea of
corpus cavernosum penis

Intercavernous septum of Buck fascia

Section through shaft of penis

from the superficial urogenital pouch superiorly. Urine
extravasation from the bulbar urethra would not nor-
mally gain access to the scrotal cavity without rupture
or penetration of this major leaf of fascia. However, this
fascia may contain rows of transverse slitlike openings
in some individuals, which would allow urine access to
the scrotal cavity.

As the major leaf of Colles fascia nears the upper
scrotal cavity, it divides near the anterior margin of the
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scrotum, with a portion extending inward (see Plate
2-3). This so-called deep layer passes posteriorly, deep
to the bulbospongiosus muscles, whereas the major leaf of
Colles fascia in the perineal region is entirely superficial
to the bulbospongiosus and ischiocavernosus muscles.
The deep leaf of Colles fascia lying beneath the bulbo-
spongiosus muscle, together with the superficial or
major layer of fascia, forms a compartment for the bul-
bospongiosus muscle.
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Plate 2-3

DEEP FASCIAL LAYERS

Beneath Colles fascia, within the urogenital triangle, is a
potential space termed the superficial perineal compart-
ment. Within this space, confined by the inferior fascia
of the urogenital diaphragm on its deep aspect, lie the
bulbospongiosus, ischiocavernosus, and superficial trans-
verse perineal muscles. In addition, the bulb of the corpus
cavernosum urethrae and the crura of the corpora cavernosa
penis are found here. At the middle of the base of this
triangle is the perineal body, a point of fusion between
the muscles of the superficial perineal compartment and
the adjacent anal triangle posteriorly.

The deep fascia (Buck) of the penis is a distinct struc-
ture lying beneath the superficial dartos or Colles fascia.
Buck fascia is tenacious, dense, and whitish in appear-
ance. It covers the penile corpora as a strong, fibrous,
tubelike envelope and is adherent to the underlying
tunica albuginea of the penis, which immediately covers
the paired cavernous bodies (see Plate 2-2). Buck fascia
is distinct from the tunica albuginea that covers the
paired corporal cavernosa and the spongiosal bodies,
though no demonstrable space exists between these
adjacent fascial layers. Near the base of each crus, Buck
fascia becomes less distinct as it merges with the tunica
albuginea. At this point, it is continuous with the deep
suspensory ligament of the penis, which is attached to the
symphysis pubis (see Plate 2-1).

Buck fascia originates distally at the penile coronary
sulcus and forms a transverse intercavernous septum,
which separates the penis into two compartments: the
paired corpora cavernosa dorsally and the single spon-
giosal body ventrally (see Plate 2-2, cross section). In
the perineum, this fascia forms three compartments by
covering each crus. Buck fascia covers the paired penile
dorsal arteries and nerves and the deep dorsal vein (see
Plate 2-2, cross section). In the perineum, Buck fascia
lies beneath the reflected deep layer of Colles fascia that
contains the bulbospongiosus and the ischiocavernosus
muscles (see Plate 2-1).

Visualized in cross-sectional drawing on this page, a
portion of Colles fascia (crural septum) spreads to cover
the outer surfaces of the bulbospongiosus muscle and
each ischiocavernosus muscle with the crura within.
The cut margins of the crural septa, as they surround
the ischiocavernosus muscles, are observed in the upper
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drawing. The deep layer of Colles fascia, shown extend-
ing posteriorly under the distal aspect of the bulbocav-
ernosus muscle, is also illustrated. At this point, the
deep layer of Colles fascia also turns backward around
each penile crus and around the corpus spongiosum.
This reflected layer blends with Buck fascia surround-
ing the crura.

Thus, in the urogenital triangle, four fascial layers
cover the bulbous spongiosum and urethra. First is the

Prostate gland

Levator ani muscle
(levator prostatae)

Muscles of urogenital diaphragm

Ischiopubic ramus

Corpus cavernosum penis (crus)
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Ischiocavernosus muscle
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perineal layer of Colles fascia external to the bulbospon-
giosus muscle. Beneath this is the deep extension of Colles
fascia below the bulbospongiosus muscle, followed by
Buck fascia and, finally, the tunica albuginea. Only
three fascial layers cover each crus of the penis: Colles
superficial fascia overlying the ischiocavernosus muscles
and Buck fascia beneath this muscle, which blends with
the deep reflected layer of Colles fascia over the tunica
albuginea.
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Plate 2-4

PENILE FASCIAE AND STRUCTURES

In this view, the distal end of the penis is shown intact
to demonstrate the glans and the frenulum and the rela-
tionship to the foreskin or prepuce. In the sulcus between
the corona of the glans and the internal surface of the
foreskin are shown the openings of the preputial glands
(Tyson glands) that excrete sebaceous material, a main
constituent of smegma.

After removing the deep layer of Colles fascia and
the overlying bulbospongiosus and ischiocavernosus
muscles that cover the penile shaft and crura in Plate
2-3, the true extent of Buck fascia is revealed. In addi-
tion to covering the corpus spongiosum and both crura,
Buck fascia anchors the bulbous portion of the urethra
(corpus spongiosum) and each crus firmly to the pubis,
to the inferior rami of the ischium, and to the urogenital
diaphragm. The removal of Colles fascia at its posterior
insertion in the urogenital diaphragm exposes the super-
ficial transverse perineal muscles and the inferior surface
of the wurogenital diaphragm. Removing the urogenital
diaphragm exposes the deep transverse perineal muscle as
shown in Plate 2-5. The crural septum of Colles fascia,
which extends between the bulbospongiosus and ischio-
cavernosus muscles, separates this portion of the
perineum into three compartments. The perineal body is
the focal point of attachment of the superficial trans-
verse perineal muscles from each side and the anterior
fibers of the external anal sphincter. Beneath the deep
layer of the superficial fascia in the anal triangle, the
greater part of the pelvic diaphragm, which includes the
levator ani muscle as well as the ischiorectal fossa, is visible.

In the lower portion of Plate 2-4, Buck fascia has
been removed from the penis, demonstrating the corpus
spongiosum, which contains the urethra and also forms
the spongiosal glans penis that forms a “cap” over the
joined bodies of the corpora cavernosa. To allow for this,
the paired corpora terminate distally in a pointed
fashion, about 1 to 2 cm from the actual end of the
penis. In the treatment of prolonged erections due to
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ischemic priapism, the blood within the corporal bodies
can be joined with that of the spongiosum to relieve this
condition by surgically creating a hole between the
spongiosal cap and the distal corporal bodies. The inzer-
cavernous septum of Buck fascia between the roof of the
corpus spongiosum and the corpora cavernosa remains,
as previously viewed in cross section in Plate 2-2.
Beneath Buck fascia, each corporal crus of the penis
is firmly fixed to the rami of the pubis and Zschium. The
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cavernous spaces are surrounded by a thick, rigid
fibrous capsule (tunica albuginea) consisting of both deep
and superficial fibers. The latter course longitudinally
and connect both corpora, but the deep fibers run in a
circular manner and form a septum between the corpora
after they become adjacent. Near the end of the penis,
this septum becomes incomplete, allowing commu-
nication between the otherwise two distinct corpora
cavernosa.
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Plate 2-5

UROGENITAL DIAPHRAGM

In the upper figure, the penis, bulbous spongiosum, and
both crura have been removed, exposing the inferior
surface of the wrogenital diaphragm. This surface of the
diaphragm is penetrated by the membranous urethra and
the ducts of Cowper (bulbourethral) glands that lie within
the confines of the inferior and superior fascial layers.
Nerves, arteries, and veins that supply both the corpus
spongiosum and corpora cavernosa also penetrate the
inferior fascial layer of the urogenital diaphragm. The
deep dorsal vein of the penis, which drains the glans penis
and corpora cavernosa, passes through an aperture
above the transverse ligament of the pelvis. This liga-
ment is formed by the fusion of the superior and infe-
rior fascial layers of the urogenital diaphragm. The
urethra, after passing through the urogenital dia-
phragm, pierces the dorsal surface of the corpus spon-
giosum and is contained within it.

In the middle figure, the inferior fascial layer of the
urogenital diaphragm has been removed. Note that the
intramembranous Cowper (bulbourethral) glands and
the deep transverse perineal muscle are now exposed. This
muscle lies between the inferior and superior fascial
layers of the urogenital diaphragm. Anteriorly, the
fibers of this muscle surround the membranous urethra
and are termed the membranous urethral sphincter. Injury
to this muscle or its nerve supply, for example at the
time of radical prostatectomy for prostate cancer, can
result in urinary incontinence.

The bulbospongiosus, ischiocavernosus, and trans-
verse perineal muscles lie within the superficial perineal
compartment (see Plate 2-3). The bulbospongiosus
muscle envelops the posterior part (bulb) of the corpus
spongiosum, and its anterior fibers encircle both the
corpus spongiosum and the paired corpora cavernosa
(see Plate 2-3). It takes origin from the perineal body in
the perineum as well as from a median raphe in the
midline. It acts to expel the last drops of urine from the
urethra during micturition and to aid in the penile
erection.

The paired, fusiform-shaped ischiocavernosus
muscles arise from the inner surfaces of the ischial tuber-
osities and ischiopubic rami. They cover and insert into
the crura of the penis. They act to produce an erection
by compressing the crura.

Dorsal artery and nerve of penis

Cowper (bulbourethral) gland

Cut edge of inferior fascia
of urogenital diaphragm

Regions (triangles) of the
perineum surface topography

Symphysis

Ischio-
pubic
ramus

Ischial tuberosity

Tip of coccyx

The superficial transverse perineal muscles are
slender slips that arise from the inner, anterior part of
the ischial tuberosity and run transversely and insert
into the central perineal body. Here, they blend with
the superficial external anal sphincter (see Plate 2-4). The
perineal branch of the pudendal nerve supplies all of these
perineal muscles.

The lowest figure shows the relevant anatomic land-
marks used to divide the perineum into two topographic
regions: the wrogenital triangle anteriorly and the anal
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triangle

triangle posteriorly. The bases of each triangle are
shared and extend between the bony ischial tuberosities,
roughly paralleling the course of the transverse perineal
muscles. The apex of the urogenital triangle is the pubic
symphysis anteriorly and that of the anal triangle is
the tip of the coccyx posteriorly. Surgical procedures
that traverse these anatomic regions, especially the
anal triangle, are commonly performed in urology
to remove the cancerous prostate (radical perineal
prostatectomy).
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Plate 2-6

BLOOD SuPPLY OF PELVIS

The internal iliac (hypogastric) arteries supply the
greater part of the pelvic wall and pelvic organs. Subject
to variations, these arteries each divide into two major
branches. The anterior branch gives off the following
arteries: obturator, inferior gluteal, umbilical, superior
vesical, middle vesical, inferior vesical, and internal
pudendal, which supplies the external genitalia.

The blood supply of the bladder is derived from three
arteries that enter it on each side and anastomose freely.
The superior vesical artery, supplying the bladder
dome, arises from the umbilical artery. The middle
vesical artery, supplying the bladder fundus and seminal
vesicles, may originate from either the internal iliac
artery or a branch of the superior vesical artery. The
inferior vesical artery, which usually arises as a major
division of the middle hemorrhoidal artery, supplies the
inferior portion of the bladder, the seminal vesicles, and
the prostate. The arterial blood supply to the vas def-
erens (deferential artery) may rise from the superior
vesical artery or from the inferior vesical artery.

The internal pudendal artery, which along with the
gluteal artery stems from the internal iliac, or hypogas-
tric, artery, supplies the external genitalia. The vessel
courses downward and anteriorly to reach the lower
portion of the greater sciatic foramen where, at the
lower border of the piriformis muscle, it leaves the
pelvis. In this region, the internal pudendal artery is
adjacent to the ischial spine under the cover of the
gluteus maximus muscle. The artery then passes
through the sciatic foramen and enters the perineum,
where it finally divides into the perineal artery and the
deep (cavernous) and dorsal arteries of the penis. It is
the internal pudendal-perineal segment of the artery
that may be injured and result in vascular erectile dys-
function associated with long-term bicycle use. After
the artery enters the perineum, it courses upward and
anteriorly along the lateral wall of the ischiorectal fossa
(Alcock canal), where it gives off the inferior rectal
artery.

The prostatic blood supply is surgically relevant
as “nerve-sparing” radical prostatectomy procedures
attempt to identify and avoid cavernous nerves associ-
ated with these vessels to protect erectile function. The
blood supply of the prostate comes from the inferior
vesical artery (branch of internal iliac artery). The
middle hemorrhoidal and internal pudendal arteries
also send small branches to the apical prostate. Within
the prostate, two groups of arteries are reliably observed.
The internal or urethral groups supply approximately
one third of the prostatic mass and the urethra as far as
the verumontanum. These vessels penetrate the pros-
tatic capsule at the prostaticovesical junction and give
off branches that enter and supply the lateral prostatic
lobes (illustrated in a case of hyperplasia). Inside the
gland they proceed in a perpendicular manner and
reach the urethral lumen at the vesical orifice (neck) at
a location of 7 to 11 o’clock on the left and 1 to 5
o’clock on the right of the orifice, as viewed cystoscopi-
cally. After the arteries pass these locations, they turn
distally and course parallel to the urethral surface
beneath the mucosa, supplying the prostatic urethra
and also branching to the prostatic tissue.

The external or capsular arterial group supplies
approximately two thirds of the prostate. These vessels
course along the posterolateral surface of the prostate,
where they are identified during prostatectomy surgery
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and give off branches both ventrally and dorsally to
supply the outer surface of the gland. Many branches
enter the prostatic capsule and anastomose to a moder-
ate extent with vessels of the urethral group. At the apex
of the prostate, the capsular arterial group penetrates
inward to supply the urethra and that portion of the
prostate in the region of the verumontanum.

Venous blood from the prostate drains through the
puboprostatic and vesicoprostatic (pudendal) plexus
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into the vesical and hypogastric veins. This plexus
spreads between the lower part of the os pubis, the
ventral surface of the bladder and the prostate, and
receives major contributions from the deep dorsal
vein of the penis and numerous prostatic veins to
form the retropubic plexus of Santorini over the pros-
tatic capsule. Control of this venous plexus is critical
to reduce blood loss during radical prostatectomy
procedures.

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

25



Plate 2-7

BLOOD SUPPLY OF PERINEUM

The internal pudendal artery, after emerging from
the Alcock canal, gives off several branches. One, the
perineal artery, passes beneath the Colles fascia in the
perineum to course forward anteriorly, either under or
over the superficial transverse perineal muscle. This
vessel supplies the superficial structures of the urogeni-
tal diaphragm and sends a small branch, usually trans-
versely, across the perineum (transverse perineal artery)
that anastomoses with the artery from the opposite side.
The perineal artery then continues anteriorly under-
neath the pubic arch and supplies both the ischiocaver-
nosus and bulbospongiosus muscles. It also sends
branches to the posterior scrotal surface.

The deep terminal branch of the internal pudendal
artery pierces the inferior layers of the urogenital dia-
phragm and continues forward in the cleft between the
ischiocavernosus and bulbospongiosus muscles, where
it divides into the dorsal artery and the cavernous artery
of the penis. As it courses between the inferior and
superior layers of the fasciae of the urogenital dia-
phragm, it supplies the bulbous portion of the urethra
and the corpus spongiosum. Distal to the bulbar
urethra, a small branch passes downward through the
inferior fascial layer of the urogenital diaphragm and
enters the corpus spongiosum, where it continues to the
glans penis (urethral artery).

The deep or cavernous artery of the penis pierces the
inferior layer of the urogenital diaphragm, enters the
crus penis obliquely on each side, and continues distally
in the center of the corpus cavernosum of the penis.
The blood flow within this artery is commonly mea-
sured by ultrasound in the evaluation of arterial erectile
dysfunction. The dorsal artery of the penis pierces the
inferior fascia of the urogenital diaphragm, just below
the transverse ligament of the pelvis (see Plate 2-5),
after which it traverses the suspensory ligament of the
penis and courses forward on the dorsum of the penis
beneath Buck fascia, where it terminates in the prepuce
and glans penis. The paired dorsal arteries of the penis
are situated between a single deep dorsal vein and
paired dorsal nerves. The dorsal artery sends branches
downward through the tunica albuginea of the penis
into the corpus cavernosum, where they anastomose
with the ramifications of the cavernous artery.

In general, the arteries supplying the internal and
external genitalia are accompanied by similarly named
veins. The dorsal veins of the penis, however, pursue a
different course. The subcutaneous dorsal (median and
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lateral) veins, which receive tributaries from preputial
veins, pass proximal to the symphysis pubis, where they
terminate in the superficial external pudendal veins that
drain into the femoral veins. The single deep dorsal
vein of the penis originates in the sulcus behind the
glans penis and drains the glans and the corpus spon-
giosum. It courses posteriorly in a sulcus between the
right and left corpora and passes between both of the
two layers of the suspensory ligament at the penile base

(see Plate 2-6). It then passes through an aperture
between the arcuate ligament of the pubis and the ante-
rior border of the transverse pelvic ligament (see Plate
2-5). The deep dorsal vein then divides into branches
that join the prostatic venous plexus. This plexus of
thin-walled veins, with similar veins from the bladder
and rectum, communicate freely with one another and
with adjacent venous tributaries. Ultimately, they empty
into the internal iliac veins.
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Plate 2-8

BLOOD SuPPLY OF TESTIS

The internal spermatic artery originates from the
abdominal aorta just below the renal artery. Embryo-
logically, the testicles lie opposite the second lumbar
vertebra and keep the blood supply that is acquired
during the first weeks of life as they descend into the
scrotum. The internal spermatic artery joins the sper-
matic cord above the internal inguinal ring and lies
adjacent to the testicular veins (pampiniform plexus) to
the testis mediastinum. Inferior to the scrotal pampini-
form plexus, the spermatic artery is highly coiled and
branches before entering the testis. Extensive intercon-
nections, especially between the internal spermatic and
deferential arteries, allow maintenance of testis viability
even after division of the internal spermatic artery. A
single artery enters the testis in 56% of cases; two
branches enter in 31% of cases and three or more
branches in 13% of testes. In men with a single testicular
artery, its interruption can result in testicular atrophy.
The testicular arteries penetrate the testis tunica albu-
ginea and travel inferiorly along its posterior surface
and penetrate into the parenchyma. Individual arteries
to the seminiferous tubules, termed centrifugal arteries,
travel within the septa between tubules. Centrifugal
artery branches give rise to arterioles that become indi-
vidual intertubular and peritubular capillaries.

The deferential artery (artery of the vas deferens)
originates from either the inferior or superior vesical
artery (see Plate 2-6) and supplies the vas deferens and
the cauda of the epididymis. Near the testis, the internal
spermatic artery and the deferential artery anastomose.
A third artery, the external spermatic artery (cremas-
teric artery), arises from the inferior epigastric artery
from within the internal inguinal ring, where it enters
the spermatic cord. This artery forms a network over
the tunica vaginalis and usually anastomoses at the tes-
ticular mediastinum with the internal spermatic and
deferential arteries. The external spermatic artery also
forms anastomotic patterns that supply the scrotal wall.

The veins of the spermatic cord emerge from the
testis mediastinum to form the extensive pampiniform
plexus. These veins gradually coalesce and, in 60% of
cases, form a single trunk within the inguinal canal. The
pampiniform plexus consists of three groups of freely
anastomosing veins: (1) the internal spermatic vein
group that emerges from the testicle and accompanies
the spermatic artery to enter the vena cava; (2) the
deferential group that accompanies the vas deferens to
veins within the pelvis; and (3) the external spermatic
(cremasteric) group that follows a course along the pos-
terior spermatic cord. The latter group empties into
branches of the superficial and deep inferior epigastric
veins and into the superficial external and deep puden-
dal veins. These groups of veins afford routes of col-
lateral circulation for blood return from the testicles.

The right internal spermatic vein enters the inferior
vena cava obliquely below the right renal vein, whereas
the left internal spermatic vein terminates in the left
renal vein at a right angle, apparently without natural
valve formation. These differences in drainage patterns
likely explain the fact that 95% per cent of varicoceles
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occur on the left side, where natural resistance to
increased abdominal pressure on retrograde flow
through these veins is lower.

‘With varicocele formation, blood flow in the internal
spermatic vein is reversed. With varicocelectomy, all
veins except the deferential veins are ligated to reverse
this process and improve pain or testis function. The
deferential vein affords a sufficient avenue for blood
return. When performed in the retroperitoneum
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(Palomo or laparoscopic), varicocele recurrence rates
after surgery are higher than when performed ingui-
nally or subinguinally because of more complete liga-
tion of all suspicious contributing veins observed more
distally. Because of the increased number of pam-
piniform plexus veins subinguinally and the potential
lack of a sufficiently collateralized arterial supply,
varicocelectomy at this anatomic level is performed
microscopically.
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Plate 2-9

LYMPHATIC DRAINAGE OF PELVIS
AND GENITALIA

The scrotal skin contains a rich network of lymphatics
that join the lymphatics of the penile skin and the
prepuce. These channels, turning outward, terminate
in the superficial inguinal nodes located in the subcu-
taneous tissue beneath the superficial fascia, inferior to
Poupart ligament and above the great saphenous vein.
Penile and scrotal skin diseases can also progress to the
deep inguinal lymph nodes beneath the fascia lata of the
thigh, within the femoral triangle on the medial side of
the femoral canal. Some lymphatics from the penile
skin may also enter the subinguinal nodes that are deep
inguinal lymph nodes located below the junction of the
saphenous and femoral veins. Cloquet or Rosenmiiller
nodes in this nodal group are located in the external
crural canal. Because of the communication between
these nodes, it is important to inspect and remove all
superficial and deep inguinal lymph nodes in penile
cancer cases.

The lymphatics of the glans penis drain toward the
frenulum. They then circle the corona, and the vessels
from both sides unite on the dorsum to accompany the
deep dorsal vein beneath Buck fascia. These lymph
channels may pass through the inguinal and femoral
canals without traversing nodes until they reach exter-
nal iliac nodes that surround the external iliac artery
and the anterior surface of the corresponding vein.
Glans penis lymphatics may also terminate in the deep
inguinal lymph nodes and the presymphyseal node
located anterior to the symphysis pubis.

The lymphatic channels of the penile urethra, passing
around the lateral surfaces of the corpora, accompany
those of the glans penis outlined above or may pierce
the rectus muscle to course directly to the external iliac
nodes. The bulbous and membranous urethra drain
through channels that accompany the internal pudendal
artery and terminate in the internal iliac or hypogastric
(obturator) nodes that are associated with the branches
of the internal iliac (hypogastric) arteries or in the
external iliac nodes.

The rich lymphatic network of the prostate, as well
as the prostatic urethra, ends in the external iliac lymph
nodes. Some lymphatics may accompany the inferior
vesical artery to terminate in the internal iliac or hypo-
gastric (obturator) nodes. These two nodal groups are
most commonly surgically resected when regional
spread of prostate cancer is suspected. Still others may
cross the lateral surface of the rectum to terminate in
the presacral and lateral sacral nodes within the concav-
ity of the sacrum, near the upper sacral foramina and
the middle and lateral sacral arteries. On the basis of
this wide variation in lymphatic drainage of prostate
cancer, lymph node dissection is performed for diag-
nostic but not therapeutic reasons.

The lymphatic vessels of the epididymis join those of
the vas deferens and terminate in external iliac nodes.
Nodal metastases from testicular tumors in these nodes
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indicate probable involvement of the epididymis,
because the lymphatic drainage of the testis follows the
internal spermatic vein through the inguinal canal to
the retroperitoneal space.

Depending on the side, testicular lymphatics, after
angulating sharply toward the midline on crossing the
ureter, terminate in defined groups of retroperitoneal
nodes located along the vena cava and aorta from the
bifurcation to the level of the renal artery. The

(Middle and lateral)
sacral nodes

Pathway alongside
rectum to (middle
and lateral) sacral nodes

Pathway (broken line) from lower prostate
and membranous urethra along internal
pudendal vessels (beneath pelvic diaphragm)
to internal iliac nodes

lymphatics from the right testis drain mainly to the
right paracaval nodes, including precaval, postcaval,
lateral caval, and interaortocaval retroperitoneal lymph
nodes. The lymphatics from the left testis drain mainly
to the left paraaortic nodes, including the preaortic,
lateral aortic, and postaortic lymph nodes. Lymphatic
collaterals between the two testis sides exist, and con-
tralateral metastases can occur when the ipsilateral
nodes become obstructed.
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Plate 2-10

INNERVATION OF GENITALIA |

Genitourinary organs receive a blend of autonomic and
somatic nervous innervation. Autonomic nerves provide
afferent and efferent innervation to organs, blood
vessels, and smooth muscle and are characterized by the
presence of peripheral synapses. Somatic nerves supply
afferent and efferent innervation to skeletal muscle.
Although these two nerve types leave the spinal cord
within shared nerves, their course and function diverge
widely.

The autonomic system is further divided into sym-
pathetic and parasympathetic fibers. Sympathetic pre-
ganglionic fibers are found in the thoracic and lumbar
spine, and parasympathetic preganglionic fibers origi-
nate in the cranial and sacral spinal cord. The pelvic
organs receive a blend of these two autonomic nerve
types through several pelvic ganglia. This autonomic
innervation is demonstrated diagrammatically here,
with a complete description of the anatomic and func-
tional connections found elsewhere in this Collection.

The parasympathetic fibers leave the spinal cord with
the anterior spinal nerve roots from the sacral cord
segments S2 through S4. After passing through the
sacral foramen, they (nervi erigentes) enter the pelvic
nerve plexus (inferior hypogastric) and follow blood
vessels to visceral organs, including the descending and
sigmoid colon, rectum, bladder, penis, and external
genitalia (see table).

The sympathetic fibers are derived from the thora-
columbar spinal cord segments (T'10-1.2). They descend
through the preaortic plexus and abdominal chains to
the presacral area and form a distinct midline nerve
plexus usually located below the aortic bifurcation
called the superior hypogastric plexus. Below this point,
various ramifications of these nerves form the inferior
hypogastric nerve plexus and branches from these two
plexuses pass on to the pelvic organs. These adrenergic
nerves terminate as postganglionic fibers and innervate
the bladder neck, prostate, vasa deferentia, and seminal
vesicles. They are primarily responsible for seminal
emission (see table). Resection of this plexus or division
of the abdominal sympathetic chain generally results in
smooth muscle paralysis in these organs that is clinically
manifest as either retrograde ejaculation or complete
anejaculation, depending on the degree of injury.

The nerve supply of the penis is derived from the
somatic pudendal nerve (S2-S4) and from the pelvic
autonomic plexus. The pudendal nerve traverses the
pelvis adjacent to the internal pudendal artery (see Plate
2-6) and is distributed to the same organs as the vessel
supplies. The perineal branch supplies somatic motor
function to the bulbospongiosus and ischiocavernosus
muscles and also to the muscles of the urogenital dia-
phragm, including the sphincter urethrae (external
sphincter). These muscles are important for somatic
nervous system control of expulsion of the ejaculate
that occurs with ejaculation. Sensory branches of this
nerve are distributed to the skin of the penis (dorsal
nerve of the penis), perineum, and posterior scrotum
(see Plate 2-11).

Nerves emanating from the pelvic autonomic plex-
uses also distribute to the penis and through the cavern-
ous nerve innervate the smooth muscle of the paired
cavernous spaces and the central cavernous artery and
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arterioles within the penis. Thus, through the parasym-
pathetic nervous system, they control cavernous vascu-
lar filling and erections (see table).

Somatic nerves to the pelvic organs are derived from
the lumbosacral plexus containing input from T12 to
S4. They are demonstrated on the left side of the
diagram. The iliohypogastric and ilioinguinal nerves
are both derived from L1 and supply multiple motor
branches to the abdominal wall muscles and sensory

innervation to the skin of the lower abdomen and geni-
talia. The lateral femoral cutaneous nerve and the geni-
tofemoral nerve are derived from L1-L3 and provide
sensory input to the skin of the upper thigh and lateral
genitalia. The genital branch of the genitofemoral
nerve supplies the cremaster and dartos layers of the
scrotum and is responsible for the cremasteric reflex
that can be compromised with swelling of the spermatic
cord as a consequence of testis torsion.

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

29



Plate 2-11

INNERVATION OF GENITALIA Il
AND OF PERINEUM

The nerves supplying the anterior scrotal wall are the
ilioinguinal and the external spermatic branch of the
genitofemoral branch of the lumbar nerves. The super-
ficial perineal branches of the internal pudendal nerve,
along with branches from the posterior cutaneous
nerves of the thigh, innervate the posterior scrotal wall.
The unstriated muscle in the dartos fascia is innervated
by fine autonomic fibers that arise from the hypogastric
plexus and reach the scrotum along with the blood
vessels. Because of this complex innervation from
various sources, the entire scrotum is difficult to anes-
thetize with local anesthesia, unlike the spermatic cord
and testicles.

The nerves supplying the spermatic cord, epididy-
mis, vas deferens, and testis track along the internal
spermatic artery or the vas deferens to reach these
organs (see Plate 2-10). Three nerves converge in the
spermatic cord and innervate these organs: First, the
superior spermatic nerve that penetrates to the interior
of the testicle and supplies it and associated structures.
It accompanies the internal spermatic artery, originat-
ing from the tenth thoracic cord level, and passes
through the preaortic and renal plexuses. Second, the
middle spermatic nerve takes origin from the superior
hypogastric plexus and joins the vas deferens at the
internal inguinal ring and supplies mainly the vas def-
erens and epididymis. Third, the inferior spermatic
nerve, derived from the inferior hypogastric nerve
plexus and also coursing with the vas deferens, also
supplies the vas deferens and epididymis.

In the lower figure, note that perineal nerve and
dorsal nerve of the penis, both derived from the puden-
dal nerve (upper figure), course medial to the ischial
tuberosity on each side of the perineum. Coursing par-
allel to these nerves are the perineal artery and the
artery of the penis, both derived from the internal
pudendal artery (see Plate 2-7). Recent research indi-
cates that the pressure on the male perineum when
sitting on a standard bicycle saddle is sevenfold higher
than that observed sitting in a chair. It is thought that
this increased pressure compresses either the perineal
and dorsal nerves or the perineal and dorsal arteries,
leading to perineal numbness and erectile dysfunction.

A spinal cord reflex termed the “bulbocavernosus
reflex” (more appropriately, the bulbospongiosus reflex)
refers to anal sphincter contraction in response to
squeezing the glans penis. This reflex is mediated
through the dorsal nerve of the penis (afferent) via the
pudendal nerve to the inferior hemorrhoidal nerves
(efferent) and tests the integrity of spinal cord levels
S2-S4. In cases of spinal cord injury, the absence of this
reflex documents continuation of spinal shock or spinal
injury at the level of the reflex arc itself (cauda equina
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injury). Likewise, the return of the bulbospongiosus
reflex signals the termination of spinal shock.
“Referred pain” to and from the scrotal region is of
considerable clinical interest. In general, stimulation of
the testis, epididymis, and tunica vaginalis can cause
pain locally and also pain that projects to the lower
abdomen, above the internal inguinal ring. Scrotal pain
is likely perceived by the genital (external spermatic)
branch of the genitofemoral nerve. Pain in the testis
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proper is referred to its point of origin in the retroperi-
toneum by referral through the superior spermatic
nerve. Pain associated with renal stones may be per-
ceived as arising from the testicle because both the
testicle and kidney, including the renal pelvis, receive
autonomic fibers from the same preaortic autonomic
plexus near the renal arteries. Another source of this
pain is radiating pain due to irritation of the genito-
femoral nerve often adjacent to the upper ureter.
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Plate 2-12

URETHRA AND PENIS

The figure shows the entire length of the male urethra
as it traverses the prostate, pelvic diaphragm, and the
penis. The natural curvature (see Plate 2-1) of the penis
has been removed. The fascial relationships among
tissues in the penis are not emphasized here but can be
found in Plates 2-2 through 2-4. The pendulous, or
penile urethra, and bulbous urethra extend through the
center of the spongy tissue called the corpus spongio-
sum that joins with the paired corpora cavernosa to
form the penile shaft. Each of the three spongy bodies
is enclosed in a fibrous capsule, the tunica albuginea
(see lower portion of Plate 2-3). The cavernosal and
spongiosal bodies have a separate blood supply and
there are normally no vascular anastomoses between
them. Vascular shunts between these bodies may occur
with trauma, however. The spongy tissue of the corpora
cavernosa and spongiosum is composed of large venous
sinuses that become widely dilated and engorged with
blood during penile erection.

The urethral epithelium varies in different anatomic
segments of the urethra. From the bladder neck to the
triangular ligament (pars prostatica), the funnel-shaped
coning of the trigone as it progresses distally into the
prostatic urethra, the epithelium is transitional in char-
acter. In the membranous urethra (pars membranacea)
that traverses the urogenital diaphragm, the epithelium
assumes a stratified columnar form. The epithelium
of the penile urethra (pars cavernosa) is composed of
pseudostratified and columnar cells. Distally, in the
fossa navicularis, the epithelial cells are stratified squa-
mous in nature. The urethral mucosa is surrounded
by the lamina propria that consists of areolar tissue
with venous sinuses and bundles of smooth, unstriated
muscle.

The floor of the prostatic urethra contains numerous
orifices that represent the terminal ducts of the pros-
tatic acini. Also on the prostatic urethral floor is an
obvious elevation called the verumontanum, colliculus
seminalis, or prostatic utricle. This mound of tissue
contains a small pocket or utricle that represents the
fused ends of each of the miillerian ducts (see Plate 1-2).
In fact, the utricle is considered the male remnant of
the female uterus. Just distal and lateral to the utricle
are the slit-like orifices of the paired ejaculatory ducts,
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the obstruction of which is a well-defined cause of male
infertility.

Within the penile periurethral tissue are many small,
branched, tubular glands, the epithelia of which contain
modified columnar, mucus-secreting cells. These
glands of Littré are more numerous in the roof than
the floor of the penile urethra. Also found in the roof
of the penile urethra are many small recesses called
the lacunae of Morgagni, into which the glands of
Littré empty. These lacunae and glands may become
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chronically infected following urethritis, resulting in
recurring symptoms and urethral discharge.

The pea-sized bulbourethral glands of Cowper lie
laterally and posteriorly to the membranous urethra
between the fasciae and the urethral sphincter within
the urogenital diaphragm (see Plate 2-5). The ducts of
these glands, about an inch long, pass obliquely forward
and open on the floor of the bulbous urethra. The
secretions from these glands form part of the seminal
fluid during ejaculation.

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

31



Plate 2-13

ERECTION AND
ERECTILE DYSFUNCTION

THE PENILE ERECTION

Penile erection is essentially a neurovascular event. Upon
sexual stimulation, nerve impulses release neurotrans-
mitters from the cavernous nerve terminals and relaxing
factors from penile endothelial cells result in an erection.
Nitric oxide released from parasympathetic nerve termi-
nals is the principal neurotransmitter for penile erection.
Within penile smooth muscle, nitric oxide activates
a guanylyl cyclase that raises intracellular concentra-
tions of cyclic guanosine monophosphate (GMP). Cyclic
GMP in turn activates cGMP-dependent protein kinase,
which results in the opening of the potassium channels,
hyperpolarization, and sequestration of intracellular
calcium. As a result of a drop in cytosolic calcium,
smooth muscle relaxation occurs, leading to erection.
Subsequent to the activation of this signal pathway,
three events are required for a normal erection: (1) relax-
ation of smooth muscle in the arteries and arterioles
supplying erectile tissue. This results in a several-fold
increase in blood flow. Concomitantly, there is (2) relax-
ation of the cavernous sinusoidal smooth muscle within
the paired corporeal bodies, facilitating rapid filling and
expansion of the sinusoids. As a result, (3) venous plex-
uses located between the cavernous sinusoidal spaces and
the tunica albuginea covering the corporal bodies are
compressed, resulting in almost total occlusion of venous
outflow. These events effectively trap blood within the
corpora cavernosa and raise the penis from a flaccid to an
erect position (tumescence phase). Both masturbation
and sexual intercourse trigger the bulbocavernosus reflex
(see Plate 2-11) that causes the ischiocavernosus muscles
to forcefully compress the blood-filled corpora caver-
nosa. During ejaculation, penile intracavernous pres-
sures reach several hundred millimeters of mercury
(rigid phase). During this phase, vascular inflow and
outflow temporarily cease. Detumescence results when
erectile neurotransmitter release stops, when phosphodi-
esterases break down second messengers, or as a result of
sympathetic discharge during ejaculation. On return to
the flaccid state, cyclic GMP is hydrolyzed to guanosine
monophosphate by phosphodiesterase type 5. Currently,
three oral agents prescribed for erectile dysfunction
work by blocking phosphodiesterase enzyme activity.

ERECTILE DYSFUNCTION

Erectile dysfunction is traditionally classified as psycho-
genic or organic in nature. Among organic forms, there
are neurogenic, hormonal, arterial, venous, or cavernosal
and drug-induced. Itis now clear that cardiovascular risk
factors suggestive of the “metabolic syndrome,” such as
hypertension, dyslipidemia, ischemic heart disease, and
diabetes mellitus are associated with generalized penile
arterial insufficiency. In fact, significant erectile dysfunc-
tion precedes heart attacks and stroke events by 5 to 7
years. Common causes of psychogenic erectile dysfunc-
tion include performance anxiety, strained relationship,
lack of sexual arousability, and overt psychiatric disor-
ders, such as depression and schizophrenia. Neurologic
disorders such as Parkinson and Alzheimer diseases,
stroke, and cerebral trauma can cause erectile dysfunc-
tion by decreasing libido or affecting the cerebral control
of erection. In men with spinal cord injury, the degree of
erectile function varies widely and depends on the lesion.
Hormonally, androgen deficiency causes a decrease in
nocturnal erections and decreases libido. Hyperpro-
lactinemia of any cause results in sexual dysfunction

Chemical pathways of an erection
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because of the inhibitory action of prolactin on
gonadotropin-releasing hormone secretion, resulting
in hypogonadotropic hypogonadism. Sexual function
also progressively declines in “healthy” aging men. For
example, the latent period between sexual stimulation
and erection increases, erections are less turgid, ejacula-
tion is less forceful, ejaculatory volume decreases, and
the refractory period between erections lengthens.

Erectile Dysfunction—Evaluation

Erectile dysfunction can be the presenting symptom of
various diseases. Therefore, a thorough history (medical,
sexual, and psychosocial), physical examination, and
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appropriate laboratory tests aimed at detecting these
diseases should be performed. The physical examination
should evaluate the breast, hair distribution, penis and
testis, femoral and pedal pulses, and testing of genital
and perineal sensation. Recommended laboratory tests
include urinalysis, complete blood count, fasting blood
glucose, lipid profiles, and testosterone. The physician
should then assess the findings, inquire about the goals
and preferences of the man (and partner), and discuss
therapeutic options. Cardiovascular risk factors should
be determined and an appropriate referral made if these
risks exist. In most cases, erectile dysfunction can be
treated with systemic or local therapy.
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Plate 2-14

HYPOSPADIAS AND EPISPADIAS

Hypospadias is a birth defect of the male urethra that
involves an abnormally placed urethral meatus. Instead
of opening at the tip of the glans penis, a hypospadic
urethra opens anywhere along a line (the urethral
groove) from the penile tip along the ventral shaft to
the junction of the penis and scrotum or perineum.
This is among the most common birth defects of the
male genitalia, second only to cryptorchidism, but the
incidence varies widely from country to country, from
as low as 1 in 4000 to as high as 1 in 125 boys. Hypo-
spadias can occur as an isolated defect or it can be
observed in a complex syndrome of multiple malforma-
tions. The global incidence of hypospadias has increased
since the 1980s and this has been attributed to the wider
application of assisted reproductive techniques and to
endocrine disruptors. As it is considered to represent a
degree of feminization or male pseudohermaphrodit-
ism (see Plate 1-13), hypospadias has also been associ-
ated with hypogonadism.

In hypospadias, the genital folds (see Plate 1-3) that
normally unite over the urethral groove from the peno-
scrotal junction fail to close fully, thus creating a ure-
thral meatus in a more proximal than normal location.
The urethral meatus in one-half of cases is located just
proximal to the normal meatus but still on the glans
penis and is referred to as glanular or first-degree hypo-
spadias. In penile or second-degree hypospadias, the
urethral meatus is situated more proximally on the
penile shaft. In perineal or third-degree hypospadias,
the urethral opening is proximal to the penile shaft and
is observed on the scrotal or perineal skin.

With hypospadias, the prepuce is usually redundant
and forms a hood over the glans. In most cases, the
urethra and corpus spongiosum fail to form normally,
which results in a downward penile curvature (chordee)
due to fibrous bands on the ventral undersurface. The
scrotum may be bifid, with maldescended testes in some
instances. Early correction of the chordee is important
so that the penis and corporal bodies may grow straight.
Androgens may be a valuable adjunct before surgery.
Circumcision should not be performed because the
hooded foreskin may be of use later as a source of flap
tissue in urethral reconstruction.

Epispadias is a rare anomaly of the male urethra and
is usually associated with exstrophy of the bladder
(exstrophy—epispadias complex). It occurs in around 1
in 120,000 male and 1 in 500,000 female births. In this
condition, the urethral orifice is observed on the dorsal
penis just proximal to the glans (glanular epispadias) or
is observed as an opening under the symphysis pubis in
complete epispadias. Epispadias is a partial form of a
spectrum of failures of abdominal and pelvic fusion in
early embryogenesis. While epispadias occurs in all
cases of exstrophy, it can also appear in isolation as the
least severe form of the complex. It occurs as a result
of defective migration of the genital tubercle primordia

Penile epispadias

to the cloacal membrane during the fifth week of
gestation.

In this condition, the floor of the urethra is observed
as a groove on the dorsum of the penis that is lined by
mucosa and demonstrates openings of the periurethral
glands (see Plate 2-12). The partial prepuce is located
on the ventral penis. The epispadiac penis tends to
curve upward and press against the mons pubis. The
membranous and prostatic urethrae in most cases of

The Penis and Male Perineum

Penile hypospadias

Complete epispadias

complete epispadias are widely patent with incomplete
development of the external sphincter muscle so that
patients are commonly incontinent. The symphysis
pubis may be well formed or may only be a fibrous band
of tissue. Causes of epispadias are still unknown but
theories that postulate endocrine disruption, polyge-
netic predisposition, and viral infection have been put
forth. Urinary tract reconstruction is necessary to
restore continence and full penile function.
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Plate 2-15

CONGENITAL VALVE FORMATION
AND CYST

Congenital posterior urethral valves are serious anoma-
lies of the posterior urethra. Thin folds of mucosa origi-
nate from the verumontanum and extend to the sides
of the urethra and form a “wind sail” in the urethra.
Urine flow fills the sails and results in chronic obstruc-
tion to urine flow, which then leads to compensatory
bladder hypertrophy and eventually to bilateral hydro-
nephrosis. The condition should be suspected when the
following are observed: difficult urination, enuresis,
intractable pyuria, recurrent urinary tract infection, or
evidence of renal insufficiency. The diagnosis can be
difficult to make, because the “valves” are difficult to
see (the sails are floppy) when viewed in a retrograde
fashion through cystoscopy. The diagnosis is best made
with a voiding cystourethrogram. With transurethral
approaches, the valve folds can be removed or fulgu-
rated with complete relief of the urinary obstruction.
Renal insufficiency, however, is usually irreversible.

Congenital cysts of the external genitalia are rela-
tively rare. These cysts, simple or multiple, are usually
situated along the median raphe of the penis at any
point from the frenulum to the scrotum. On palpation
they are freely movable, tense, rounded masses lying
just beneath the skin.

Cysts of the internal genitalia may occur in the
Cowper gland within the membranous urethra and also
at the verumontanum (miillerian duct cysts). Cysts
occurring in the verumontanum are vestigial ends of the
miillerian ducts (see Plate 1-12) and can be large and
project posteriorly to the prostate and seminal vesicles
or occupy the space between the anterior rectal wall and
the posterior bladder and prostate. Although usually
small (few centimeters), they can approximate the size
of a large orange or present as a large abdominal mass.
There is usually communication by a small neck or
channel to the utricle at the verumontanum. Wolffian
or ejaculatory duct cysts are usually found laterally
along either ejaculatory duct, unlike midline miillerian
duct cysts. Either type of cyst can cause ejaculatory duct
obstruction and present as a low ejaculate volume and
azoospermia. They are quite treatable with transure-
thral cyst unroofing.

On occasion, wolffian and miillerian duct cysts may
present with other symptoms beside infertlity. A
history of intermittent bloody urethral discharge,
dysuria, a sensation of fullness in the rectum, or distur-
bances in sexual function that include hematospermia
(blood in the semen) or dyspareunia (painful climax) are
not uncommon. The diagnosis is confirmed with trans-
rectal ultrasound, which may show the cyst in associa-
tion with dilated seminal vesicles (>1.5 cm width) or
dilated ejaculatory ducts (>2.3 mm wide). Sophisticated
adjunctive techniques such as vasodynamic pressure
measurements, based on the same concept as urody-
namic assessment of bladder function, can confirm
physical obstruction of the seminal vesicles in cases of
partial ejaculatory duct obstruction.

Urethral congenital valve with
bladder hypertrophy and dilated
ureters and renal pelves

Reproductive System

Congenital miillerian cyst

Other congenital anomalies (not illustrated) are rare.
Congenital urethral diverticulae are located on the
ventral urethra from the triangular ligament to the glans
penis. These diverticulae may, in rare instances, develop
to a size that almost completely obstructs the urethra,
similar to cases of acquired urethral diverticulae resulting
from strictures and tumors. Congenital stricture of the
meatus causes dysuria and small ulcerations at the ure-
thral meatus. Undiscovered meatal stenosis or strictures

may lead to voiding dysfunction, cystitis, and pyelone-
phritis. Treatment requires antibiotics and urethral dila-
tion or formal meatotomy. Absence or atresia of the
urethra is very rare but may be associated with other
anomalies in which the bladder urine drains through the
urachus into the umbilicus or into the rectum. Congeni-
tal urethrorectal fistula, in which a communication exists
between the membranous urethra and the rectum, is also
very rare and is usually associated with imperforate anus.
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Plate 2-16

URETHRAL ANOMALIES,
VERUMONTANUM DISORDERS

Diverticula are outpouchings of the urethral lumen that
occur in both the anterior and posterior urethra. They
may be congenital or acquired. The congenital variety,
usually located in the penile urethra, is more frequent.
Diverticula are further divided into true and false (pseu-
dodiverticula) forms. The true diverticulum is generally
congenital in origin and has a mucous membrane lining
continuous with that of the urethra, whereas the wall
of the false type is initially an unlined pouch as a result
of a neoplastic or inflammatory process. Destruction of
the mucosal lining of a true diverticulum by inflamma-
tion may render the two types indistinguishable. A false,
acquired diverticulum may become epithelialized fol-
lowing surgical drainage of a periurethral abscess and
may be interpreted as a true variety. Acquired diver-
ticula are frequently observed in spinal cord injury
patients who develop painless, undetected periurethral
abscesses from chronic urethral catheters. These are
“false” at the onset but appear “true” after epithelializa-
tion. Acquired pseudodiverticula are frequently found
in the posterior urethra following instrumental trauma,
whereas congenital diverticula are almost always located
on the ventral wall of the anterior urethra.

Difficult urination (stranguria) or recurrent urinary
tract infections are the most common presenting
symptom. In addition, a common history is that during
micturition, a mass appears in the perineum, scrotum,
or under the penis that slowly disappears with dribbling
of urine from the urethra. The condition is suspected
by observation and palpation of the diverticular mass
and the diagnosis is confirmed by urethroscopy and
antegrade or retrograde urethrography. Diverticula are
rarely asymptomatic and are best treated by complete
excision and reconstruction of the urethral channel.

The accessory or duplicated urethra is very rare and
has an unknown embryologic origin. They end blindly,
generally at a depth of 3 to 10 mm (incomplete form,
Effman Type I), but can be much longer and connect
with the urinary tract (complete form, Effman Type II).
They can communicate with the true, orthotopic
urethra and for the most part are located ventral (hypo-
spadiac) to the true urethral channel. When found
dorsal to the true urethra, they are termed epispadiac
duplicated urethrae. The most common type of ure-
thral duplication is the Y type, in which a perineal
meatus accompanies the usual orthotopic penile meatus.
Retention of inflammatory exudates within these acces-
sory structures can lead to recurrent abscess formation
and intermittent purulent discharge. Infected anoma-
lous tracts may require complete marsupialization or
excision to eradicate the chronic inflammation.

Disorders of the verumontanum can be found in all
age groups. The verumontanum represents the fusion
of the terminal miillerian ducts (see Plate 2-12) and is
located in the posterior urethral floor proximal to the
external urethral sphincter. The only known function
of this structure is to direct the semen during ejacula-
tion. Congenital hypertrophy of the verumontanum is
probably caused by maternal estrogens. It may be quite
enlarged in young children and may nearly obstruct the
prostatic urethra. Obstructive urinary symptoms such
as stranguria and urinary frequency occur, until over-
flow incontinence develops. This form of incontinence
in this age group can often be confused with benign
enuresis. When severe, the back pressure induced by
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Diverticulum of urethra (other location indicated by broken lines)

Accessory urethra

Hypertrophy

this obstruction on the upper urinary tract results in
renal damage, especially if urinary tract infection is
present. Surgical removal of the histologically normal
but enlarged verumontanum by transurethral resection
is usually curative but renal damage may persist.
Verumontanitis, or inflammation of the verumonta-
num, is usually due to underlying inflammation from
chronic prostatitis, urethritis, or seminal vesiculitis.
Visible changes include simple vascular engorgement
or congestion, with or without edema. Chronic cases

Intense congestion

Verumontanitis
with granulations
and small cysts

assume a granular and cystic appearance. Verumontani-
tis in adults can provoke abnormal sexual symptoms,
such as pain with ejaculation or hematospermia, and can
cause urinary symptoms such as frequency and urgency.
The ejaculatory ducts may be obstructed, leading to
seminal vesicle dilation and pain radiating to the low
back, perineum, scrotum, and rectum. The diagnosis is
generally made by urethroscopy and treatment is
directed at the underlying obstructive or inflammatory
condition.
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Plate 2-17

PHIMOSIS, PARAPHIMOSIS,
STRANGULATION

A redundant prepuce is normal in the newborn and
during early childhood. Phimosis is diagnosed only
when the prepuce cannot be replaced over the glans
penis after being retracted. If the foreskin is not
retracted during early childhood and the congenital
adhesions are not released, complete fibrous bands can
develop between the prepuce and glans penis. When
adhesions are present proximal to the glans corona, the
preputial cavity or sulcus behind the glans near the fold
of the inner preputial skin may be obliterated. These
adhesions may be easily overlooked if the foreskin is
partially retracted, exposing just the glans and not the
entire preputial sulcus.

Phimosis may be so marked that the opening in the
foreskin is pinhole sized. Urinary obstruction is rare but
possible, with ballooning of the preputial cavity with
urine upon micturition. When infected, the prepuce
may become edematous, enlarged, and pendulous, with
purulent discharge oozing from the red and tender pre-
putial orifice. The retention of decomposing smegma,
retained urine, and epithelium within this cavity may
lead to ulcerative inflammatory conditions (see Plate
2-21), formation of calculi, and leukoplakia. A phimotic
foreskin should be removed in any age group as the
risk of acquiring penile cancer is greatly elevated in
uncircumcised men demonstrating poor hygiene and
retention of such carcinogenic decomposed secretions.
Understand, however, that men who demonstrate
excellent penile hygiene have no increased risk of con-
tracting penile cancer compared to uncircumcised men.
Circumcision has also been demonstrated to reduce the
spread of HIV infection among heterosexual men and
their partners in endemic areas.

Paraphimosis is a tight retraction of the foreskin
behind or proximal to the coronary sulcus. It may result
from the retraction of a congenitally phimotic prepuce
or from the contraction of an essentially normal prepuce
that has become swollen due to either edema or inflam-
mation. In this condition, venous and lymphatic drain-
age is impaired resulting in marked edematous swelling
of the prepuce and glans penis distal to the constricting
ring. As swelling progresses, the impact of the constric-
tion becomes more serious until the retracted preputial
skin is impossible to manually reduce. Severe infection
in the form of cellulitis, phlebitis, erysipelas, or gan-
grene of the paraphimotic foreskin may occur. Ulcer-
ation at the point of the constricting band may result
in a release of the obstruction. In the event of failure of

Phimosis

Paraphimosis

manual reduction, incisions are made in the constrict-
ing band of retracted foreskin to relieve constriction
(dorsal slit) and allow for swelling to reside before a
formal circumcision is performed.

Placing the penis into rigid devices such as bottles,
pipes, and metal rings may result in strangulation
similar to that observed with severe paraphimosis.
Edema, thrombosis, inflammation, gangrene, and
sloughing are observed in neglected cases. With small

Adherent foreskin

Reproductive System

Phimosis with inflammation

Strangulation by metal ring

constricting bands, the edema may become so excessive
that the constricting object is not visible. Reduction of
the device should be attempted before operation, as it
may be possible to reduce the edema under anesthesia
with constant manual pressure applied distal to the con-
stricting ring. Metal objects, even hardened stainless
steel, can be removed under anesthesia with the Gigli
saw or jeweler’s saws, making penile amputation from
gangrene rarely necessary.
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Plate 2-18

PEYRONIE DISEASE, PRIAPISM,
THROMBOSIS

PEYRONIE DISEASE

Peyronie disease (PD), also known as induratio penis
plastica, is a benign, poorly understood condition that
is associated with penile deformity. It occurs mainly in
men 50 to 60 years of age, although it can occur at any
age. The condition includes penile curvature or a
plaque, penile pain, and erectile dysfunction. Among
these, penile curvature is the most common deformity.
Interestingly, PD is also associated with Dupuytren
contracture of the palma fascia of the hand.

The penis may bend in any direction, although an
upward bend is most common. Usually, the deformity is
only evident during erection. Less commonly, a “waist”
or “hourglass” defect may exist in which one segment of
the penis is narrower than the surrounding areas. Impor-
tantly, PD is a separate entity from chordee, which is a
congenital penile curvature observed in newborns and is
not associated with plaques or pain. A firm, flat, benign
nodule or plaque may be felt on the penis and may con-
tribute to curvature. The plaque is located within the
tunica albuginea, the tough fibrous covering of the
corpora cavernosal bodies. The plaque may accumulate
calcium and become bone-like. Associated penile pain is
most severe during erection but may be present at rest.
Pain is often the first sign and occurs before noticeable
bending. Bending occurs toward the side with the plaque.
In most cases, the pain will resolve with time although
plaques and curvature may persist. About 50% of men
who present with PD also have erectile dysfunction.

The process by which penile plaques develop is
unknown. The leading theory is that minor trauma
(often unnoticed) from penile buckling during sex
shears layers of the tunica albuginea and disrupts small
blood vessels. Bleeding and trauma induce the release
of proinflammatory agents such as transforming growth
factor-B (TGF-beta) and fibrin. The inability to drain
these inflammatory mediators away from the injury
leads to prolonged inflammation and fibrosis. In 15%
of patients, PD will resolve with time. In persistent
cases, empirical medical treatments include antioxi-
dants, anti-inflammatory agents, and penile stretching
devices. Surgical cures are routine with either penile
plication (straightening) procedures or plaque excision
and grafting procedures and may involve penile pros-
thesis implantation.

PRIAPISM

Priapism is a prolonged and often painful penile erec-
tion lasting more than 4 hours and not related to sexual
desire or stimulation. The word is derived from the
Roman god Priapus, a deity renowned for his erect
penis. Priapism can affect boys and men at any age.
There are two types of priapism, ischemic and
nonischemic. Ischemic, low-flow, or venoocclusive
priapism occurs when there is no penile blood flow.
With obstruction to flow, trapped blood increases pres-
sure and the penile shaft becomes very hard and painful.
Nonischemic priapism, also known as high-flow pria-
pism, is rare and occurs with excessive blood flow
through the penis as a result of arterial rupture within
the erectile tissue, most commonly from blunt injury to
the groin or pelvis. In nonischemic priapism, the penis
is enlarged but not as rigid as a normal erection and
there is usually less pain. It is critical to distinguish
these two forms of priapism, as ischemic priapism is a

Peyronie disease

Clinical aspect

Ischemic priapism

medical emergency that can permanently injure the
penis and lead to erectile dysfunction. This generally
occurs after 48 hours of unwanted erection as throm-
bosis within the cavernous spaces causes fibrosis and
permanent loss of function.

Priapism can be idiopathic or secondary in nature.
Drugs associated with priapism include papaverine,
phentolamine, prostaglandin (when given for erectile
dysfunction), trazodone, propranolol, hydralazine,
thioridazine, antidepressants, and cocaine. Medical

Transverse section. Fibrous mass
between corpora cavernosa

The Penis and Male Perineum
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and priapism)
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conditions associated with priapism include spinal cord
injury, leukemia, gout, sickle cell anemia, and advanced
pelvic and metastatic cancer. Treatment is directed at
relieving the erection with corporal irrigation to remove
blood clots, intracorporal injection of o-agonist drugs
to contract arteries, and occasionally surgical shunts
to restore venous outflow. It is also important to find
and treat the root cause of ischemic priapism with intra-
venous fluids, pain medication, oxygen, radiation, or
chemotherapy.
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Plate 2-19

TRAUMA TO PENIS
AND URETHRA

Beneath the deep layer of Colles fascia and Buck fascia
(see Plate 2-4), the paired corpora cavernosal bodies of
the penis are encased in a thick tunica albuginea layer.
Rupture of the corpora cavernosa is rare but is encoun-
tered from direct trauma or penile fracture from vigor-
ous intercourse or with the use of devices. Rupture of
the tunica albuginea usually includes rupture of Buck
fascia (see Plate 2-4), in which case the penis quickly
swells as a result of extravasation of blood. Early surgi-
cal repair of the ruptured tunica albuginea may prevent
thrombosis and subsequent fibrosis of the erectile tissue
with consequent erectile dysfunction.

Isolated rupture of the urethra from trauma is not
uncommon. It occurs as a result of three mechanisms:
external or internal injury or obstructive disease. Exter-
nal blunt or penetrating injuries may involve the penile
or bulbous urethra, more commonly the latter because
of its immobility. Severe straddle injuries result from a
blow to the perineum and bulbous urethra, usually after
a fall astride a blunt or sharp object with the bulbous
urethra crushed against the underside of the bony sym-
physis pubis. Pelvic fractures may physically separate
the posterior (membranous) urethra from the bladder
at the pelvic diaphragm or drive bone fragments
into the urethra and corporal bodies where they attach
to the pubic rami. The clinical presentation may include
the inability to urinate and blood at the urethral meatus.
Extensive injuries generally involve the corpus spongio-
sum surrounding the urethra and Buck fascia, with sub-
cutaneous hematoma formation in the perineum and
penis.

In cases of urethral tears limited to the mucosa, the
only symptom may be blood at the urethral meatus.
Abrasions and small tears generally cause blood at the
meatus and hematuria, whereas more extensive lacera-
tions result in periurethral and subcutaneous hemato-
mas and urinary retention. With extensive injuries, a
Foley catheter may be unable to be passed and there
may be the appearance of a rapidly developing subcu-
taneous hematoma. With meatal blood, before a cath-
eter is attempted, an emergent retrograde urethrogram
will demonstrate discontinuity or rupture of the urethra.
Immediate surgical exploration is possible if the patient
is hemodynamically stable, and the severed ends of
the urethra can be anastomosed over a urethral cathe-
ter. Otherwise, urinary diversion with a suprapubic
tube and delayed reconstruction are undertaken either
sooner (within 5 days) or later (several months) after
the injury with excellent results.

Urination with a urethral injury can result in extrava-
sation of urine into the subcutaneous tissues outside of
Buck fascia and beneath Colles fascia, where it spreads
along known anatomic pathways (see Plate 2-20). In
subtle, unrecognized injuries, urinary extravasation can
lead to perjurethral abscess and cellulitis and even fas-
ciitis and gangrene of the genitalia (Fournier gangrene).
Stricture formation, urinary incontinence, and erectile
dysfunction are late sequelae of urethral trauma (see
Plate 2-26).

Internal urethral injuries result from the passage of
sounds, catheters, or foreign objects via the urethra.
The urethral mucosa is easily penetrated by catheters,
especially when used with a metal stylet or catheter
guide. The penetration usually results in a false passage
posterior to the urethra within the corpus spongiosum.
The tunica albuginea and Buck fascia may also be

Straddle injury

penetrated, in which case blood and urine may pass to
the subcutaneous tissues. Typically, this occurs with
attempts to dilate existing urethral strictures and is fol-
lowed by a slowly developing periurethral abscess.
Spontaneous rupture of the urethra proximal to a
preexisting urethral stricture may be due to increased
intraurethral voiding pressure. Urethral rupture may be
accompanied by chills and fever as urine and bacteria
enter the circulation through the venous spaces of the

Reproductive System

Injury due to fracture of pelvis

corpus spongiosum (“urethral chill”). The most devas-
tating complication of this phenomenon is the occur-
rence of perineal and genital fasciitis (tracking along
Colles fascia) due to gram-negative rods or anaerobic
bacteria, otherwise known as Fournier gangrene. This
life-threatening infection requires immediate and
repeated surgical drainage to avoid overwhelming
sepsis and has measurable fatality rates in older, immu-
nocompromised, or diabetic patients.
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Plate 2-20

URINARY EXTRAVASATION

Urinary extravasation from the urinary tract will infil-
trate specific anatomic spaces that are defined by well-
described fascial planes (see Plate 2-2). Thus, the
degree and extent of urine extravasation depends not
only on the type and severity of the injury but also
on the involved fascial planes, making knowledge
of these fasciae important in the treatment of this con-
dition. Urine may extravasate from urethral perfora-
tion, resulting from periurethral abscess formation,
instrumentation, external trauma (see Plate 2-19), or
malignancy.

Most extravasation occurs in the bulbous urethra
where the urine escapes into the well-vascularized
corpus spongiosum that surrounds it. By this mecha-
nism, infected urine enters the vascular system, often
resulting in “urethral chill”—a sign of bacteremia. If the
extravasation occurs gradually because of abscess for-
mation in the bulbous urethra, it is at first limited by
Buck fascia and appears as localized swelling deep in the
perineum. If Buck fascia remains intact after penile ure-
thral injury, extravasation causes swelling limited to the
ventral penis. If the intercavernous or transverse septum
of Buck fascia (see Plate 2-2) is penetrated, then the
entire penis becomes symmetrically swollen.

Inflammatory processes eventually rupture through
Buck fascia, and urine and exudate are then observed
deep to Colles fascia in the perineum. Traumatic injury
that extends through Buck fascia results in immediate
spread of extravasate beneath Colles fascia. In the peri-
neal region, extravasation may at first be restricted to
the superficial urogenital pouch by the major leaf of
Colles fascia. This fascial leaf is, however, easily pene-
trated, allowing fluid to descend into the superficial
space of the scrotal wall, beneath the dartos fascia. The
fascial arrangement also permits progression of extrava-
sation superiorly from the superficial urogenital pouch
to the space under Colles fascia of the penis. At the base
of the penis, extravasated fluid will easily extend beneath
the Scarpa fascia and track superiorly into the lower
abdomen. This is termed the “butterfly” pattern of
genital extravasation or bleeding. Extravasation can also
extend to the lower abdominal wall from the scrotum
by an additional route, along the spermatic cord canals.

Importantly, the posterior extension of extravasated
fluid into the perineum beneath Colles fascia is
restricted at the urogenital diaphragm to which Colles
fascia is firmly attached (see Plates 2-2 and 2-3). Crush
injuries to the perineum may rupture Colles fascia at
this site of attachment, in which case urine will spread
posteriorly and superiorly into the ischiorectal fossa
space and perianal areas.

Anatomically, extravasated urine in the scrotum
under Colles (dartos) fascia is still superficial to the
external spermatic fascia (oblique muscle) of the scrotal
wall. Thus, extraperitoneal or retroperitoneal rupture
of the urinary bladder can result in extravasation of
urine into the scrotum through the inguinal canals.
When this occurs, the scrotal fluid is located subcutane-
ously beneath both the internal spermatic fascia and the
external spermatic fascia, which are deep to the dartos
fascia (see Plate 2-1).

Clinical picture of urinary extravasation
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A typical case of urinary extravasation from injury to
the penile urethra is illustrated in the figure. Urine
escapes through Buck fascia to beneath Colles fascia of
the penis, where it extends inferiorly into the scrotum
and superiorly under Scarpa fascia to the lower
abdomen. Note the line of demarcation at Poupart liga-
ment, where Scarpa fascia is fixed to the fascia lata of
the thigh, limiting extension in this area (see Plate 2-2).
Normal bacterial flora of the urethra include both
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aerobic and anaerobic organisms that are usually harm-
less saprophytes. However, they may become patho-
genic when extravasated into remote tissues. In the
presence of infected urine, intense cellulitis and gangre-
nous fasciitis may develop (Fournier gangrene) in these
tissues that can progress quickly to necrosis and slough-
ing of the scrotum skin and is extremely lethal if not
treated with antibiotics, the urine diverted, and the area
surgically drained.

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

39



Plate 2-21

BALANITIS

Inflammation of the glans penis is termed balanitis.
Inflammation of the preputial skin is referred to as
balanoposthitis. Clinically, these conditions usually
coexist, with the surface of the glans and prepuce both
swollen, hyperemic, tender, and itchy. A yellow exudate
and superficial ulcers or denudation of the glans surface
are characteristic of balanoposthitis. In chronic balani-
tis, the glans epithelium becomes thickened and assumes
a whitish appearance (leukoplakia).

By far the most frequent cause of simple balanitis is
congenital or acquired phimosis (see Plate 2-17). In
infants, balanoposthitis results from retained smegma,
bacteria, and lack of hygiene associated with phimosis
and dribbling urine or moist diapers. In adults, urinary
incontinence may play an etiologic role. Seborrheic
dermatitis, most commonly seen on the scalp, can also
be found on the glans penis. Superficial fungal infec-
tions from Candida albicans are also common, especially
in diabetics. Contact allergy from latex in condoms or
ingredients in skin care products must also be consid-
ered. Balanitis circinata is a skin manifestation of Reiter
syndrome, characterized by arthritis, urethritis, and
conjunctivitis. Generalized skin conditions such as
lichen planus, psoriasis, erythema multiforme, ery-
thrasma due to Corynebacterium, and erythema fixum
are less common conditions that cause simple balanitis.
Pemphigus, a group of autoimmune blistering diseases
of the skin, and scabies usually produce distinctive
lesions on the penile shaft rather than the glans
penis. Rarely, phimosis secondary to obstruction of the
inguinal lymph nodes from cancer, edema, or elephan-
tiasis may also cause balanits. Precancerous and
cancerous lesions of the glans and prepuce are shown
in Plate 2-27.

Balanitis xerotica obliterans, also termed lichen scle-
rosis, is a progressive form of balanoposthitis that pri-
marily affects the foreskin, leading to whitening and
loss of skin color, scarring, and phimosis. Involvement
of the urethral meatus can lead to irritation, burning,
and stenosis and may require a meatoplasty in cases of
stricture. Long-term follow-up is needed to assess for
recurrence.

Genital herpes simplex virus 2, caused by a double-
stranded RINA virus, is a relatively common, venereally
transmitted, painful, itching form of balanitis. Multiple
lesions develop as small red areas upon which rounded
translucent vesicles appear, containing clear, viral-rich,
infectious fluid. After rupture of the vesicles, small
round ulcers with a reddish base remain and heal. The
infection usually recurs and is currently incurable.

Erosive balanitis may be venereal, such as due to
syphilis or chancroid, or nonvenereal in origin, such as
that due to histoplasmosis. Although unusual, anaerobic
balanoposthitis is a classic form of nonvenereal, erosive
balanitis caused by anaerobic gram-negative rods (genus
Bacteroides). It is characterized by intense inflammation
and edema of the prepuce, superficial glans ulcers, foul-
smelling discharge, and bilateral inguinal lymphade-
nopathy. Infection tends to be locally destructive with
severe tenderness and can result in tissue necrosis. The
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presence of phimosis and suboptimal hygiene appear to
be prerequisites for this condition. The infection can
be transmitted through sexual intercourse, contamina-
tion by colonized saliva, or extension from the perirec-
tal area. It generally responds to the timely use of
antibiotics and debridement if necessary.

Gangrenous balanitis, in some cases the evolution of
erosive balanoposthitis, is generally caused by the same
organisms. However, it progresses with such rapidity

that an erosive stage may be entirely absent. The ulcers
are covered by gangrenous membranes that, when
debrided, reveal deep extension of the process into the
glans and preputial tissues. The ulcer bases are uneven
yet have distinct borders surrounded by inflamed tissue.
Within a day, the foreskin and even the entire glans and
portions of the penile shaft can slough. Abscesses may
also develop that involve the scrotum and extend supe-
riorly to the abdominal wall and laterally to the thighs.
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Plate 2-22

URETHRITIS

Gonorrheal urethritis (Neisseria gonorrhoeae), initially a
sexually transmitted infection of the urethral mucosa,
becomes symptomatic after the gonococci penetrate
perimucosal tissues. Crypts and glands of the penile
urethra fill with leukocytes and organisms. Chronic
gonorrheal urethritis results from retention of gono-
cocci in the urethral glands (Littré) and their intermit-
tent discharge from these glands (carrier stage). The
incubation period of gonorrhea is 3 to 5 days. In mild
infections, the urethral discharge may be scant and
often mistaken for nonspecific urethritis. Abundant
purulent discharge and balanoposthitis (with preexist-
ing phimosis) are typical of severe infections. In severe
cases, the corpus spongiosum may become involved,
resulting in painful erections. With extension of the
infection into the posterior urethra, urinary frequency
and dysuria occur. Infection of the prostate is usually
asymptomatic, unless a prostatic abscess is present.
Gonorrhea may spread through the spermatic cord to
the vas deferens (vasitis) and epididymis, resulting in
epididymitis. Gonococcal endocarditis resulting from
septicemia has been observed historically. The diagno-
sis is confirmed with bacterial cultures or urine DNA
testing. If denudation of the epithelium in the urethra
or vas deferens occurs from treatment, urethral stric-
tures and infertility due to reproductive tract obstruc-
tion may develop. Risk factors for contracting the
infection include having multiple sexual partners, a
partner with a past history of any sexually transmitted
diseases, and unprotected sex. Antibiotics are curative.

The term nongonorrheal urethritis or nonspecific
urethritis refers to urethritis due to sexually transmitted
diseases other than gonorrhea. This form of urethritis
is more common than gonorrheal urethritis, with
approximately 89 million new cases diagnosed annually
worldwide versus 62 million new cases of gonorrhea.
The clinical presentation can be identical to that of
gonorrhea and concurrent infections with several dif-
ferent organisms can occur. Responsible organisms are
most commonly Chlamydia trachomatis, the mycoplasma
species Ureaplasma urealyticum and Mycoplasma geni-
talium, and herpes simplex type II virus. Nonspecific
urethritis, when associated with conjunctivitis and
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arthritis, is referred to as Reiter syndrome and may be
a consequence of sexually transmitted infections by
nongonorrheal organisms. Urethral strictures can
present with urethritis-like symptoms, and in rare
instances the underlying cause may be a papilloma,
polyp, or cyst of the urethra. Bacterial nongonorrheal
urethritis is routinely cured with antibiotics.
Trichomonas vaginalis is a sexually transmitted, micro-
scopic parasite that causes trichomoniasis. This is a

Trichomonas vaginalis as seen in fresh specimen
from urethral discharge

W

relatively common form of nongonorrheal urethritis
with an estimated 8 million new cases annually in the
United States. Trichomonads are usually found in the
urethral exudate or urethral urine and are recognized
microscopically by their active motility and propelling
flagella. Patients may be asymptomatic or have a slight
thin, milky white urethral discharge in the morning.
Itching, dysuria, and possibly urinary urgency may be
present. It is curable wit