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Preface to the sixth edition

This widely acclaimed Dutta's Textbook of Gynecology has stepped into its sixth edition within a span
of twenty three years. Since its predecessor, each area of gynecology has evolved substantially due to the
concurrent progress in the field of molecular biology, technology and imaging. The amount of knowledge
to acquire and skill to develop by the students, residents and clinicians are enormous. Retaining the basic
objectives of Dutta, for his textbook, this edition has been revised extensively in the light of current wealth of
information and for the need of our targeted readers. Each chapter of this book is authoritative. Consistency
and uniformity with updated information in all the chapters is a special feature of this text.

This edition has been made more user-friendly in terms of presentation of text matters, graphics, design
and use of different color codes. Color code helps to highlight the core knowledge (must-know area) and also
to present the high quality photographs, anatomical drawings, and imaging studies. The text has been enriched
with tables, diagrams, boxes, charts, and algorithms which could be reproduced easily. Key points at the end
of each chapter are for quick and easy revision. The state-of-the art in Dutta's text lies in the presentation
which is simple, lucid, clear, and concise. Above all, it provides a balanced distillation of evidence-based
information upon which a student, trainee resident, a practitioner, and a nurse can fully depend.

Chapters on basic areas (chapters 1, 2, 3, 4, 9), reproductive endocrinology (chapters 5, 6, 7, 8, 16, 28,
31, 33), menopause (chapter 6), diagnostic and imaging technologies (chapter 9), pelvic infections (chapters
10, 11, 12), oncology (chapters 22, 23, 30), urogynecology (chapters 24 and 25), contraception (chapter
29) have either been thoroughly revised or exhaustively rewritten. New topics, for example, adolescent
gynecology (chapter 32), sexual dysfunction (chapter 33), gene therapy (chapter 30) have been incorporated.
Chapters in general gynecology 17, 18, 19, 20, 21 have been extensively updated. The chapter on pelvic
organ prolapse (chapter 15) has been rewritten, based upon the latest concept of pelvic anatomy and the ‘new’
concepts of repair. Operative gynecology (chapter 34) is meant to provide the basic principles of commonly
performed gynecologic surgery so as to guide an apprentice. More emphasis has been given on case selection
(indications), principal steps of operation and the complications. The chapter on endoscopic (laparoscopic
and hysteroscopic) surgery (Chapter 35) has been rewritten, as it has gained its place to a large extent.

The chapter on practical gynecology (chapter 37) consists of several hundreds of questions along with
answers, explanations and high quality photographs and plates of imaging studies. This chapter is designed to
help the students in their preparations for the clinical and oral parts of the examination. The self-assessment
questionnaire having objective structured clinical examination (OSCE) format is to improve the clinical
competence of the students. The total information given in chapter 37 amounts to a "mini-textbook-cum-color
atlas" of gynecology.

More than 470 figures, photographs, sketches and drawings have been incorporated.

Considering the vast amount of scientific information and the progressive research, it is practically
impossible to limit the subject matter within the few pages of this book. Arrangements have been made,
through electronic media (website, e-mails) for the readers who wish to know more [highlighted in the text
'more information’; 'ask the author']. Informations regarding examination situation (theory, viva-voce and
multiple choice questions and answers, clinical examination procedures, operation video clips) have been
provided through these electronic resources (www.dcdutta.com/www.hiralalkonar.com).

My aim in this book has always been to help the students, residents, and the clinicians to remain with
updated the knowledge that has passed the test of clinical relevancy.
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The editor has many distinguished persons to thank for their efforts in updating the book. I have consulted
many outstanding teachers in the profession, a multitude of eminent authors and many current evidence-L
studies-the legacy is gratefully acknowledged. I expresses my sincere thanks to many of my esteemed
colleagues throughout the country and abroad for their valued suggestions, criticisms, and contribution of
photographs (duly acknowledged). I acknowledge sincerely the support of all the students (undergraduate
and postgraduate) of different medical institutions in this country for their opinion and criticisms that have
helped to improve the text. As before, I welcome the views of students and teachers who regularly write to
me offering their suggestions and ideas on my e-mails: h.kondr@gmail.com; h.kon@vsnl.net.

I am specially grateful to Dr K M Gun, MD, FRCOG, FRCS, Prof (Retd) for his contribution on the topic
“Amenorrhea”, Dr B N Chakravorty, MD, FRCOG, DSc, Prof (Retd), Director, Institute of Reproductive
Medicine, Kolkata, for his contribution on the topics “Reproductive endocrinology”, “Infertility”, “Intersex”,
and “Hormones in gynecology” and Dr A Mazumdar, MD, Prof and Head, Dept Radiotherapy, IPGME &
R, Kolkata, for his support in revising the chapter “Radiotherapy Chemotherapy” in gynecology. The editor
wishes to express his sincere thanks to Dr Subir Kumar Dutta, MD, Professor (Retd), Dept of Pathology and
Bacteriology, University College of Medicine, Kolkata, for the microphotographs depicted throughout the

text.

Dr A Roy, PhD, Professor (Retd), Dr (Mrs) S Ganguly, MD, RMO-Clinical tutor, Dept of Obst-Gyne and
Dr Chandrachur Konar, MBBS, deserve special appreciation for their sincere help throughout.

Iam extremely grateful to Mrs Madhusri Konar, MA, BEd, for all her insightful secretarial accomplishments
in support of the book through six editions.

Lastly, I am grateful to all who have taught me, most of all the patients and my beloved students.

I do hope this comprehensive textbook will continue to be an immense educational resource to the readers
as ever. According to the author’s desire, the book is, therefore, dedicated once again to the students of
gynecology —past and present.

Preface to the Enlarged and Revised Reprint of Sixth Edition

To keep pace with the continued research, development of technology and knowledge, Dutta's Textbook of
Gynecology has come up with an intrim revision. Many chapters have been revised and updated depending
upon the information available and the need of current clinical practice. Keeping in view the recent advances,
a new chapter, Current Topics in Gynecology has been added dealing with stem cells and therapies. Contents
and the index have been expanded for easy text reference. Information regarding different areas of examination
situation (theory, viva-voce, clinical and practical examination including video-clips) have been provided
through our electronic sources (www.dcdutta.com/www.hiralalkonar.com).

I gratefully acknowledge the help of Shri Jitendar P. Vij (Group Chairman), Mr Ankit Vij (Managing
Director) and Dr Sakshi Arora (Chief Development Editor) along with entire team of M/s Jaypee Brothers
Medical Publishers (P) Ltd, New Delhi, for their professional guidance, suggestion and support in bringing
out the enlarged and revised reprint of sixth edition.

I do hope this comprehensive textbook of Dutta’s Gynaecology will continue to be an essential educational
resource to the readers as ever.

P 13, New C.I.T Road HIRALAL KONAR
Kolkata 700 014



Preface to the first edition

Since my publication of Textbook of Obstetrics about 5 years back, I have been pressed hard by my esteemed
colleagues and the students all over the country and abroad to write a textbook on gynecology of similar style
to fill up the deficit. Initially, I was hesitant to proceed with the stupendous task but considering the fact that
a compact, comprehensive and practical-oriented fundamental book in gynecology is not available to the
undergraduates, I have decided to comply with their request.

The book has been written in a lucid language in author's own style. Extensive diagrams, photographs, and
flow-charts (schemes) have been depicted throughout the text to give clarity of the subject. Due attention has
been paid to project the fundamental principles and practice of gynecology. As such, more emphasis has been
given on medical gynecology. But for that, indications, limitations, and principles of techniques of operations
have received adequate consideration. The book is thus made invaluable not only to the medical students but
also the practising physicians and students of nursing.

The author wishes to acknowledge gratitude to his esteemed colleague Dr N Chowdhury, MBBS, DGO,
MO (Cal), for his contribution to the topic "Hormone Therapy in Gynecological practice". Dr Santosh Kr.
Paul, MBBS, DGO, MO(Cal), Prof Dept of Obst and Gyne, NRS Medical College, Calcutta, deserves full
appreciation for his contribution in a lucid way to the topic "Radiotherapy and Chemotherapy in Gynecology".
The author has much pleasure in expressing grateful thanks to Dr B N Chakrabarty, MBBS, DGO, MO(Cal),
FRCOG (Eng) and Dr K M Gun, MBBS, DGO, MO (Cal), FRCOG (Eng), FRCS (Edin), FACS (USA),
for their valued suggestions as and when required and their contribution of photographs to enrich the text.
I gratefully record my thanks to Dr Subir Kumar Dutta, MBBS, DCP, MD (Path & Bact), Prof, Dept of
Pathology and Bacteriology, University College of Medicine, Calcutta, for the microphotographs depicted
throughout the text. The author records his thanks to Dr SM Dali, Prof of Obst and Gyne and Dr Bhola Rijal,
Associate Prof of Obst and Gyne of Teaching Hospital and Dr (Mrs) Dibya S Malia, Director, Maternity
Hospital, Kathmandu, Nepal, for their contribution of few outstanding photographs to enrich the text.

The author expressed much pleasure all the time to the House Surgeons, Internees and students of Nilratan
Sircar Medical College, Calcutta, for the help they have rendered in preparation of the final drafts of the
manuscripts, check up of the proofs and compiling the index. Their help is invaluable and unforgettable and
without which the book could never have been published.

The author wishes to thank Mr Biren Das for his exhaustive number of drawings and flow-charts which
enrich the lucidity of the book. The author also thanks Mr Ranjit Sen for preparation of photographs (black
and white) depicted throughout the text. The author have much pleasure in expressing his appreciation to
Mr Bimal Bhattacharya, MSc, LLB(Cal), DSW, DHE, Lecturer, Health Education and Family Welfare,
Post-partum Unit, NRS Medical College, Calcutta, for the patience shown in dealing with correction of
manuscripts and proofs.

In preparing the textbook, the author has utilized the knowledge of number of stalwarts in his profession
and consulted many books and publications. The author wishes to express his appreciation and gratitude to
all of them including the related authors and publishers.

The author still confesses that as a teacher he has learnt a lot from the students and more so while writing
this book and as such he could not think to dedicate the book to anyone else than the students of gynecology,
past and present.

DC DUTTA
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Anatomy of the Female

Pelvic Organs

EXTERNAL GENITALIA

(SYN: VULVA, PUDENDUM)

The vulva includes mons veneris, labia majora,
labia minora, clitoris, vestibule and conventionally
the perineum. These are all visible on external
examination. It is, therefore, bounded anteriorly by
the mons veneris, laterally by the labia majora and
posteriorly by the perineum (Fig. 1.1).

MONS VENERIS (MONS PUBIS)

It is the pad of subcutaneous adipose connective tissue
lying in front of the pubis and, in the adult female, is
covered by hair.

LABIA MAJORA

The vulva is bounded on each side by the elevation
of skin and subcutaneous tissue, which form the labia
majora. They are continuous where they join medially
to form the posterior commissure in front of the anus.
The inner surface of the labia majora are hairless. The
labia majora are covered with squamous epithelium
and contain sebaceous glands, sweat glands and hair
follicles. Beneath the skin, there are dense connective
tissue and adipose tissue. The adipose tissue is richly
supplied by venous plexus, which may produce
hematoma, if injured during childbirth. The labia
majora are homologous with the scrotum in the
male. The round ligaments terminate at its anterior third.

LABIA MINORA

Labia minora are two thick folds of skin, devoid
of fat, on either side just within the labia majora.
Except in the parous women, they are only exposed
when the labia majora are separated. Anteriorly, they

are divided to enclose the clitoris and unite with
each other in front and behind the clitoris to form
the prepuce and frenulum, respectively. The lower
portion of the labia minora fuses across the midline to
form a fold of skin known as fourchette. It is usually
injured during childbirth. Between the fourchette
and the vaginal orifice is the fossa navicularis.
The labia minora do not contain hair follicle. The
folds contain connective tissues, numerous sebaceous
glands, erectile muscle fibers and numerous vessels
and nerve endings. It is homologous to the ventral
aspect of the penis.

CLITORIS

Clitoris is a small cylindrical erectile body, measuring
about 2.5 cm situated in the most anterior part of the
vulva. It consists of glans, a body and two crura. The
glans is covered by squamous epithelium and is richly
supplied with nerves. The vessels of the clitoris are
connected with the vestibular bulb and are liable to
be injured during childbirth. Clitoris is an analogue
to the penis in the male, but it differs basically in
being entirely separate from the urethra. It is attached
to the undersurface of the symphysis pubis by the
suspensory ligament.

VESTIBULE

Vestibule is a triangular space bounded anteriorly by
the clitoris, posteriorly by the fourchette and on either
side by labium minus. There are four openings into
the vestibule (Fig. 1.1).

URETHRAL OPENING

The opening is situated in the midline, just in front
of the vaginal orifice about 1-1.5 cm below the
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pubic arch. The paraurethral ducts open either on the
posterior wall of the urethral orifice or directly into
the vestibule.

VAGINAL ORIFICE AND HYMEN

The vaginal orifice lies in the posterior end of
the vestibule and is of varying size and shape. In
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Fig. 1.2: Mucous lining of Bartholin’s duct

virgins and nulliparae, the opening is closed by
the labia minora but in parous, it may be exposed.
It is incompletely closed by a septum of mucous
membrane, called hymen. The membrane varies in
shape but is usually circular or crescentic in virgins.
The hymen is usually ruptured at the consummation of
marriage. During childbirth, the hymen is extremely
lacerated and is later represented by cicatrized nodules
of varying sizes, called the carunculae myrtiformes.
On both sides, it is lined by stratified squamous
epithelium.

BARTHOLIN’S GLAND

The Bartholin’s glands are situated in the
superficial perineal pouch, close to the posterior
end of the vestibular bulb. They are pea-sized, of
about 0.5 cm and yellowish-white in color. During
sexual excitement, it secretes abundant alkaline
mucus which helps in lubrication. Contraction of
bulbocavernosus helps squeeze the secretion. The
glands are compound racemose variety and are
lined by columnar epithelium. Each gland has got
a duct which measures about 2 cm and opens into
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the vestibule, outside the hymen at the junction of
the anterior two-third and posterior one-third in the
groove between the hymen and the labium minus. The
duct is lined by columnar epithelium but near its
opening by stratified squamous epithelium (Fig.
1.2). The Bartholin’s gland corresponds to the
bulbourethral gland of male.

Vestibular Bulbs: These are bilateral elongated
masses of erectile tissues situated beneath the mucous
membrane of the vestibule. Each bulb lies on either
side of the vaginal orifice in front of the Bartholin’s
gland and is incorporated within the bulbocavernosus
muscles. They are homologous to the single bulb
of the penis and corpus spongiosum in the male.
They are likely to be injured during childbirth with
brisk hemorrhage (Fig. 1.3).

PERINEUM
The details of the anatomy of perineum are described
later in this chapter (see p. 20).
BLOOD SUPPLY OF THE VULVA

Arteries: (a) Branches of internal pudendal artery—
the chief being labial, transverse perineal, artery to

the vestibular bulb and deep and dorsal arteries to the
clitoris. (b) Branches of femoral artery—superficial
and deep pudendal.

Veins: The veins form plexuses and drain into—
(a) internal pudendal vein, (b) vesical or vaginal venous
plexus, and (c) long saphenous vein. Varicosities
during pregnancy are not uncommon and may rupture
spontaneously causing visible bleeding or hematoma
formation.

NERVE SUPPLY OF THE VULVA

The supply is through bilateral spinal somatic
nerves. Anterosuperior part is supplied by the
cutaneous branches from the ilioinguinal and genital
branch of genitofemoral nerve (L, and L,) and the
posteroinferior part by the pudendal branches from
the posterior cutaneous nerve of thigh (S, , ). Between
these two groups, the vulva is supplied by the labial
and perineal branches of the pudendal nerve (S, ,,).

INTERNAL GENITAL ORGANS

The internal genital organs in female include vagina,
uterus, fallopian tubes, and the ovaries. These organs
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are placed internally and require special instruments
for inspection.

VAGINA

The vagina is a fiboromusculomembranous sheath
communicating the uterine cavity with the exterior at
the vulva. It constitutes the excretory channel for the
uterine secretion and menstrual blood. It is the organ
of copulation and forms the birth canal of parturition.
The canal is directed upwards and backwards forming
an angle of 45° with the horizontal in erect posture.

The long axis of the vagina almost lies parallel to the
plane of the pelvic inlet and at right angles to that of
the uterus. The diameter of the canal is about 2.5 cm,
being widest in the upper part and narrowest at its
introitus. It has got enough power of distensibility as
evident during childbirth.

Walls: Vagina has got an anterior, a posterior,
and two lateral walls. The anterior and posterior
walls are apposed together but the lateral walls are
comparatively stiffer especially at its middle, as such
it looks “‘H’ shaped on transverse section. The length

Fig. 1.5: alRnal-3ig 1 350a2y 27 (KS 1Y IS LISt aKk2&lya IStl-adS Lizale2y 2F (KS LISHA0 2031-ya
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of the anterior wall is about 7 cm and that of the
posterior wall is about 9 cm (Fig. 1.4). The upper
end of vaginal is above the pelvic floor.

Fornices

The fornices are the clefts formed at the top of vagina
(vault) due to the projection of the uterine cervix
through the anterior vaginal wall, where it is blended
inseparably with its wall. There are four fornices—one
anterior, one posterior, and two lateral; the posterior
one being deeper and the anterior, most shallow one.

Relations
Anterior

The upper one-third is related with base of the bladder
and the lower two-thirds are with the urethra, the
lower half of which is firmly embedded with its wall
(Fig. 1.4).

Posterior

The upper one-third is related with the pouch of Douglas,
the middle-third with the anterior rectal wall separated
by rectovaginal septum, and the lower-third is separated
from the anal canal by the perineal body (Fig. 1.5).

Lateral walls

The upper one-third is related with the pelvic cellular
tissue at the base of broad ligament in which the
ureter and the uterine artery lie approximately 2 cm

from the lateral fornices. The middle-third is blended
with the levator ani and the lower-third is related with
the bulbocavernosus muscles, vestibular bulbs, and
Bartholin’s glands (Fig. 1.6).

Structures
Layers from within outwards are

(1) mucous coat which is lined by stratified
squamous epithelium without any secreting glands;
(2) submucous layer of loose areolar vascular tissues;
(3) muscular layer consisting of indistinct inner
circular and outer longitudinal and; (4) fibrous coat
derived from the endopelvic fascia which is tough and
highly vascular (Fig. 1.7).

Epithelium

The vaginal epithelium is under the action of sex
hormones (Fig. 1.8). At birth and up to 10-14
days, the epithelium is stratified squamous under
the influence of maternal estrogen circulating in
the newborn. Thereafter, up to prepuberty and
in postmenopause, the epithelium becomes thin,
consisting of few layers only.

From puberty till menopause, the vaginal epi-
thelium is stratified squamous and devoid of any
gland. Three distinct layers are defined—basal cells,
intermediate cells, and superficial cornified cells. The
intermediate and superficial cells contain glycogen
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under the influence of estrogen. These cells become
continuous with those covering the vaginal portion
of the cervix and extend up to the squamocolumnar
junction at the external os. The superficial cells
exfoliate constantly and more so in inflammatory
or neoplastic condition. Replacement of the super-
ficial cells occurs from the basal cells. When the
epithelium is exposed to the dry external atmosphere,
keratinization occurs. Unlike skin, it does not
contain hair follicle, sweat, and sebaceous gland.

Secretion: The vaginal secretion is very small in
amount sufficient to make the surface moist. Normally,
it may be little excess in mid-menstrual or just prior
to menstruation, during pregnancy and during sexual
excitement. The secretion is mainly derived from
the glands of the cervix, uterus, transudation of the
vaginal epithelium, and Bartholin’s glands (during
sexual excitement).
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The pH is acidic and varies during different phases
of life and menstrual cycle. Conversion of glycogen
in the exfoliated squamous cells to lactic acid by the
Doderlein’s bacilli is dependent on estrogen. As
such, the pH is more towards acidic during child-
bearing period and ranges between 4 and 5.5 with
average of 4.5. The pH is highest in upper vagina
because of contaminated cervical secretion (alkaline).
The vaginal secretion consists of tissue fluid,
epithelial debris, some leukocytes (never contains
more than an occasional pus cell), electrolytes,
proteins, and lactic acid (in a concentration of 0.75%).
Apart from Doderlein’s bacilli, it contains many
a pathogenic organism including CI. welchii. The
glycogen content is highest in the vaginal fornix to
the extent of 2.5-3 mg% and is lowest in the lower-
third being 0.6-0.9 mg%.

Doderlein’s bacillus: Itis a rod-shaped gram- positive
bacillus which grows anaerobically on acid media.
It appears in the vagina 3-4 days after birth and
disappears after 10-14 days. It appears again at puberty
and disappears after menopause. It probably comes
from the intestine. Its presence is dependent to estrogen,
and its function is to convert the glycogen present in the
vaginal mucosa into lactic acid so that the vaginal pH is
maintained towards acidic side. This acid pH prevents
growth of the other pathogenic organisms (Fig. 1.8).

Blood Supply

The arteries involved are: (1) cervicovaginal branch
of the uterine artery, (2) vaginal artery—a branch of
anterior division of internal iliac or in common origin
with the uterine, (3) middle rectal, and (4) internal
pudendal. These anastomose with one another and
form two azygos arteries—anterior and posterior.

\eins drain into internal iliac and internal pudendal
veins.
Nerve Supply: The vagina is supplied by sym-
pathetic and parasympathetic from the pelvic plexus.
The lower part is supplied by the pudendal nerve.

THE UTERUS

The uterus is a hollow pyriform muscular organ
situated in the pelvis between the bladder in front and
the rectum behind (Fig. 1.5).

Position: Its normal position is one of the anteversion
and anteflexion. The uterus usually inclines to the
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right (dextrorotation) so that the cervix is directed
to the left (levorotation) and comes in close relation
with the left ureter.

Measurements and parts: The uterus measures about
8 cm long, 5 cm wide at the fundus and its walls are
about 1.25 cm thick. Its weight varies from 50-80 g. It
has got the following parts (Fig. 1.9).

A Body or corpus A Isthmus A Cervix

Body or corpus: The body is further divided into
fundus—the part which lies above the openings of
the uterine tubes. The body properly is triangular and
lies between the openings of the tubes and the isthmus.
The superolateral angles of the body of the uterus
project outwards from the junction of the fundus and
body and are called the cornua of the uterus. The
uterine tube, round ligament, and ligament of the
ovary are attached to each cornu.

Isthmus: The isthmus is a constricted part measuring
about 0.5 cm situated between the body and the cervix.
It is limited above by the anatomical internal os and
below by the histological internal os (Aschoff). Some
consider isthmus as a part of the lower portion of the
body of the uterus.

Cervix: The cervix is the lowermost part of the
uterus. It extends from the histological internal os
and ends at external os which opens into the vagina
after perforating the anterior vaginal wall. It is almost
cylindrical in shape and measures about 2.5 cm in
length and diameter. It is divided into a supravaginal
part—the part lying above the vagina and a vaginal




8 TEXTBOOK OF GYNECOLOGY

part which lies within the vagina, each measuring
1.25 cm. In nulliparous, the vaginal part of the
cervix is conical with the external os looking circular,
whereas in parous, it is cylindrical with the external
os having bilateral slits. The slit is due to invariable
tear of the circular muscles surrounding the external
os and gives rise to anterior and posterior lips of the
Cervix.

Cavity: The cavity of the uterine body is triangular
on coronal section with the base above and the apex
below. It measures about 3.5 cm. There is no cavity
in the fundus. The cervical canal is fusiform and
measures about 2.5 cm. Thus, the normal length of the
uterine cavity including the cervical canal is usually
6-7 cm (Fig. 1.9).

Relations

Anteriorly: Above the internal os, the body forms the
posterior wall of the uterovesical pouch. Below the
internal os, it is separated from the base of the bladder
by loose areolar tissue.

Posteriorly: It is covered by peritoneum and forms
the anterior wall of the pouch of Douglas containing
coils of intestine.

Laterally: The double folds of peritoneum of the
broad ligament are attached laterally between which
the uterine artery ascends up. Attachment of the
Mackenrodt’s ligament extends from the internal os
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down to the supravaginal cervix and lateral vaginal
wall. About 1.5 cm away at the level of internal os,
a little nearer on the left side is the crossing of the
uterine artery and the ureter. The uterine artery
crosses from above and in front of the ureter, soon
before the ureter enters the ureteric tunnel (Fig. 1.10).

Structures

Body—The wall consists of 3 layers from outside
inwards:

i Perimetrium—It is the serous coat which invests
the entire organ except on the lateral borders.
The peritoneum is intimately adherent to the
underlying muscles.

D Myometrium—It consists of thick bundles of
smooth muscle fibers held by connective tissues
and are arranged in various directions. During
pregnancy, however, three distinct layers can be
identified—outer longitudinal, middle interlacing
and the inner circular.

i Endometrium—The mucous lining of the cavity
is called endometrium. As there is no submucous
layer, the endometrium is directly apposed to the
muscle coat. It consists of lamina propria and
surface epithelium. The surface epithelium is a
single layer of ciliated columnar epithelium. The
lamina propria contains stromal cells, endometrial
glands, vessels and nerves. The glands are simple
tubular and lined by mucus secreting non-ciliated
columnar epithelium which penetrate the stroma
and sometimes even enter the muscle coat. All
the components are changed during menstrual
cycles (see Ch. 8). The endometrium is changed
to decidua during pregnancy.

CERVIX: The cervix is composed mainly of fibrous
connective tissues. The smooth muscle fibers average
10-15%. Only the posterior surface has got peritoneal
coat (see Fig. 1.5).

Epithelial Lining of the cervix

Endocervical canal and glands

There is a median ridge on both the anterior and
posterior surface of the canal from which transverse
folds radiate. This arrangement is called arbor
vitae uteri. The canal is lined by single layer of tall
columnar epithelium with basal nuclei. Those placed
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over the top of the folds are ciliated. There are
patches of cubical basal or reserve cells underneath
the columnar epithelium. These cells may undergo
squamous metaplasia or may replace the superficial
cells (see p. 321).

The glands which dip into the stroma are of
complex racemose type and are lined by secretory
columnar epithelium. There is no stroma unlike
the corpus and the lining epithelium rests on a thin
basement membrane. The change in the epithelium
and the glands during menstrual cycle and pregnancy
are not so much as those in the endometrium.

Portio vaginalis

It is covered by stratified squamous epithelium and
extends right up to the external os where there is
abrupt change to columnar type.

The transitional zone (transformation zone)
may be of 1-10 mm width with variable histological
features. The zone consists of endocervical stroma
and glands covered by squamous epithelium. The
zone is not static but changes with hormone level
of estrogen. The site is constantly irritated not only
by hormones but also by infection and trauma. Thus,
there is more chance of severe dysplasia, carcinoma
in situ or even invasive carcinoma at this zone (Fig.
1.11) (see p. 322).

Secretion: The endometrial secretion is scanty and
watery. The physical and chemical properties of
the cervical secretion change with menstrual cycles
and with pregnancy. The cervical glands secrete an
alkaline mucus with pH 7.8. The mucus is rich in
fructose, glycoprotein and mucopolysaccharides.
It also contains sodium chloride. The fructose has
got nutritive function to the spermatozoa. Under
estrogenic stimulation, glycoprotein network is
arranged parallel to each other thus facilitating sperm
ascent. Progesterone produces interlacing bridges
thereby preventing sperm penetration. Cervical
mucus contributes significantly to the normal vaginal
discharge. A part forms the mucus plug which
functionally closes the cervical canal and has got
bacteriolytic property.

Pelvic peritoneum in relation to the uterus
This is described later in the chapter.

Blood Supply

Arterial supply: The arterial supply is from the
uterine artery—one on each side. The artery arises
directly from the anterior division of the internal iliac
or in common with superior vesical artery. The other
sources are ovarian and vaginal arteries to which
the uterine arteries anastomose. The uterine artery
crosses the ureter anteriorly about 1.5 cm away
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at the level of internal os before it ascends up along
the lateral border of the uterus in between the leaves
of broad ligament. The internal supply of the uterus
is shown in Figure 2.1.

Veins: The venous channels correspond to the arterial
course and drain into internal iliac veins.

Nerve Supply

The nerve supply of the uterus is derived principally
from the sympathetic system and partly from the
parasympathetic system. Sympathetic components
are from T, and T, (motor) and T, to L, spinal
segments (sensory). The somatic distribution of
uterine pain is that area of the abdomen supplied by
T,,to L,. The parasympathetic system is represented
on either side by the pelvic nerve which consists of
both motor and sensory fibers fromS,, S, S, and ends
in the ganglia of Frankenhauser which lies on either
sides of the cervix.

The cervix is insensitive to touch, heat and also
when it is grasped by any instrument. The uterus, too
is insensitive to handling and even to incision over
its wall.

Changes of Uterus with Age

At birth, the uterus lies in the false pelvis; the cervix
is much longer than the body. In childhood, the
proportion is maintained but reduced to 2:1. At
puberty, the body is growing faster under the action
of ovarian steroids (estrogens) and the proportion is

reversed to 1:2 and following childbirth, it becomes
even 1:3. After menopause the uterus atrophies; the
overall length is reduced; the walls become thinner,
less muscular but more fibrous (Fig. 5.1).

Position of the Uterus

The normal position of the uterus is anteversion and
anteflexion. Anteversion relates the long axis of the
cervix to the long axis of vagina which is about 90°.
Anteflexion relates the long axis of the body to the
long axis of the cervix and is about 120°. In about
15-20%, normally the uterus remains in retroverted
position. In erect posture, the internal os lies on the
upper border of the symphysis pubis and the external
os lies at the level of ischial spines.

FALLOPIAN TUBE (sYN: UTERINE TUBE)

The uterine tubes are paired structures, measuring
about 10 cm (4") and are situated in the medial three-
fourth of the upper free margin of the broad ligaments.
Each tube has got two openings, one communicating
with the lateral angle of the uterine cavity, called
uterine opening and measures 1 mm in diameter, the
other is on the lateral end of the tube, called pelvic
opening or abdominal ostium and measures about 2
mm in diameter (Fig. 1.12).

Parts: There are four parts, from medial to lateral,
they are—(1) intramural or interstitial lying in the
uterine wall and measures 1.25 cm (1/2") in length
and 1 mm in diameter; (2) isthmus almost straight and
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measures about 2.5 cm (1") in length and 2.5 mm in
diameter; (3) ampulla—tortuous part and measures
about 5 cm (2") in length which ends in wide;
(4) infundibulum measuring about 1.25 cm (1/2") long
with a maximum diameter of 6 mm. The abdominal
ostium is surrounded by a number of radiating
fimbriae, one of these is longer than the rest and is
attached to the outer pole of the ovary called ovarian
fimbria (Fig. 1.13).

Structures—It consists of 3 layers:

1. Serous—consists of peritoneum on all sides except
along the line of attachment of mesosalpinx.

2. Muscular—arranged in two layers—outer
longitudinal and inner circular.

3. Mucous membrane is thrown into longitudinal folds.
Itis lined by columnar epithelium, partly ciliated,
others secretory nonciliated and ‘Peg cells’. The
epithelium rests on delicate vascular reticulum of
connective tissue. There is no submucous layer nor
any glands. Changes occur in the tubal epithelium
during menstrual cycle but are less pronounced and
there is no shedding (Fig. 1.13).

Functions: The important functions of the tubes are—
(1) transport of gametes, (2) to facilitate fertilization,
and (3) survival of zygote through its secretion.

Blood supply: Arterial supply is from the uterine and
ovarian. Venous drainage is through the pampiniform
plexus into the ovarian veins.

Nerve supply: The nerve supply is derived from the
uterine and ovarian nerves. The tube is very much
sensitive to handling.

THE OVARY

The ovaries are paired sex glands or gonads in female
which are concerned with:

i. Germ cell maturation, storage and its release.

ii. Steroidogenesis.

Each gland is oval in shape and pinkish grey
in color and the surface is scarred during repro-
ductive period. It measures about 3 cm in length,
2 cm in breadth and 1 cm in thickness. Each ovary
presents two ends—tubal and uterine, two borders—
mesovarium and free posterior and two surfaces—
medial and lateral.

The ovaries are intraperitoneal structures. In
nulliparae, the ovary lies in the ovarian fossa on
the lateral pelvic wall. The ovary is attached to
the posterior layer of the broad ligament by the
mesovarium, to the lateral pelvic wall by infun-
dibulopelvic ligament and to the uterus by the ovarian
ligament.

Relations: Mesovarium or anterior border—Afold
of peritoneum from the posterior leaf of the broad
ligament is attached to the anterior border through
which the ovarian vessels and nerves enter the hilum
of the gland. Posterior border is free and is related
with tubal ampulla. It is separated by the peritoneum
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from the ureter and the internal iliac artery. Medial
surface is related to fimbrial part of the tube. Lateral
surface is in contact with the ovarian fossa on the
lateral pelvic wall.

The ovarian fossa is related superiorly to the
external iliac vein, posteriorly to ureter and internal
iliac vessels and laterally to the peritoneum separat-
ing the obturator vessels and nerves (Fig. 1.14).

Structures: The ovary is covered by a single layer
of cubical cell known as germinal epithelium. It is a
misnomer as germ cells are not derived from this layer.
The substance of the gland consists of outer cortex and
inner medulla (Fig. 1.15).

Cortex: It consists of stromal cells which are
thickened beneath the germinal epithelium to form
tunica albuginea. During reproductive period (i.e.
from puberty to menopause), the cortex is studded
with numerous follicular structures, called the
functional units of the ovary in various phases of
their development. These are related to sex hormone
production and ovulation. The structures include
primordial follicles, maturing follicles, Graafian

follicles and corpus luteum. Atresia of the structures
results in formation of atretic follicles or corpus
albicans (Fig. 1.15). The structural changes during
ovular cycle are described in the Chapter 8 (see p. 84).

Medulla: It consists of loose connective tissues, few
unstriped muscles, blood vessels and nerves. There
are small collection of cells called “hilus cells”
which are homologous to the interstitial cells of
the testes.

Blood Supply

Arterial supply is from the ovarian artery, a branch
of the abdominal aorta.

Venous drainage is through pampiniform plexus, to
form the ovarian veins which drain into inferior vena
cava on the right side and left renal vein on the left
side. Part of the venous blood from the placental site
drains into the ovarian and thus may become the site
of thrombophlebitis in puerperium.

Nerve Supply: Sympathetic supply comes down
along the ovarian artery from T,  segment. Ovaries
are sensitive to manual squeezing.
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FEMALE URETHRA

The female urethra extends from the neck of the
bladder to the external urethral meatus. It measures
about 4 cm and has a diameter of about 6 mm.

The bladder base forms an angle with the posterior
wall of the urethra called posterior urethrovesical
angle (PUV) which normally measures 100°. The
urethra runs downwards and forwards in close
proximity of the anterior vaginal wall. About 1 cm
from the lower end, it pierces the triangular ligament.
It ultimately opens into the vestibule about 2.5 cm
below the clitoris.

Relations

Posteriorly: It is related to the anterior vaginal wall
to which it is loosely separated in the upper two-third
but firmly adherent in the lower-third.

Anteriorly: It is related to the posterior aspect of
symphysis pubis. The upper two-third is separated by
loose areolar tissue; the lower one-third is attached on
each side of the pubic rami by fibrous tissue called—
pubourethral ligament.

Laterally
i. As it passes through the triangular ligament, it is
surrounded by compressor urethra.

ii. Whether the medial fibers of puborectalis get
attached to the urethra while passing by its sides
to get attached to lateral vaginal walls is debatable.

iii. Bulbocavernosus and vestibular bulb.

Glands: Numerous tubular glands called paraurethral
glands open into the lumen through ducts. Of these,
two are longer and called Skene’s ducts which open
either on the posterior wall just inside the external
meatus or into the vestibule. Skene’s glands are
homologous to the prostate in the male.

Sphincters: The following are the sphincters:

1. At the urethrovesical junction, there is intricate
decussation of the involuntary muscles. This
has the effect of forming anterior and posterior
slings which function as an involuntary internal
sphincter. This is the lissosphincter. When the
detrusor muscle actively contracts, the slings relax
— funneling of the bladder neck — urine pows
into the urethra (Fig. 1.16).

2. The wall of the urethra is composed of invo-
luntary muscles and the ybers are arranged in the
form of crossed spirals. The ybers are continuous
with those of the bladder detrusor. The tone and
elasticity of these muscles keep it close except
during micturition.
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3. Sphincter urethra in the urogenital diaphragm.
This sphincter allows the voluntary arrest of urine
pow.

Although debatable, puborectalis part of levator
ani which surrounds the lower-third of the urethra
acts as an external sphincter.

Superycial perineal muscles, bulbocavernosus
and ischiocavernosus form an accessory external
sphincter.

Structures: Mucous membrane is lined by transitional
epithelium except at the external urethral meatus where
it becomes stratified squamous. Submucous coat is
vascular. Muscle coat is composed of involuntary
muscles and the fibers are arranged in the form of
crossed spirals.

4.

Blood Supply

Arterial supply: Proximal part is supplied by the
inferior vesical branch and the distal part by a branch
of internal pudendal artery.

The veins drain into vesical plexus and into internal
pudendal veins.

Lymphatics (see p. 31).

Nerves: The urethra is supplied by the pudendal
nerve.

Development: The urethra is developed from the
vesicourethral portion of the cloaca.

Applied Anatomy

(i) Because of shortness and its close proximity to
the vagina and anus, the infection is likely which
commonly spreads upwards to involve the bladder.
(ii) Because of close proximity of the anterior vaginal
wall, the urethra may be injured during the process
of childbirth. (iii) The paraurethral glands are the sites
of infection and occasional development of benign
adenoma or malignant changes.

THE URINARY BLADDER

The bladder is a hollow muscular organ with
considerable power of distension. Its capacity is
about 450 mL (15 oz) but can retain as much as 3-4
liters of urine. When distended, it is ovoid in shape.
It has got: (1) an apex, (2) superior surface, (3) base,
(4) two inferolateral surfaces and (5) neck, which is
continuous with the urethra. The base and the neck
remain fixed even when the bladder is distended.

Relations: The superior surface is related with the
peritoneum of the uterovesical pouch (Fig. 1.5). The
base is related with the supravaginal cervix and the
anterior fornix. The ureters, after crossing the pelvic
floor at the sides of the cervix, enter the bladder on its
lateral angles. In the interior of bladder, the triangular
area marked by three openings—two ureteric and
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one urethral, is called the trigone. The inferolateral
surfaces are related with the space of Retzius.
The neck rests on the superior layer of the urogenital
diaphragm.

Structures : From outside inwards—

1. Outer visceral layer of the pelvic fascia.

2. Muscle layer composed of muscles running in
various directions. Near the internal urethral
opening, the circular muscle fibers provide
involuntary sphincter.

3. Mucous coat is lined by transitional epithelium
with no gland. There is no submucous coat.

Blood Supply:

The arterial supply is through superior and inferior
vesical arteries. The veins drain into vesical and
vaginal plexus and thence to internal iliac veins.

Lymphatics: Lymphatics drain into external and
internal iliac lymph nodes.

Nerve supply:

The sympathetic supply is from the pelvic plexus
and the parasympathetic via the pelvic plexus from
the nervi erigentes (S, ;). The parasympathetic
produces contraction of the detrusor muscles
and relaxation of the internal sphincter (nerve of
evacuation). Sympathetic conveys afferent painful
stimuli of overdistension.

Development: The urinary bladder is developed
from the upper part of the urogenital sinus.

PELVIC URETER

The pelvic ureter extends from its crossing over the
pelvic brim up to its opening into the bladder. It
measures about 13 cm in length and has a diameter
of 5 mm.

Course and Relations

The ureter enters the pelvis in front of the bifurcation
of the common iliac artery over the sacroiliac joint
behind the root of the mesentery on the right side
and the apex of the mesosigmoid on the left side. As
it courses downwards in contact with the peritoneum,
it lies anterior to the internal iliac artery and behind

the ovary and forms the posterior boundary of ovarian
fossa (see Fig. 1.14). On reaching the ischial spine,
it lies over the pelvic floor and as it courses forwards
and medially on the base of the broad ligament, it is
crossed by the uterine artery anteriorly (Fig. 1.10).
Soon, it enters into the ureteric tunnel and lies close
to the supravaginal part of the cervix, about 1.5 cm
lateral to it. After traversing a short distance on the
anterior fornix of the vagina, it courses into the wall
of the bladder obliquely for about 2 cm by piercing
the lateral angle before it opens into the base of the
trigone. In the pelvic portion, the ureter is compa-
ratively constricted:

a. Where it crosses the pelvic brim.
b. Where crossed by the uterine artery.
c. Inthe intravesical part.

Structures: From outside inwards—(1) Fibers
derived from the visceral layer of the pelvic fascia.
(2) Muscle coat consisting of three layers—outer
and inner longitudinal and intermediate circular. (3)
Mucous layer lined by transitional epithelium.

Blood supply: The ureter has got segmental supply
from nearly all the visceral branches of the anterior
division of the internal iliac artery. The venous
drainage corresponds to the arteries (uterine, vaginal,
vesical, middle rectal, and superior gluteal).
Lymphatics: The lymphatics from the lower part
drain into the external and internal iliac lymph nodes
and the upper part into the lumbar lymph nodes.

Nerve supply: Sympathetic supply is from the
hypogastric and pelvic plexus; parasympathetic from
the sacral plexus.

Development: The ureter is developed as an ureteric
bud from the caudal end of the mesonephric duct.

Applied Anatomy

The ureter is recognized by the following features:
i. Pale glistening appearance.

ii. Longitudinal vessels on the surface.

iii. Peristalsis.
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Applied Anatomy  Contd..

The ureter is likely to be damaged during pelvic
surgery (see p. 425).

Abdominal hysterectomy: The common sites of
ureteric injury are—(i) infundibulopelvic ligament;
(ii) by the side of the cervix (clamping the cardinal
ligament along with descending cervical artery);
(iiif) vaginal angle as the ureter traverses along the
anterior fornix; (iv) during pelvic peritonization
(ureter lies in the posterior leaf of the peritoneum).
The chances of injury are more in cases of endo-
metriosis, pelvic inflammation or broad ligament
tumor. Injury is more common during reclamping
than primary clamping.

Radical hysterectomy: Direct injury is not common.
Sloughing necrosis may occur due to stripping
the ureter off the peritoneum — devitalization —
sloughing.

RECTUM

The rectum commences at the level of the third piece
of the sacrum in continuation of pelvic colon and
ends in anal canal. It measures 12-15 cm. The rectum
follows the curve of the sacrum. It curves twice to
the left and once to the right before it passes down to
continue as anal canal.

Peritoneal coverings: Rectum is covered anteriorly
and laterally in its upper-third, only anteriorly in the
middle-third. Whole of the posterior surface and the
entire lower-third remain uncovered.

Relations
Anteriorly:

i. The part of the rectum covered by peritoneum
is related to the posterior wall of the pouch of
Douglas.

ii. The ampulla is related to the posterior vaginal
wall separated by rectovaginal septum.

iii. The lower part is related to the perineal body.

Posteriorly: Rectum is related to the sacrum and
coccyx from which intervened by loose areolar tissue,
sacral nerve trunks and middle sacral vessels.

Laterally: Rectum is related to uterosacral ligament,
pelvic plexus of nerves and ureter. Near the anorectal

junction, it is related to puborectalis part of levator ani.
Below the muscle, it is related to ischiorectal fossa.

Structures

Rectum is surrounded by rectal fascia. Muscle coat
consists of outer longitudinal and inner circular fibers.
Submucous layer is loose and contains venous plexuses.
Mucous membrane is lined by columnar epithelium.

ANAL CANAL

The anal canal measures about 2.5 cm. It is directed
backwards almost at right angles to the ampulla and at
the site of insertion of puborectalis part of levator ani. It
ends at the anal orifice. At the junction of the upper two-
third and lower one-third is the white line (Hilton’s line).

Relations: Anteriorly, it is related to perineal body
and posteriorly to the anococcygeal body.

Anal Sphincters

The anal canal has got two sphincters:

0i Involuntary internal sphincter is formed by
thickening of circular layer of the upper two-third
of the anal canal.

i Voluntary sphincter ani externus which surrounds
the entire length of the canal, consists of three
parts:

1. Subcutaneous part—It is attached to the skin.

2. Superycial part—It starts from the perineal
body and is inserted posteriorly to the tip of
the coccyx.

3. Deep part—It is separated from the sphincter
ani internus by levator ani (Fig. 1.17).

Lining Epithelium

The upper two-third is lined by columnar epithelium
but the lower-third with stratified squamous
epithelium.

Blood Supply of Rectum and Anal Canal
Arterial supply is from:
i. Superior rectal—branch of inferior mesenteric
artery.
ii. Middle rectal—branch of internal iliac artery.
iii. Inferior rectal—branch of the internal iliac artery.
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Venous drainage

The rectum and upper-third of the anal canal drain
via superior rectal veins to portal circulation. The
lower-third of the anal canal drains on both sides
into inferior rectal veins (systemic system).

Lymphatics of Rectum and Anal Canal

The lymphatics from the rectum and upper-third of
the anal canal drain into internal iliac and preaortic
nodes, while the lower-third of the anal canal drains
into the superficial inguinal nodes.

Nerve Supply of Rectum and Anal Canal

The rectum and the upper two-third of the anal canal
are supplied by autonomic through pelvic plexuses.
The lower-third of the anal canal is supplied by
inferior hemorrhoidal nerve.

Development of Rectum and Anal Canal

The rectum and the upper two-third of the anal
canal are developed from the dorsal part of cloaca
(endoderm). The lower one-third of the anal canal is
developed from the anal pit (ectoderm).

PELVIC MUSCLES

The most important muscle supporting the pelvic
organs is the levator ani which forms the pelvic floor.
The small muscles of the perineum also have got some
contribution in the support.

PELVIC FLOOR
(SYN: PELVIC DIAPHRAGM)

Pelvic floor is a muscular partition which separates
the pelvic cavity from the anatomical perineum. It
consists of three sets of muscles on either side—
pubococcygeus, iliococcygeus and ischiococcygeus.
These are collectively called levator ani. Its upper
surface is concave and slopes downwards, backwards
and medially and is covered by parietal layer of pelvic
fascia. The inferior surface is convex and is covered
by anal fascia. The muscle with the covering fascia is
called the pelvic diaphragm. Levator ani is a strong
and fatigue resistant striated muscle. It is slug like
a hammock around the midline pelvic effluents —
(urethra, vagina and anal canal: Fig. 1.18).

Origin
Each levator ani arises from the back of the pubic
rami, from the condensed fascia covering the obturator

internus (white line) and from the inner surface of the
ischial spine.

Insertion

The pubococcygeus—The fibers pass backwards and
medially and are inserted as follows : (a) The posterior
fibers are inserted into the anococcygeal raphe and tip
of the coccyx. (b) Puborectalis—these fibers wind
round the anorectal junction and are continuous with the
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similar fibers of the opposite side forming a ‘U’ shaped
loop known as Puborectal sling. (c) Puboanalis—these
fibers run between the sphincter and externus and
internus and are inserted in the wall of the anal canal
along the longitudinal fibers. (d) Pubovaginalis—
these anterior fibers pass by the side of vagina and are
inserted into the perineal body (Fig. 1.18).

Coccygeus (Ischiococcygeus) is triangular in shape.
It arises from the apex of the ischial spine and the
sacrospinous ligament and is inserted by its base into
the sides of the upper two pieces of the coccyx and
the last piece of sacrum (Fig. 1.18).

Anococcygeal raphe also known as levator plate, is
a layered musculofibrous tissue. It extends from the
anorectal junction to the tip of the coccyx. It com-
prises from above downwards: (i) presacral fascia,
(ii) tendinous plate of pubococcygeus, (iii) muscular
raphe of iliococcygeus and (iv) superficial fibers of
sphincter ani externus muscles (Fig. 1.18).

Gaps: There are two gaps in the midline—(1) The
anterior one is called hiatus urogenitalis which
is bridged by the muscles and fascia of urogenital
triangle and pierced by the urethra and vagina. (2) The
posterior one is called hiatus rectalis, transmitting
the rectum.

Structure in Relation to Pelvic Floor
The superior surface is related with the following:

1. Pelvic organs from anterior to posterior are
bladder, vagina and rectum.

2. Pelvic cellular tissues between the pelvic peri-
toneum and upper surface of the levator ani which
yll all the available spaces.

3. Ureter lies on the poor in relation to the lateral
vaginal fornix. The uterine artery lies above and
the vaginal artery lies below it.

4. Pelvic nerves.

The inferior surface is related to the anatomical
perineum.
Nerve supply: The muscle is supplied by the 3rd and
4th sacral nerve, inferior rectal nerve and a perineal

branch of pudendal nerve (S, ,).

Functions

1. To support the pelvic organs (Table 1.1)—The
pubovaginalis which forms a ‘U’ shaped sling,
supports the vagina which in turn supports
the other pelvic organs—bladder and uterus.
Weakness or tear of this sling during parturition is
responsible for prolapse of the organs concerned.
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2. Counteracts the downward thrust of increased
intra-abdominal pressure and guards the hiatus
urogenitalis.

3. Facilitates anterior internal rotation of the
presenting part when it presses on the (puborectal
sling) pelvic poor.

4. Puborectalis plays an ancillary role to the action
of the external anal sphincter.

5. Ischiococcygeus helps to stabilize the sacroiliac
and sacrococcygeal joints.

6. To steady the perineal body.

Pelvic Floor during Pregnancy and Parturition

During pregnancy, levator muscles hypertrophy,
become less rigid and more distensible. Due to water
retention, it swells up and sags down. In the second
stage, the pubovaginalis and puborectalis relax and the
levator ani is drawn up over the advancing presenting
part in the second stage. Failure of the levator ani to
relax at the crucial moment may lead to extensive
damage of the pelvic structures. The effect of such a
displacement is to elongate the birth canal, which is

composed solely of soft parts below the bony outlet.
The soft canal has got deep lateral and posterior walls
and its axis is in continuation with the axis of the
bony pelvis.

PERINEUM

ANATOMICAL PERINEUM

Anatomically, the perineum is bounded above by
the inferior surface of the pelvic floor, below by the
skin between the buttocks and thighs. Laterally, it is
bounded by the ischiopubic rami, ischial tuberosities
and sacrotuberous ligaments and posteriorly, by
the coccyx. The diamond-shaped space of the bony
pelvic outlet is divided into two triangular spaces
with the common base formed by the free border of
the urogenital diaphragm. The anterior triangle is
called the urogenital triangle which fills up the gap
of the hiatus urogenitalis and is important from the
obstetric point of view. The posterior one is called
the anal triangle.
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Urogenital Triangle

It is pierced by the terminal part of the vagina and
the urethra. The small perineal muscles are situated
in two compartments formed by the ill-defined
fascia. The compartments are superficial and deep
perineal pouch. The superficial pouch is formed
by the deep layer of the superficial perineal fascia
(Colles fascia) and inferior layer of the urogenital
diaphragm (perineal membrane). The contents are
(Figs 1.3 and 1.19) superficial transverse perinei
(paired), bulbocavernosus covering the bulb of the
vestibule, ischiocavernosus (paired) covering the crura
of the clitoris and the Bartholin’s gland (paired). The
deep perineal pouch is formed by the inferior and
superior layer of the urogenital diaphragm—together
called urogenital diaphragm or triangular ligament.
Between the layers, there is a potential space of about
1.25 cm. The contents are the following muscles—
deep transverse perinei (paired) and sphincter urethrae
membranaceae. Both the pouches contain vessels and
nerves (Fig. 1.19).

Anal Triangle

The triangle has got no obstetric importance. It
contains the terminal part of the anal canal with
sphincter ani externus, anococcygeal body, ischio-
rectal fossa, blood vessels, nerves, and lymphatics.

OBSTETRICAL PERINEUM
(SYN: PERINEAL BODY, CENTRAL POINT OF PERINEUM)

The pyramidal-shaped tissue where the pelvic floor
and the perineal muscles and fascia meet in between
the vaginal and the anal canal is called the obstetrical
perineum. It measures about 4 cm x 4 cm (1 12") with
the (see Fig. 15.5A) base covered by the perineal skin
and the apex is pointed and is continuous with the
rectovaginal septum.

The musculofascial structures involved are:

D Fascia—(1) Two layers of superficial perineal
fascia—superficial fatty layer and deeper layer
called Colles fascia. (2) Inferior and superior
layers of urogenital diaphragm, together called
triangular ligament.

Di Muscles—(1) Superficial and deep transverse
perinei (paired). (2) Bulbospongiosus. (3) Levator

ani—pubococcygeus part (paired) situated at the
junction of the upper two-third and lower one-
third of the vagina. (4) Sphincter ani externus
(few fibers).

Importance

1. It helps support the levator ani which is placed
above it.

2. By supporting the posterior vaginal wall, it
indirectly supports the anterior vaginal wall,
bladder and the uterus.

3. Itis vulnerable to injury during childbirth.

4. Deliberate cutting of the structures during delivery
is called episiotomy.

PELVIC PERITONEUM

Traced anteriorly, the peritoneum covering the
superior surface of the bladder reflects over the
anterior surface of the uterus at the level of the internal
0s. The pouch, so formed, is called uterovesical
pouch. The peritoneum, thereafter, is firmly attached
to the anterior and posterior walls of the uterus and
upper one-third of the posterior vaginal wall where
from it is reflected over the rectum. The pouch, so
formed, is called pouch of Douglas (Fig. 1.6).

POUCH OF DOUGLAS

This is a narrow peritoneal cul-de-sac in the pelvis
situated in the rectouterine space. It is continuous with
the pararectal fossa of either side.

Anteriorly, it is bounded by the peritoneal covering
of the cervix, posterior vaginal fornix and upper-third
of the posterior vaginal wall.

Posteriorly, it is bounded by the peritoneal covering
on the anterior surface of the rectum.

Laterally, it is limited by the uterosacral folds of
peritoneum covering the uterosacral ligaments.

The floor is formed by the reflection of the anterior
peritoneum onto the anterior surface of the rectum. It is
about 6-7 cm above the anal orifice. Below the floor,
there is a thin fibrous tissue septum (rectovaginal).

Contents: [t may remain empty but may contain coils
of intestine or omentum.
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Surgical Importance

Di Asitisthe most dependent part of the peritoneal
cavity, intraperitoneal blood or pus usually settles
down to the pouch to produce either pelvic
hematocele or pelvic abscess.

DI Herniation of the pouch through the posterior
fornix may occur producing the clinical entity of
enterocele.

Di Vaginal ligation is done through opening the
pouch.

Di Culdoscopy, culdocentesis or at time pneum-
operitoneum may be done through the pouch.

D Nodules deposited in the pouch can help in
the clinical diagnosis of pelvic malignancy,
endometriosis or genital tuberculosis.

BROAD LIGAMENT

The double fold of peritoneum which extends from the
lateral border of the uterus to the lateral pelvic wall of
pelvis is called broad ligament. These are two, one on
each side. These, truly are not ligaments (Fig. 1.12).

Each broad ligament consists of two layers,
anterior and posterior. The layers are continuous at
its upper free border embracing the Fallopian tube.
The lower part of the broad ligament is wider from
before backwards and the layers are reflected above
the pelvic diaphragm. The anterior leaf is reflected
forwards at the level of the internal os as uterovesical
pouch. The posterior leaf descends a little down to
cover the upper-third of the posterior vaginal wall
to form the posterior layer of the pouch of Douglas.

PARTS OF BROAD LIGAMENT

Infundibulopelvic Ligament (Syn: Suspensory
ligament of the ovary): It includes the portion of the
broad ligament which extends from the infundibulum
of the Fallopian tube to the lateral pelvic wall. It
contains ovarian vessels and nerves and lymphatics
from the ovary, Fallopian tube and body of the uterus.

Mesovarium: The ovary is attached to the posterior
layer of the broad ligament by a fold of peritoneum
called mesovarium (ovarian mesentery). Through this
fold, ovarian vessels, nerves and lymphatics enter and
leave the hilum. The ovary is not enclosed within the
broad ligament (Fig. 1.10).

Mesosalpinx: The part of the broad ligament between
the fallopian tube and the level of attachment of the
ovary is the mesosalpinx. It contains utero-ovarian
anastomotic vessels and vestigial remnants (Fig. 1.12).

Mesometrium: The part of the broad ligament
below the mesosalpinx is called mesometrium. It is
the longest portion which is related with the lateral
border of the uterus.

CONTENTS

Each broad ligament contains:

i Fallopian tube.

DI Uterine and ovarian arteries with their branches,
including the anastomotic branches between them
and corresponding veins.

Di  Nervesand lymphatics from the uterus, Fallopian
tube and ovary.

i Proximal part of the round ligament which raises
a peritoneal fold on the anterior leaf.

Di Ovarian ligament which raises a peritoneal fold
on the posterior leaf.

i Parametrium containing loose areolar tissue and
fat. The terminal part of the ureter, uterine artery,
paracervical nerve and lymphatic plexus are lying
at the base of the broad ligament.

DI Vestigial structures, such as duct of Gartner,
epoophoron, and paroophoron.

DEVELOPMENT

The broad transverse fold which is established as the
two Mallerian ducts approach each other is developed
into broad ligament.

FUNCTION

Along with the loose areolar tissue (packing material),
it has got steadying effect to maintain the uterus in
position.

PELVIC FASCIA AND CELLULARTISSUE

PELVIC FASCIA

For descriptive purpose, the pelvic fascia is grouped
under the heading that covers the pelvic wall, the
pelvic floor and the pelvic viscera.
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Fascia on the Pelvic Wall

The fascia is very tough and membranous. It covers
the obturator internus and pyriformis and gets attached
to the margins of the bone. The pelvic nerves lie
external to the fascia but the vessels lie internal to it.

Fascia on the Pelvic Floor

The fascia is not tough but loose. The superior and the
inferior surfaces are covered by the parietal layer of
the pelvic fascia which runs down from the white line
to merge with the visceral layer of the pelvic fascia
covering the anal canal (Fig. 1.19).

Fascia Covering the Pelvic Viscera

The fascia is not condensed and often contains loose
areolar tissue to allow distension of the organs.

PELVIC CELLULARTISSUE

The cellular tissue lies between the pelvic peritoneum
and the pelvic floor, and fills up all the available
empty spaces. It contains fatty and connective
tissues and unstriped muscle fibers. Collectively,
it is known as endopelvic fascia. Its distribution
round the vaginal vault, supravaginal part of the
cervix and into the layers of the broad ligament is

called parametrium. Condensation occurs especially
near the cervicovaginal junction to form ligaments,
which extend from the viscera to the pelvic walls
on either side. The deep endopelvic connective
tissue condenses to form (i) Uterosacral ligaments.
(i) Cardinal ligaments. (iii) Pubocervical ligament.
(iv) Rectovaginal septum. (v) Pubovesical fascia.

MACKENRODT’S LIGAMENTS
(SYN: CARDINAL LIGAMENT, TRANSVERSE CERVICAL)

Origin: Condensation of parietal fascia covering the
obturator internus.

Insertion: Lateral supravaginal cervix and upper
part of lateral vaginal wall in a fan-shaped manner.
This insertion is continuous with the endopelvic and
paricervical fascial ring (see Fig. 15.6).

Content: Uterosacral plexus of autonomic nerves,
uterine artery and vein, smooth muscle fiber. Distal
part of ureter passes under the uterine artery
within the upper part of the cardinal ligament. It
is situated inferior to the uterosacral ligament with
which it is blended (Fig. 1.20).

Function: (i) Lateral stabilization to the cervix at the
level of ischial spine. (ii) Primary vascular conduits
of the uterus and vagina.
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UTEROSACRAL LIGAMENTS

Origin: Periosteum of sacral vertebra 2, 3 and 4.

Insertion: Posterolateral surface of the cervix at the
level of internal os. Here it blends with the endopelvic
fascial ring. These are formed by condensation of
peritoneum.

Content: Uterosacral plexus of autonomic nerves.
Smooth muscle and minimal vessels.

Function: These are the primary proximal suspensory
ligaments of the uterovaginal complex. They hold the
cervix posteriorly at the level of the ischial spines.
Uterus is thus maintained anteflexed and the vagina
is suspended over the levator plate.

PUBOCERVICAL FASCIA
(BLADDER PILLAR)

Origin: Back of the pubic bone and the arcus
tendinous fascia laterally.

Insertion: Anterolateral supravaginal cervix and
blends with the pericervical ring of endopelvic fascia
and the cardinal ligaments.

Content: Artery and veins of the bladder pillar.

Function: These ligaments are poorly developed.
They serve mainly as vascular conduit and provide
less cervical stabilization force.

Vesicovaginal septum: |t is a fibroelastic connective
tissue with some smooth muscle fibers.

Extension: Laterally, it extends from pubic tubercles,
pubic arch. Arcus tendinous fascia (white line) and
centrally to the pubocervical ring, blending with
the pubocervical and cardinal ligaments and pelvic
visceral fascia.

Function: It supports the bladder and the anterior
vaginal wall.

Rectovaginal septum (RVS) (Fascia of Denonvil-
liers’). It is also a fibroelastic connective tissue with
few smooth muscle fibers.

Extension: It is an extension of endopelvic fascia.
It extends between the posterior vaginal wall
and anterior wall of the rectum. This fibroelastic
connective tissue fuses below with the perineal body,
centrally with the pericervical ring, laterally to the
arcus tendineus fascia, Mackenrodt’s ligament and
posteriorly with the uterosacral ligaments.

Function: It supports the posterior vaginal wall,
stabilizes the rectum and the perineum.

Pericervical ring (see Fig.1.20): It is a circular band
of fibromuscular connective tissue that encircles the
supravaginal part of the cervix.

Extension: Anteriorly, it lies between the base of the
bladder and the anterior cervix. It is continuous with
the pubocervical ligaments.

Laterally: It is continuous with the Mackenrodt’s
ligaments.

Posteriorly: It is located between the posterior
surface of the cervix and the rectum behind. It extends
posteriorly as the uterosacral ligaments.

Function: It stabilizes the cervix at the level of
inschial spines.

Clinical significance of the
pelvic cellular tissues and their
condensation

+ To support the pelvic organs.

+ To form protective sheath for the blood vessels
and the terminal part of the ureter.

+ Infection spreads along the track, so from outside
the pelvis to the perinephric region along the
ureter, to the buttock along the gluteal vessels,
to the thigh along the external iliac vessels and
to the groin along the round ligament.

+ Marked hypertrophy occurs during pregnancy to
widen up the spaces.

ROUND LIGAMENTS

These are paired, one on each side. Each measures
about 10-12 cm. It is attached at the cornu of the
uterus below and in front of the fallopian tube.
It courses beneath the anterior leaf of the broad
ligament to reach the internal abdominal ring (Figs
1.10 and 1.14). After traversing through the inguinal
canal, it fuses with the subcutaneous tissue of the
anterior third of the labium majus. During its course,
it runs anterior to obturator artery and lateral to the
inferior epigastric artery (Fig. 1.14). It contains plain
muscles and connective tissue. It is hypertrophied
during pregnancy and in association with fibroid.
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Near the uterus, it is flat but more distally, it
becomes round. It corresponds developmentally
to the gubernaculum testis and is morphologically
continuous with the ovarian ligament. The blood
supply is from the utero-ovarian anastomaotic vessels.
The lymphatics from the body of the uterus pass
along it to reach the inguinal group of nodes. While
it is not related to maintain the uterus in anteverted
position, but its shortening by operation is utilized
to make the uterus anteverted.

Embryologically, it corresponds with gubernaculum
testis. In the fetus, there is a tubular process of
peritoneum continuing with the round ligament into
the inguinal region. This process is called canal of
Nuck. It is analogous to the processus vaginalis which
precedes to descent of the testis.

OVARIAN LIGAMENTS

These are paired, one on each side. Each one is a
fibromuscular cord-like structure which attaches to the
inner pole of the ovary and to the cornu of the uterus
posteriorly below the level of the attachment of the
fallopian tube (Fig. 1.12). It lies beneath the posterior

Applied Anatomy

leaf of the broad ligament and measures about 2.5 cm
in length. Morphologically, it is continuous with the
round ligament and together are the homologous
to the gubernaculum testis.

BIOMECHANICAL BASIS OF UTERO
TABLE1.1 VAGINAL SUPPORT

Level |Site of |Structures Type of defects
vagina |involved
| Upper |¢ Ligaments ¢ Prolapse
- Uterosacral - Uterovaginal
- Mackenrodt - Enterocele
- Vaginal vault
Il |Middle |¢ Fascia ¢ Defects
+ Arcus - Paravaginal
tendineus
« Pubocervical - Pararectal
Il [Lower |¢ Urogenital - Cystocele
diaphragm - Rectocele
¢ Perineal + Urinary
muscles incontinence
¢ Perinal body
¢ Levator plate

SUPPORTS OF THE UTERUS AND PELVIC ORGAN PROLAPSE (see p.204)

Paravaginal defect (see p.213)

Normally, the pubocervical fascia is attached laterally to the arcus tendineus fascia (white line) of the pelvis.

Paravagial defect may be due to:

¢ Complete detachment of pubocervical fascia from the arcus tendineus fascia.
¢ Detachment of arcus tendineus fascia from the pelvic side wall. However, pubocervical fascia remains attached

toit.

¢ The arcus tendineus fascia may spit. One part remains attachment to the pelvic side wall while the other part

sags down with the attached pubocervical fascia.

Defect in the Posterior Compartment (see p. 205)
Posterior compartment defect (see Fig. 1.4A) may be due to any one or a combination of the following five

defects combination:

¢ Detachment of the rectovaginal septum (RVS) from the pericervical ring and from the uteroscral ligaments

(Figs 1.4 and 1.20).

Disruption of the perineal body (Fig. 1.5) and

* & o o

Disruption or attenuation of the sphinter anus externus (Fig. 1.17).

Break or tear of the RVS in its central or lateral part at the level of midvagina (Fig. 1.4A).
Detachment of the RVS from the perineal body (Fig. 1.4A and 1.5).
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KEY POINTS

> The labia majora contain sebaceous, sweat glands and hair follicles. The labia minora are devoid of fat and do
not contain hair follicle.

> There are four openings in the vestibule—vaginal orifice, urethral opening, opening of paired Bartholin’s ducts.
Rarely, paraurethral ducts open into the vestibule.

> Bartholin’s gland is situated in the superficial perineal pouch and measures about 0.5 cm. The duct measures
2 cm. The gland is compound racemose and lined by columnar epithelium. The duct is lined by columnar
epithelium except near the opening, where it is lined by stratified squamous epithelium.

> The length of the anterior vaginal wall is 7 cm and that of posterior wall is 9 cm. Ureter lies about 2 cm from
the lateral fornix. Vagina is lined by stratified squamous epithelium. It has no glands. The pH ranges between 4
and 5.5. Doderlein bacillus is gram-positive anaerobic organism. The glycogen content is highest in the vaginal
fornix being 2.5-3 mg%.

> Uterus measures 8 cm and weighs 50-80 g. Isthmus is bounded above by the anatomical internal os and below
by the histological internal os. Isthmus measures 0.5 cm. Normal length of uterine cavity is 6-7 cm. Uterine
artery crosses the ureter anteriorly from above. The epithelium, called endometrium is ciliated columnar type.
The glands are simple tubular. There is no submucous layer. Cervical canal is lined by tall columnar epithelium.
The cervical glands are compound racemose type.

> Fallopian tube has got 4 parts—interstitial (1 mm diameter), isthmus, ampullary (fertilization takes place) and
infundibulum (6 mm diameter). It is lined by ciliated columnar epithelium, secretory nonciliated epithelium
and ‘peg’ cells. The tube measures 10 cm.

> Ovary is attached to the posterior leaf of the broad ligament by the mesovarium. The ovarian fossa is related
posteriorly to ureter. The cortex is studded with follicular structures and the medulla contains hilus cells which |
are homologous to the interstitial cells of the testes.

> Female urethra measures 4 cm with a diameter of 6 mm. Posterior urethrovesical angle measures 100°. Mucous
coat is lined by transitional epithelium. There is no submucous coat.

> Pelvic part of the female ureter measures 13 cm with a diameter of 5 mm. It lies close to the supravaginal part
of the cervix (1.5 cm). It is comparatively constricted (i) where it crosses the brim, (i) where crossed by the
uterine artery, and (iii) in the intravesical part. The ureter is likely to be damaged during hysterectomy at the
infundibulopelvic ligament, by the side of the cervix, at the vaginal angle and during posterior peritonization.

> Superficial perineal pouch is formed by the deep layer of the superficial perineal fascia and inferior layer of the
urogenital diaphragm. The deep perineal pouch is formed by the inferior and superior layer of the urogenital
diaphragm. Obstetrical perineum is the fibromuscular structure, pyramidal-shaped with the base covered by
the perineal skin and situated in between the vaginal and anal canal. It measures 4 cm x 4 cm.

> Pelvic cellular tissues (endopelvic fascia), ligaments, perineal body, pelvic floor muscles (leavtor ani), support
the pelvic organs and counter acts the downward thrust of increased intra-abdominal pressure (see p. 24, 207).
This prevent pelvic organ prolapse (see Table 15.1).

> Broad ligament has got four parts — infundibulopelvic ligament, mesovarium, mesosalpinx and mesometrium.
Broad ligament contains Fallopian tube, round ligament, ovarian ligament, parametrium, utero-ovarian
anastomotic vessels, nerves, lymphatics of the uterus, tubes and ovaries and vestigial structures—duct of
Gartner, epoophoron and paroophoron.

> Round ligament measures 10-12 cm. One end is attached to cornu of the uterus and the other end terminates
in the anterior third of the labium majus.
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Blood Vessels, Lymphatic Drainage and
Innervation of Pelvic Organs

THE PELVIC BLOOD VESSELS

m Arterial supply ® Venous drainage
ARTERIAL SUPPLY

Sources

i Anterior division of internal iliac artery
i Ovarian artery
i Superior rectal artery.

INTERNAL ILIAC ARTERY

Internal iliac artery is one of the bifurcations of the
common iliac artery. The bifurcation occurs over
the sacroiliac articulation. It measures about 2 cm.
Ureter lies anteriorly and the internal iliac vein
posteriorly. It soon divides into anterior and posterior
divisions. Only the anterior division supplies the
pelvic viscera. The branches are schematically
mentioned overleaf.

Uterine artery

Origin: The uterine artery arises either directly
from the internal iliac artery or in common with the
obliterated umbilical artery.

Course: It runs downwards and forwards along the
lateral pelvic wall almost in the same direction as the
ureter until it reaches the base of the broad ligament.
It then turns medially and crosses the ureter anteriorly
from above and at right angle to it; about 1.5-2 cm
lateral to, at the level of internal os. On reaching the
side of the uterus, it runs upwards and takes a spiral
course along the lateral uterine wall between the
layers of broad ligament. It ultimately anastomoses
end on with the tubal branch of the ovarian artery in
the mesosalpinx.

Branches

The following branches are given off:
i Ureteric—as it crosses it

i Descending cervical

i Circular artery to the cervix: This is formed by
anterior and posterior branches of the artery to the
cervix of both sides

i Segmental arcuate arteries: These are the branches
from the ascending part. These pierce about
one-third of the myometrium and then divide
into anterior and posterior branches. These
anastomose with the corresponding branches of
the opposite side in the midline. Thus, the middle
of the uterus is comparatively avascular. From
the arcuate arteries, a series of radial arteries
arise almost at right angles, which stretch through
the entire length of the myometrium. Near the
myoendometrial junction, the radial arteries are
divided into:

(a) Short basal artery—supplies the basal endo-
metrium.

(b) Spiral artery which proceeds as far as super-
ycial portion of the endometrium and ends
ynally in extensive capillary plexuses (Figs
2.1A and B).

D Fundal branch

D Twigs to round ligament
D Tubal branch

J

Ovarian anastomotic branch.

Vaginal artery

Origin: The vaginal artery arises either from the
uterine artery or directly from the anterior division of
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the internal iliac artery. It is in relation to the lateral
fornix and then runs down along the lateral wall of
the vagina. Numerous transverse branches are sent
off anteriorly and posteriorly, which anastomose with
the similar branches of the other side to form azygos
arteries of the vagina—one anterior and one posterior.

Other arteries contributing to azygos arteries
are: (i) Descending cervical, (ii) Circular artery to
the cervix, (iii) Inferior vesical, and (iv) Internal
pudendal.

Vesical arteries: These are variable in number. They
supply the bladder and the terminal part of the ureter.
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Inferior vesical artery supplies the middle-third of
vagina and urethra.

Middle rectal: It arises either directly from the
anterior division of the internal iliac or in common
with inferior vesical artery. It supplies the lower-third
of the vagina.

Internal pudendal artery: It is one of the parietal
branches of the anterior division of the internal
iliac artery. It leaves the pelvic cavity along with its
vein and pudendal nerve through the greater sciatic
foramen and reenters the ischiorectal fossa to lie in the
pudendal canal (Alcock’s canal) after winding round
the ischial spine. Here, it gives off inferior rectal artery.
Thereafter, it sends numerous branches to supply the
perineal and vulval structures, including the vestibular
bulb and clitoris. The terminal branches of the artery
anastomose with superficial and deep pudendal
arteries—branches of the femoral artery. This will help
in maintaining the blood supply of the bladder when
the vesical branch of the internal iliac artery is ligated.

Ovarian artery

Each ovarian artery arises from the front of the aorta, a
little below the renal artery. It enters the pelvic cavity
after crossing the external iliac vessels. It then runs
medially along the infundibulopelvic ligament to enter
the mesovarium. As it enters the hilum of the ovary, it
breaks up into numerous branches to supply the organ.

Branches given to structures other than the ovary are:
= Ureter

= Uterine tube

®  Round ligament

®  Uterine anastomotic.

Superior rectal artery

This artery is a continuation of the inferior mesen-
teric artery and descends down to the base of pelvic
mesocolon. It then divides into two and each courses
down on either side of the rectum to supply it by
numerous branches.

PELVIC VEINS

The peculiarities of the pelvic veins are:
i There is a tendency to form plexuses
i The plexuses anastomose freely with each other

i The veins may not follow the course of the artery

DI  They have no valves.

OVARIAN VEINS

The ovarian veins on each side begin from the
pampiniform plexus, which lies in between the layers
of broad ligament near the mesovarium. Beyond the
infundibulopelvic ligament, there are two ovarian
veins on each side, which ascend up along the course
of the corresponding artery. Higher up, the veins
become one and ultimately drains into left renal vein
on the left side and inferior vena cava on the right side.

UTERUS, VAGINA, AND BLADDER

Venous drainage from the uterine, vaginal and vesical
plexuses chiefly drain into internal iliac vein.

RECTUM

Venous drainage from the rectal plexus drains via
superior rectal vein into the inferior mesenteric
vein. The middle and inferior rectal veins drain into
the internal pudendal vein and thence to the internal
iliac vein.

Applied Anatomy

¢ The free anastomosis between the superior rectal
veins of the portal, the middle and inferior rectal
veins of the systemic system explains the liver
metastases from the genital organ.

4 The uterine veins communicate with the vaginal
plexus; thus, accounting for vaginal metastases
in endometrial carcinoma or choriocarcinoma.

¢ A free communication between pelvic plexuses
with the sacral and lumbar channels of the
vertebral venous plexus explains not only the
development of vertebral metastases but also
explains the intracranial malignant metastases
bypassing the lungs through jugular vein. This
collateral pathway is also related with supine
hypotension syndrome in late pregnancy.

PELVIC LYMPHATICS

The knowledge of the lymphatic channels and the
draining lymph nodes from the genital organs is of
paramount importance either in inflammatory or
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specially in malignant diseases. The following groups
of nodes are involved.

INGUINAL NODES (FIG. 2.2)

Superficial: There are two groups. One lying hori-
zontally and parallel to the inguinal ligament and the
other is placed vertically along the long saphenous vein.

Superficial group receive afferents from gluteal
region, anterior abdominal wall below the umbilicus,
vulva, perineum, vagina below the hymen, anal canal
below the Hilton’s line and cornu of the uterus (along
the round ligament). The efferents from the superficial
inguinal lymph nodes drain into the deep inguinal
nodes and external iliac lymph nodes passing through
the inguinal canal.

Deep inguinal lymph nodes: These nodes receive
afferents from deep femoral vessels, glans clitoris and
few from superficial inguinal nodes. They are 5—6 in
number and lie on the medial side of the femoral vein.
The uppermost gland of this group is called the gland
of Cloquet or the gland of Rosenmiiller, which lies
beneath the inguinal ligament in the femoral canal.
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Efferents from the deep nodes pass through the femoral
canal and drain to the external iliac nodes.

PARAMETRIAL NODE

It is of small size, inconsistently present in the
parametrium near the crossing of the ureter with the
uterine artery.

Internal iliac nodes receive afferents from all the
pelvic viscera, deeper perineum, muscles of the thigh
and buttock. These glands receive the afferents from
the obturator (obturator canal) and the sacral nodes
(along the median and lateral sacral vessels).

EXTERNAL ILIAC NODES

There are three groups: (i) Lateral—Ilateral to external
iliac artery, (ii) Middle (anterior)—in between the
artery and vein, and (iii) Medial—medial to the vein.
These glands receive drainage from the cervix, upper
vagina, bladder, lower abdominal wall and from the
inguinal nodes. Afferents are from internal iliac,
inferior epigastric, circumflex iliac and obturator
nodes. The efferents ultimately drain into the common
iliac group. In carcinoma cervix, the medial and
middle groups are involved.

Common iliac lymph nodes are arranged in three
groups: (i) Lateral, (ii) Intermediate and (iii) Medial.
They receive afferents from external and internal iliac
nodes and send efferents to the lateral aortic nodes.

SACRAL GROUP

It consists of two sets of glands; one lateral group,
which lies lateral to the rectum and a medial group
lying in front of the sacral promontory. The lymphatics
from these groups pass on either to the inferior lumbar
group or to the common iliac group.

LUMBAR GROUP

It consists of two sets of glands—(1) Inferior group,
which lies in front of the aorta below the origin of
inferior mesenteric artery. (2) Superior group, which
lies near the origin of the ovarian artery. These two
groups receive all the lymph from the pelvic organs.
Thereafter, it passes up to cisterna chyli situated over
the body of 12th thoracic vertebra. The lymph is
finally carried upwards via the thoracic duct which
opens into the left subclavian vein at its junction
with left internal jugular vein.
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LYMPHATICS OF THE CORPUS (FIG. 2.2)

INTRINSIC PLEXUS

Two plexuses are demonstrated: (i) Basal layer of
the endometrium and (ii) Subserosal layer. The
lymphatics from the basal layer run through the
myometrium in close relation to the blood vessels to
reach the subserosal plexus.

EXTRINSIC DRAINAGE

(i) From the fundus and the adjoining part of the
body — along ovarian lymphatics — superior
lumbar (para-aortic) group of glands.

(i1) From the cornu — along the round ligament —
superycial inguinal (horizontal group).

(iii) Rest of the body of uterus — external iliac group.
(iv) Adjacent to cervix — into cervical lymphatics.

LYMPHATICS OF THE CERVIX (FIG. 2.3)

The lymphatics from the cervix drain into the
following lymph nodes coursing along the uterine
veins.

Primary groups

1. Parametrial group—inconsistent.

Secondary group

The lymphatics from all the primary groups drain into
common iliac and superior lumbar group.

LYMPHATICS FROM THE FALLOPIAN
TUBE AND OVARY

The intrinsic plexuses of the fallopian tube are situated in
the mucosal and subperitoneal layers. The afferents from
these plexuses pass up along with ovarian lymphatics
to superior lumbar group. There is free anastomosis
between the ovarian lymphatics of each side across the
uterosacral ligament or via the subperitoneal lymphatic
plexus of the fundus of the uterus.

LYMPHATICS OF THE VAGINA

The intrinsic plexuses are situated in the mucosal
and muscle layers. (i) Upper two-thirds drain into the
glands like those of the cervix. (ii) Lower one-third
drains into inguinal and at times into external iliac
nodes.

LYMPHATICS OF THE VULVA (FIG. 2.4)

There are dense lymphatic plexuses in the dermis
of the vulva, which intercommunicate with those of
subcutaneous tissue (see p. 335).

2. Internal iliac group. D The lymphatics of each side freely communicate
3. Obturator group. with each of them
4. External iliac—anterior and medial group. D The lymphatics hardly cross beyond the labiocrural
5. Sacral group. fold
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D The vulval lymphatics also anastomose with the
lymphatics of the lower-third of the vagina and
drain into external iliac nodes

D Lymphatics from the deep tissues of the vulva
accompany the internal pudendal vessels to the
internal iliac nodes

D Superficial inguinal lymph nodes are the primary
lymph nodes that act as the sentinel nodes of the
vulva. Deep inguinal lymph nodes are secondarily
involved. It is unusual to find positive pelvic
glands without metastatic disease in the inguinal
nodes

D Gland of Cloquet or Rosenmiiller, which is the
upper most deep femoral nodes is absent in about
50 percent of cases.

Labia Majora (Anterior Half)

Lymphatics intercommunicate with the opposite side
in the region of mons veneris — Superficial inguinal
nodes.

Thus, there is bilateral and contralateral spread of
metastasis in malignancy affecting the areas.
Labia Majora (Posterior Half)

Drains into — Superficial inguinal — Deep inguinal
— External iliac.

Labia Minora and Prepuce of Clitoris

Intercommunicating with the lymphatics of the
opposite side in the vestibule and drains into superficial
inguinal nodes.

Glans of clitoris: Drains directly into the deep
inguinal and external iliac glands.

Bartholin’s glands: The lymphatics drain into
superficial inguinal and anorectal nodes.

Node of Cloquet: It was previously thought to be
the main relay node through which the efferents from
the superficial inguinal nodes pass to the external
iliac nodes. Recent study shows its insignificant
involvement in vulval malignancy, and thus, it is not
considered to be the relay node. The efferents from
the superficial inguinal may reach the external iliac
group bypassing the node of Cloquet.

LYMPHATICS OF BLADDER
AND URETHRA

Bladder: The lymphatics drain into hypogastric group
of glands — external iliac.

Urethra: Upper half drains like that of bladder; lower
half drains into superficial inguinal node.

PELVIC NERVES

= Somatic = Autonomic

SOMATIC

Both the motor and sensory part of the somatic supply
to the pelvic organs are through:

(1) Pudendal nerve—S, S, S .

(i) Ilio-inguinal nerve—L , L..
(iii) Genital branch of genitofemoral nerve—L , L..
(iv) Posterior cutaneous nerve of thigh.

PUDENDAL NERVE

The sensory component supplies the skin of the
vulva, external urethral meatus, clitoris, perineum
and lower vagina. The motor fibers supply all the
voluntary muscles of the perineal body, levator ani
and sphincter ani externus. Levator ani, in addition,
receives direct supply from S, and S, roots.
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While the anterior half of vulval skin is supplied by
the ilioinguinal and genital branch of genitofemoral
nerves, the posterior part of the vulva, including the
perineum is supplied by the posterior cutaneous nerve
of thigh.

AUTONOMIC

The autonomic supply is principally from the
sympathetic and partly from the parasympathetic
systems.

SYMPATHETIC

The sympathetic system carries both the sensory and
motor fibers. The motor fibers arise from the segments
D, and D, and the sensory fibers from the segments
D, to L . The fibers from the preaortic plexus of the
sympathetic system are continuous with those of the
superior hypogastric plexus. This plexus lies in front

of 5th lumbar vertebra and more often wrongly called
presacral nerve. While passing over the bifurcation
of aorta, it divides into right and left hypogastric
nerves. The hypogastric nerve joins the pelvic
parasympathetic nerve of the corresponding side and
forms the pelvic plexus (right and left) or inferior
hypogastric plexus or Frankenhauser plexus. This
plexus lies in the loose cellular tissue, posterolateral to
the cervix below the uterosacral folds of peritoneum.
The pelvic plexus then continues along the course of
the uterine artery as paracervical plexus (Fig. 2.5).

PARASYMPATHETIC

The parasympathetic fibers (nervi erigentes) are
derived from the S, S , and S, nerves and join the
hypogastric nerve of the corresponding side to form
pelvic plexus. The fibers are mainly sensory to the
cervix. Thus, from the vaginal plexus, the nerve fibers
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Applied Anatomy OVARIAN PLEXUS

Ovarian plexus is derived from the coeliac and renal
Epidural analgesia or paracervical block during ganglia. The fibers accompany the ovarian vessels to

labor is effective due to blocking of the sensory supply to ovary, Fallopian tube and the fundus of the
impulses carried via sympathetic or para- uterus. The sensory supply of the tube and ovary is
sympathetic fibers. fromD toD .
Presacral neurectomy, although rarely done,

either for intractable dysmenorrhea or endome-

triosis is to divide the sensory impulses carried

from the uterus (see p. 180).

While snpple hysterectomy ra'rely disturbs the APPLIED ANATOMY
paracervical plexus, but the radical hysterectomy

does and, in such cases, there may be marked Ligation of Internal lliac Artery and Development
atonicity of the bladder because of the division of of Colateral Circulation

the sacral connection of the uterovaginal plexus Systemic artery Internal iliac artery

(see p. 349). 1. Lumbar (aorta) —>» with <—— lliolumbar

Myometrium contains both alpha and beta

adrenergic and cholinergic receptors. Strong stimu- 2. Middle sacral

lation of the receptors with beta mimetic drugs, (@orta) —————» with < Lateral sacral
such as isoxsuprine will inhibit myometrial activity. 3. Superior rectal

(inferior mesenteric)
—>» with <«—— Middle rectal

pass on to the uterus, upper-third of vagina, urinary

bladder, ureter and rectum.

4. Ovarian (aorta) —>» with <—— Uterine

KEY POINTS

Only the anterior division of the internal iliac artery supplies the pelvic viscera.

The uterine artery arises either directly from the internal iliac artery or in common with obliterated umbilical
artery.

Vaginal artery arises either from the uterine artery or directly from the anterior division of internal iliac artery.
The azygos arteries (two) are formed by vaginal, descending cervical, inferior vesical, and internal pudendal
arteries.

The ovarian artery arises from the aorta below the renal artery. The ovarian veins drain into inferior vena cava
on the right side and into the left renal vein on the left side.

The free anastomosis between the superior rectal veins of the portal, the middle and inferior rectal veins of the
systemic system explains the liver metastases from the genital organs.

> The gland of Cloquet lies beneath the inguinal ligament in the femoral canal.

From the cornu of the uterus, the lymphatics course along the round ligament to superficial inguinal group
of glands.

Levator ani is supplied by pudendal nerve and receives direct supply from S, and S, nerve roots. Levator ani
muscle supports the pelvic viscera and prevents pelvic organ prolapse (see p. 198).

The motor fibers of the sympathetic arise from the segments D, and D, and the sensory fibers from the segments
D,, to L,. The parasympathetic fibres are derived from the S,, S, and S, nerves. The sensory supply of the tube
and ovary is from D  to D,,.

Myometrium contains both alpha and beta adrenergic and cholinergic receptors.




Development of Genital

Organs and Gonads

DEVELOPMENT OF EXTERNAL
GENITAL ORGANS

The external genital organs start developing almost
simultaneously with the development of the internal
genital organs. The site of origin is from the urogenital
sinus (Fig. 3.1). The endodermal cloaca is divided
by a coronally oriented vertical partition, known as
urorectal septum. The urorectal septum contains a
pair of paramesonephric ducts close to the midline
and a pair of mesonephric ducts laterally. The
dorsal part of the endodermal cloaca, thus formed,
differentiates to form the rectum and anal canal.
The ventral portion, known as urogenital sinus,
differentiates into three parts (Fig. 3.4).

a. Upper vesicourethral part forms the mucous
membrane of the bladder except the trigonal
area. It also contributes to the major part of
female urethra.

b. Middle pelvic part of urogenital sinus: It
receives the united caudal end of the two para-

mesonephric ducts in the midline. Derivatives of
this part differentiates into the epithelium of the
vagina, Bartholin’s gland, and the hymen.

c. Thelower phallic part of the urogenital sinus:
It is lined by the bilaminar urogenital membrane
(see below). It contributes to vestibule of vagina.

The site of fusion between the urorectal septum and
the cloacal membrane is the primitive perineal body.

The part of the cloacal membrane in front of
the primitive perineal body is called urogenital
membrane and the part behind is called anal
membrane. When the urogenital membrane rupt-
ures, the genital folds do not reunite in female (e.f.
male). They persist as labia minora. The perineal cleft
persists as vestibule, into which the urethra and the
vagina open. The ectodermal swelling, one on either
side and lateral to the genital fold is called labioscrotal
swelling. Eventually they form the labia majora.

The genital folds meet at the cephalic end of the
cloacal membrane to form an elevation. This eleva-
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tion is known as genital tubercle, which ultimately
differentiates into the clitoris.

Development up to this stage is the same in the
male and the female (50 mm CR length, 10 weeks).

If the gonads become ovaries, the external genitalia
will attain the female characteristics (Table 3.1).

i Clitoris is developed from the genital tubercle.

)i Labia minora are developed from the genital
folds.

)i Labia majora are developed from the genital
swellings.

)i The Bartholin’s glands are developed as
outgrowths from the caudal part of the urogenital
sinus and correspond to the bulbourethral glands
of male.

)i The vestibule: The inferior portion of the pelvic
part (Fig. 3.4D) and whole of the phallic part of
the urogenital sinus expand to form the vestibule
of the vagina (at about Sth month). It receives the
openings of urethra, the vagina and Bartholin’s
ducts (Fig.3.1).

DEVELOPMENT OF INTERNAL

GENITAL ORGANS
= Fallopian tubes = Uterus
= Broad ligaments ® Vagina

The major part of the female genital tract develops
from the Miillerian ducts. The duct forms one on
each side as an ingrowth of coelomic epithelium in
the lateral aspect of mesonephros at about 5-6 weeks
(10 mm CR length). The ingrowth forms a groove
and then a tube, which goes beneath the surface.
While it grows downwards, it has developed three
parts—(1) cranial vertical, (2) middle horizontal, and
(3) caudal vertical after crossing the Wolffian duct
anteriorly. In the absence of androgen (testosterone)
and anti-Miillerian hormone (AMH)), as in a normal
female, there is further growth and development of the
Miillerian duct system with regression of the Wolffian
ducts (Figs 3.3 and 3.6).

Appendng vesicylosa

I Urogents sinus

majus
Il Mesonephnc dug |

Fig. 3.3: 5iI-30-Y'Y 1.0 ISLIISASyil-o2y aK2 &y RSFSE2LIY Syt 27 1Y IS NSLI2R10a4S a8aiSYa Ti2Y (KS
LY ha@S ISyl Ruz0iae +Saa3nl£ aliiz0idziSa IS a2 aK2&y 610 CSY IS Sz I i GSS13T 6.0 bS@621y 1Y IS

Charun

Hymen  Vagina

| Paramesoraphic du




36

TEXTBOOK OF GYNECOLOGY

FALLOPIAN TUBES

Fallopian tube is developed from upper vertical part
and the adjoining horizontal part of the Miillerian
duct. The coelomic opening of the duct becomes the
abdominal ostium.

UTERUS

Uterus is developed by the fusion of the inter-
mediate horizontal and the adjoining vertical part
of the Miillerian ducts, which begins at 7-8 weeks
(22 mm CR length) and completes by 12th week.
Cervix is developed from the fused lower vertical
parts of the two paramesonephric ducts. The cervix
is differentiated from the corpus by 10th week. The
intervening septum disappears during the Sth
month of intrauterine life. The lining epithelium
and the glands of the uterus and cervix are developed
from the coelomic epithelium. Myometrium and
endometrial stroma are developed from the meso-
derm of the paramesonephric ducts.

BROAD LIGAMENT

When the Miillerian ducts approach each other in
the midline, a broad transverse fold is established. It
extends from the lateral side of the fused Miillerian
ducts up to the lateral pelvic walls, which is named
as Broad ligament. All the vestigial remnants of
mesonephric tubules, i.e. epoophoron (situated above

the ovary), paroophoron (between ovary and uterus)
and the duct, remnant as Gartner’s duct are found
in the broad ligament in the mesosalpinx (Fig. 3.3).
Kobelt’s tubules on the outer set are said to be of
pronephric origin (Fig. 1.12).

VAGINA

Development of vagina is composite, partly from
the Miillerian (paramesonephric) ducts and partly
from the urogenital sinus.

The paramesonephric ducts develop at about
sixth week, as an invagination of coelomic epithe-
lium lateral to each mesonephric (Wolffian) duct.
Each paramesonephric duct passes ventral to the
corresponding mesonephric duct and then meets its
counterpart from the opposite side in the midline
(Fig. 3.4). The lower vertical parts of the two
paramesonephric (Miillerian) ducts pass caudal wards
in the urorectal septum and meet each other. Around
9th week, the solid caudal tip of the fused vertical parts
of the Miillerian ducts project blindly into the dorsal
wall of the urogenital sinus as Miillerian tubercles
(Fig. 3.4A).

The paramesonephric ducts shortly undergo
fusion with each other and the partition between
them disappears. The united lower vertical parts
form the uterovaginal canal and the fused Miillerian
tubercles form the Miillerian eminence. The
unfused cranial part of each paramesonephric duct
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forms the uterine tube and the distal open end forms
the abdominal ostium.

The endodermal cells from the dorsal wall of the
urogenital sinus proliferate and form the sinovaginal
bulb (Fig. 3.4B). These endodermal cells further
proliferate and extend cranially into the central axis
to form a solid plate, called vaginal plate. This
vaginal plate elongates thereby increasing the distance
between the urogenital sinus (below) at the cervix
(above).

At about 20 weeks the vaginal plate undergoes
canalization with the disintegration of the central
cells. The upper end of the canal forms the vaginal
fornices and communicates with the cervical canal
and uterine cavity.

Central cells of the Miillerian eminence disinte-
grate, so that the vaginal canal now opens into
the urogenital sinus (Fig. 3.4C). The tissue at the
periphery persists as hymen. It is lined by sinus
epithelium (endodermal origin) on either side with a
thin mesoderm in between. Thus, whole of the vagina
is lined by endoderm of the urogenital sinus and the
muscle in the wall is derived from the mesoderm of the
Miillerian ducts.

Finally, the urogenital membrane ruptures and the
genital folds persist as the labia minora.

Eventually, the vaginal segment grows and is
extended between the paramesonephric derived cervix
at the top and the sinus derived vestibule at the bottom.

SUMMARY

Vagina is developed mainly from the Miillerian
ducts and partly from the urogenital sinus.

Upper three-fifth above the hymen develop from
the fused uterovaginal canal of the Mullerian ducts.

)i Mucous membrane is developed from the
endoderm of the canalized (vaginal plate) sinova-
ginal bulb (urogenital sinus).

D The musculature is developed from the
mesoderm of the fused caudal vertical part of
the Mdllerian ducts.

D The hymen is developed from the junction of
the Miillerian tubercle (mesodermal) and the
urogenital sinus (endodermal).

Lower one-fifth below the hymen is developed
entirely from the endoderm of the urogenital sinus.

Vaginal introitus is developed from the ectoderm
of the genital folds after rupture of the bilaminar
urogenital membrane.
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Site

The ovary is developed on either side from the genital
or gonadal ridge. This ridge is formed in a four-week
embryo between the dorsal mesentery (medially) and
the mesonephric ridge (laterally) by the multiplication
of the coelomic epithelium along with condensation
of the underlying mesenchyme (Fig. 3.5).

Sources

The cortex and the covering epithelium are developed
from the coelomic epithelium and the medulla from
the mesenchyme. The germ cells are of endodermal
origin. They migrate from the yolk sac to the
genital ridge along the dorsal mesentery by ameboid
movement between 20 and 30 days. The germ cells
undergo a number of rapid mitotic divisions and
differentiate into oogonia. The number of oogonia
reaches its maximum at 20th week numbering
about 7 million. The mitotic division gradually ceases

and the majority enter into the prophase of the first
meiotic division and are called primary oocytes.
These are surrounded by flat cells (granulosa cells)
and are called primordial follicles. At birth, there is no
more mitotic division and all the oogonia are replaced
by primary oocytes. The estimated number at birth
is about 2 million (details p. 82).

Indifferent or Primitive Gonad

Initially, the gonads do not acquire male or female
morphological characteristics until the seventh week
of development. Around the time of arrival of germ
cells, the coelomic epithelium of the genital ridge
proliferates. The irregular cords of cells (primitive sex
cords) invaginate the underlying mesenchyme. These
cords of cells surround the primordial germ cells and
still have connection with the surface epithelium. It
is difficult at this stage to differentiate between an
ovary and testis.
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TABLE 3.1 MALE AND FEMALE DERIVATIVES OF EMBRYONIC UROGENITAL STRUCTURES

Derivatives

Embryonic structure Male (Fig.3.2)

Female (Fig. 3.3)

Labioscrotal swelling Scrotum Labia majora
Urogenital folds Ventral aspect of penis Labia minora

Genital tubercle Penis Clitoris

Urogenital sinus Urinary bladder Urinary bladder, urethra

Prostate gland
Prostatic utricle
Bulbourethral glands

Urethra except navicular fossa

Urethral and paraurethral glands

Vagina
Bartholin’s glands

Paramesonephric duct Appendix of testes

Hydatid of Morgagni, uterus, cervix
fallopian tubes, vagina (muscular wall)

Mesonephric duct Ductus epididymis
Ductus differens and

seminal vesicles

Duct of epoophoron
Gartner’s duct

Mesonephric tubules Ductuli efferentes Epoophoron
Paradidymis Paroophoron

Undifferentiated gonad Testis Ovary

Cortex Seminiferous tubules Ovarian follicles

Medulla Rete testis Rete ovarii

Gubernaculum Gubernaculum testis

Ovarian ligament
Round ligament

Mdillerian tubercle Seminal colliculus

Definitive Gonad

In a XX individual, without the active influence of Y
chromosome, the bipotential gonad develops into
an ovary about two weeks later than testicular
development. SRY gene located on the short arm
of Y chromosome directly controls the differ-
entiation of testis from the bipotential gonad. Apart
from SRY, autosomal genes are also essential for
differentiation of the gonads. Absence of SRY gene
leads to female sex differentiation (Fig. 3.6).
Genetic control is of prime importance for differentiation
of bipotential gonad. Genes that regulate the process are:
Wilms’ tumor gene (WTI), FTZI and SRY.

Second gene involved in development of testis is SOX9
and anti-Miillerian hormone (produced by Sertoli cells).
DAXI gene expression is involved in ovarian differentiation.
DAXI antagonizes the action of SRY gene.

The surface becomes thicker and continues to
proliferate extensively. It sends down secondary

Hymen

cords of cells into the mesenchyme (cortical cords),
but unlike testis, maintains connection with the sur-
face epithelium. In the fourth month, these cords split
into clusters of cells, which surround the germ cells.

The germ cells will be the future oogonia and the
epithelial cells will be the future granulosa cells.
From 20th week, the oocytes that are not surrounded
by the granulosa cell envelope, are destroyed. The
stromal mesenchymal cells also surround the follicular
structure to form the future theca cells. Thus, a basic
unit of a follicle is completed. By 28th week, number
of these follicles are exposed to maternal gonadotropin
and undergo various degrees of maturation (little short
of antrum formation) and atresia.

Descent of the Ovary

The cranial part of the genital ridge becomes the
infundibulopelvic ligament (Fig. 3.3). From the lower
pole of the ovary, genital ligament (gubernaculum)
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is formed, which is attached to the genital swelling the Miillerian attachment is the ovarian ligament
(labial). Gubernaculum is a fibromuscular band. The and the part between the cornu of the uterus to
genital ligament gets an intermediate attachment the end is the round ligament. The ovaries descend
as it comes close to Miillerian ducts (angle of the during the seventh to ninth months, and at birth,
developing uterus). The part between the ovary and  they are situated at the pelvic brim.

KEY POINTS

>

The external genital organs start developing almost simultaneously with the development of the internal
genital organs.

Clitoris is developed from the genital tubercle, labia minora from the genital folds and labia majora from the
genital swellings.

Bartholin’s glands are developed from the caudal part of the urogenital sinus.
Major part of the vagina is developed from urogenital sinus.

SRY (sex-determining region of the Y chromosome) gene directly controls the testicular differentiation from the
bipotential gonad. SRY gene encodes the testicular determining factor (TDF), which induces the differentiation.
Testicular development is an active event whereas ovarian development is a default pathway due to absent
SRY gene.

An individual with absent SRY gene, though the chromosomal complement is 46, XY, the gonadoductal
development is towards female (XY gonadal dysgenesis).

The ovary is developed from the gonadal ridge. The cortex and the covering epithelium are developed from
the coelomic epithelium and the medulla from the mesenchyme. The germ cells are endodermal in origin
and migrate from the yolk sac to the genital ridge. The number of oogonia reaches its maximum at 20th week
numbering about 7 million. The estimated number at birth is about 2 million.

The bipotential gonad develops into an ovary about two weeks later than the testicular development.
The cranial end of the genital ridge becomes the infundibulopelvic ligament.
The ovary is developed from the middle part of the genital ridge.

The part of the gubernaculum (genital ligament) between the lower pole of the ovary and the Miillerian |
attachment is the ovarian ligament. The part between the cornu of the uterus (Miillerian attachment) to the end
(external genitalia) is the round ligament.

The ovaries descend during seventh to ninth months, and at birth, they are situated at the pelvic brim.

The paramesonephric duct in female differentiates into fallopian tube, uterus and cervix. The mesonephric duct
in male gives rise to epididymis, vas deferens and seminal vesicles. The sinovaginal bulbs, which grow out
from the posterior aspect of the urogenital sinus, differentiates into vagina. The genital tubercle differentiates
into clitoris (female) or penis (male). The urinary bladder develops from the urogenital sinus.

Urinary bladder develops from the upper vesicourethral part of the urogenital sinus except the trigone.

A cyst of the vagina, especially on the anterolateral vaginal wall, is usually Gartner’s duct cyst (embryonic cyst).
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Congenital Malformation of
Female Genital Organs

INTRODUCTION

From the embryological considerations, the following

facts can be deduced.

¢ Developmental anomalies of the external genitalia
along with ambiguity of sex are usually genetic
in origin

¢ Major anatomic defect of the genital tract is usually
associated with urinary tract abnormality
(40%), skeletal malformation (12%), and
normal gonadal function

¢ While minor abnormality escapes attention, it is
the moderate or severe form, which will produce
gynecologic and obstetric problem.

DEVELOPMENTAL ANOMALIES OF
THE EXTERNAL GENITALIA

PERINEAL OR VESTIBULAR ANUS

The entity is detected at birth. The usual anal opening
site is evidenced by anal pit. The anal opening
is situated either close to the posterior end of the
vestibule or in the vestibule. Rarely, it is situated
in the vagina (congenital rectovaginal fistula). The
opening is usually sufficiently big and continence is
present. There is no problem in future reproduction.
The delivery should be by cesarean section (see p. 47).

If there are features of obstruction or the opening
is situated high in the vagina, pull through operation
is to be done bringing the anal end to the anal pit with
prior colostomy.

ECTOPIC URETER

The additional ureteric opening is usually in the
vestibule close to the urethra or in the vagina. The

main symptom is uncontrollable wetness. Partial
nephrectomy and ureterectomy may be indicated or
implantation of the ectopic ureter into the bladder
may be done.

VAGINAL ABNORMALITIES

The significant abnormalities include:

= Narrow introitus = Hymen abnormality
= Septum = Agenesis = Associated abnormalities

NARROW INTROITUS

The existence is revealed after marriage. Dyspareunia
may be the first complaint, or it may be detected during
investigation of infertility. Treatment is effective
by manual stretching under general anesthesia or
by surgical enlargement (Perineoplasty/Fenton’s
operation, see p. 592).

HYMEN ABNORMALITY

Gross hymenal abnormality of significance
is imperforate hymen. It is due to failure of
disintegration of the central cells of the Miillerian
eminence that projects into the urogenital sinus
(see p. 36). The existence is almost always unnoticed
until the girl attains the age of 14-16 years. As the
uterus is functioning normally, the menstrual blood
is pent up inside the vagina behind the hymen
(cryptomenorrhea). Depending upon the amount of
blood so accumulated, it first distends the vagina
(hematocolpos). The uterus is next involved and
the cavity is dilated (hematometra). In the late and
neglected cases, the tubes may also be distended
after the fimbrial ends are closed by adhesions
(Hematosalpinx) (Fig. 4.1).
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Fig. 4.2: Ultrasonographic view of hematometra and
hematocolpos in a girl with imperforate hymen

Clinical features: The girl is aged about 1416 years.
The chief complaints are periodic lower abdominal
pain, which may be continuous, primary amenorrhea
and urinary symptoms, such as frequency, dysuria or
even retention of urine. In fact, in significant cases
the presenting feature may be the retention of urine.
The cause of retention is due to elongation of the
urethra (Fig. 4.1).

Abdominal examination reveals a suprapubic
swelling, which may be uterine or full bladder. Prior
catheterization reveals the true state.

Vulval inspection reveals a tense bulging membrane
of bluish coloration (Fig. 4.3). In majority, however, it
is not the true hymen but the obstructing membrane is
a transverse vaginal septum close to the inner aspect
of the hymen. Rectal examination reveals the bulged
vagina. Ultrasonography can make the diagnosis of
hematometra and hematocolpos (Fig. 4.2).

In newborn (usually within one week of birth),
accumulated mucus behind the imperforate membrane
gives the clinical entity of mucocolpos. The secretion

is either from the desquamated vaginal epithelial cells
or from the cervical glands.

Treatment

Cruciate incision is made in the hymen. The quadrants
of the hymen are partially excised not too close to the
vaginal mucosa. Spontaneous escape of dark tarry
colored blood is allowed (Fig. 4.4).

Pressure from above should not be given. Internal
examination should not be done. The patient is put
to bed with the head end raised. Antibiotic should be
given. The residual pathology, if any, may be detected
by internal examination after the next period is over.

VAGINAL MALDEVELOPMENTS

Common variations of vaginal maldevelopments

¢ Agenesis of vagina
¢ Failure of vertical fusion
¢ Failure of lateral fusion
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Fig. 4.3: Tense bulging of the hymen
in hematocolpos

Fig. 4.4: Spontaneous escape of dark tarry blood
following incision

Etiological factors for Millerian malformations
are not clearly understood. The probable causes are:
polygenic, multifactorial, teratogens, or environmental.

Pathology of Miillerian malformation: It may be
due to failure of formation of the vaginal plate or due
to its failure of canalization or cavitation.

Vertical fusion defects result in failure of fusion of
the Miillerian system with urogenital sinus. It may
also be due to incomplete or segmental canalization
of the vagina.

Disorders of lateral fusion are also due to failure
of the two Miillerian ducts to unite. This results in
double uterovaginal canals. Such malformation may
be obstructive or nonobstructive.

Transverse vaginal septa are due to faulty fusion or
canalization of the urogenital sinus and the Miillerian
ducts. About 45% occur in the upper vagina, 40%
in mid vagina and 15% in the lower vagina. Septum
located in the lower vagina is often complete and the
signs and symptoms are similar to that of imperforate
hymen. Ultrasonography is a useful investigation to

detect hematometra, hematocolpos, and also urinary
tract malformations. The principles of surgical
treatment are the same. Septum in the upper vagina is
often perforated. Incision of a complete (imperforate)
septum becomes easy when the upper vagina is
distended. This reduces the risk of injury to adjacent
organs. Otherwise abdominovaginal approach (see
p. 44) is made.

Longitudinal septum of the vagina may be present
when the distal parts of the Miillerian ducts fail to
fuse (fusion failure). It may be associated with double
uterus and double cervix. It may be asymptomatic and
needs no treatment. But it may cause dyspareunia or
may obstruct delivery. In such circumstances, the
septum is to be excised. Results of surgery are good
in terms of achieving pregnancy.

PARTIAL AGENESIS OF UPPER VAGINA

A segment of vagina may be atretic in the upper-third.
It is often associated with hypoplasia or even absence
of cervix. Uterus may be normal and functioning or
malformed. Primary amenorrhoea (cryptomenorrhea),
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hematometra, hematocolpos, cyclic lower abdominal
pain and presence of lower abdominal mass (as felt
per abdomen or per rectum) point to the diagnosis.
Conventional treatment is hysterectomy. Currently,
abdominovaginal approach is made to establish
communication between the uterovaginal canal above
and the newly created vagina below. Prosthesis is
used to prevent restenosis. The result is, however, not
always satisfactory though successful pregnancy and
live birth have been reported. When hysterectomy
is considered, ovaries should be conserved. This
gives the benefit of endogenous estrogen. Assisted
reproductive technology would be the option, when
desired, using a surrogate uterus.

COMPLETE AGENESIS

Complete agenesis of the vagina is almost always
associated with absence of uterus. There is, however,
presence of healthy gonads and fallopian tubes. The
patient is phenotypically female, with normal female
karyotype pattern. The entity is often associated
with urinary tract (40%) and skeletal (12%)
malformation. This is called Mayer-Rokitansky-
Kiister-Hauser syndrome. The patient usually seeks
advice for primary amenorrhea and dyspareunia.

Treatment of such patients needs repeated
psychological counseling. Often they are depressed
concerning their sexual and reproductive life.
Treatment options are: (1) Nonsurgical, (2) Surgical.

1. Nonsurgical method: Repeated use of graduated
vaginal dilators for a period of 6—12 months.
Presence of a vaginal dimple (1 cm) is often
seen. This method (Frank, 1938) is a simple and
effective one.

2. Surgical methods various procedures of vaginal
reconstruction (vaginoplasty) are done.

a. Mcindoe-Reed procedure (1938): A space is
created digitally between the bladder and the
rectum. Split thickness skin graft is used over
amould. This mould is kept in this neovaginal
space.

b. Williams Vulvovaginoplasty (1976): A
vaginal pouch is created from skin
flaps of labia majora in the midline.
This is not done these days.

c. Vaginoplasty with amnion graft
(Chakraborty, Konar, 2004) see p. 456.

Complications of vaginoplasty: During surgery VVEF,
RVF, infection and bleeding are the important ones.
Dyspareunia, restenosis are common late complications.

ASSOCIATED ABNORMALITIES

Associated abnormalities with:

a. Vesicovaginal fistula is formed when the Miillerian
eminence ruptures into the vesicourethral part
of the cloaca instead of the pelvic part of the
urogenital sinus (see Fig. 3.4D).

b. Rectovaginal fistula when the Miillerian
eminence opens in the dorsal segment of the
endodermal cloaca.

c. Persistent urogenital sinus with various
irregularities of urethral and vaginal orifices in
the sinus.

UTERINE ANOMALIES

Uterine anomalies are often associated with vaginal
maldevelopment.

American Fertility Society (AFS) Classification of
Miillerian Anomalies (1988) are (Figs 4.5A to F):

Class I: Miillerian agenesis/Hypoplasia—segmental,
Class II: Unicornuate uterus, Class III: Didelphys
uterus, Class I'V: Bicornuate uterus, Class V: Septate
uterus, Class VI: Arcuate uterus, and Class VII:
Diethylstilbestrol (DES)-related abnormality.

Incidence of Miillerian abnormalities: It varies
between 3 and 4%. The incidence is found to be high
in women suffering from recurrent miscarriage or
preterm deliveries (5-20%).

= Failure of development of one or both
Miillerian ducts

The absence of both ducts leads to absence of uterus,
including oviducts. There is absence of vagina as well.
Primary amenorrhea is the chief complaint.

The absence of one duct leads to a unicornuate
uterus with a single oviduct.

= Failure of recanalization of
the Miillerian ducts

Agenesis of the upper vagina or of the cervix—This
may lead to hematometra as the uterus is functioning
(discussed above).



Chapter4 < CONGENITAL MALFORMATION OF FEMALE GENITAL ORGANS

45

TN

Canaovagn LHemns LELT R LI b rues: Lierus Rudmanimry
APEIEES LTSI dedalpfiys becarmiis pnicolis SpILIG hiom
{ o= COTHYHEIC D
(A a D E | (F|

Figs 4.5A to F: al{i2lY l-o2y4 2F (KS aillerian ducts

= Failure of fusion of Miillerian ducts

In majority, the presence of deformity escapes
attention. In some, the detection is made accidentally
during investigation of infertility or repeated
pregnancy wastage. In others, the diagnosis is made
during D + E operation, manual removal of placenta
or during cesarean section.

Types of fusion anomalies (Figs 4.5A to F)

D Arcuate (18%): The cornual parts of the uterus
remains separated. The uterine fundus looks concave
with heart-shaped cavity outline (Fig. 4.6D).

D Uterusdidelphys (8%): There is complete lack of
fusion of the Miillerian ducts with a double uterus,
double cervix and a double vagina (Fig. 4.5C).

D Uterus bicornis (26%): There is varying degrees
of fusion of the muscle walls of the two ducts.

—  Uterus bicornis bicollis: There are two uterine
cavities with double cervix with or without
vaginal septum.

- Uterus bicornis unicollis: There are two
uterine cavities with one cervix. The horns may
be equal or one horn may be rudimentary and
have no communication with the developed
horn (Figs 4.5D and 4.6F).

D Septate uterus (35%): The two Miillerian ducts
are fused together but there is persistence of
septum in between the two either partially (sub
septate) or completely (Figs 4.5E and 4.6A and B).

D Uterus unicornis (10%): Failure of development
of one Miillerian duct (Figs 4.5B and 4.6E).

D DES-related abnormality (Fig. 4.6C): It is duc
to DES exposure during intrauterine life. Varieties
of malformations are included, e.g. Vagina:
Adenosis, adenocarcinoma. Cervix: Cockscomb
cervix, cervical collar. Uterus: Hypoplasia,
T-shaped cavity, uterine synechiae. Fallopian
tube: Cornual budding, abnormal fimbriae. Such
cases are not seen now.

Clinical features

As previously mentioned, the condition may not
produce any clinical manifestation.

Gynecological

i. Infertility and dyspareunia are often related in
association with vaginal septum.

ii. Dysmenorrhea in bicornuate uterus or due to
cryptomenorrhea (pent up menstrual blood in
rudimentary horn).

iii. Menstrual disorders (menorrhagia, crypto-
menorrhea) are seen. Menorrhagia is due to
increased surface area in bicornuate uterus.

Obstetrical
i. Midtrimester abortion which may be recurrent.
ii. Rudimentary horn pregnancy may occur due to
transperitoneal migration of sperm or ovum from
the opposite side. Cornual pregnancy (ectopic)
inevitably ends in rupture around 16th week.
iii. Cervical incompetence.

iv. Increased incidence of malpresentation—
transverse lie in arcuate or subseptate, breech in
bicornuate, unicornuate or complete septate uterus.

v. Preterm labor, IUGR, IUD.
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Fig. 4.6A: Hysteroscopic view of a septate uterus Fig. 4.6B: Ultrasonographic view of a septate
uterus

Fig. 4.6C: Hysterographic view of T-shaped | Fig. 4.6D: 124iSI2MI-UKIO 315 27 Iy IH0dzIS dziShiza 02yUNY SR
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Fig. 4.6: Hysteroscopic (A); Ultrasonographic (B); Hysterographic diagnosis of
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vi. Prolonged labor—due to incoordinate uterine
action.

vii. Obstructed labor—obstruction by the nongravid
horn of the bicornuate uterus or rudimentary horn.

viii. Retained placenta and postpartum hemorrhage
where the placenta is implanted over the uterine
septum.

Diagnosis: Internal examination reveals septate vagina
and two cervices. Passage of a sound can diagnose two
separate cavities. In fact in significant number of cases,
the clinical diagnosis is made during uterine curettage,
manual removal of placenta or cesarean section. For
exact diagnosis of the malformation, internal as well as
external architecture of the uterus must be visualized.
For this reason several investigations in different
combinations are done, such as hysterography (see
p- 588), hysteroscopy (see p. 619), laparoscopy
(see p. 121), ultrasonography (vaginal probe) (Fig.
4.6B) and magnetic resonance imaging (MRI).
Ultrasonography and MRI are noninvasive procedures.
Urological tract is also evaluated at the same time.
The renal tract abnormality in association with
Miillerian abnormality is about 40%. Skeletal
system anomaly (12%) is also associated.

Treatment: Mere presence of any uterine
malformation per se is not an indication of surgical
intervention.

Reproductive outcome: Better obstetric outcome in
septate uterus (86%), bicornuate uterus (50%) has
been mentioned. Unicornuate uterus has very poor
(40%) pregnancy outcome. No treatment is generally
effective. Uterus didelphys has best possibility of
successful pregnancy (64%). Unification operation
is generally not needed. Other causes of infertility or
recurrent fetal loss must be excluded.

=  Rudimentary horn should be excised to reduce
the risk of ectopic pregnancy (8%)

= Unification operation (bicornuate/septate
uterus) is, therefore, indicated in otherwise
unexplained cases with uterine malformation.
Abdominal metroplasty could be done either by
excising the septum (Strassman, Jones, and Jones)
or by incising the septum (Tompkins). Success rate

of abdominal metroplasty in terms of live birth is

high (5-75%).

Hysteroscopic metroplasty is more commonly
done. Resection of the septum can be done either by a
resectoscope or by laser (see p. 622). Advantages are:
(a) High success rate (80-89%), (b) Short hospital
stay, (¢) Reduced postoperative morbidity (infection
or adhesions), and (d) Subsequent chance of vaginal
delivery is high compared to abdominal metroplasty
where cesarean section is mandatory.

ABNORMALITIES OF THE
FALLOPIAN TUBES

The tubes may be unduly elongated; may have
accessory ostia or diverticula. Rarely, the tube may
be absent on one side. These conditions may lower
the fertility or favor ectopic pregnancy.

ANOMALIES OF THE OVARIES

There may be streak gonads or gonadal dysgenesis,
which are usually associated with errors of sex
chromosomal pattern. No treatment is of any help.
Accessory ovary (division of the original ovary into
two) may be rarely (1 in 93,000) present. Rarely,
supernumerary ovaries may be found (1 in 29,000)
in the broad ligament or elsewhere. This can explain
a rare event where menstruation continues even after
removal of two ovaries.

WOLFFIAN REMNANT
ABNORMALITIES

The outer end of the Wolffian (Gartner) duct may be
cystic, size of pea, often pedunculated (hydatid of
Morgagni) and attached near the outer end of the tube.
The tubules of the Gartner’s duct may be cystic, the
outer ones are Kobelt’s tubules, the middle set, the
epoophoron and the proximal set, the paroophoron.
Small cyst may arise from any of the tubules. A
cystic swelling from the Gartner duct may appear
in the anterolateral wall of the vagina, which may be
confused with cystocele.
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Fig. 4.7: Parovarian cyst

PAROVARIAN CYST

It arises from the vestigial remnants of Wolffian
tissue situated in the mesosalpinx between the tube
and the ovary. This can attain a big size. The cyst
is unilocular; the wall is thin and contains clear
translucent fluid. The ovarian fimbria with the ovary
is stretched over the cyst (Fig. 4.7). The wall consists
of connective tissue lined by single layer of low
columnar epithelium.

OTHER ABNORMALITIES

LABIA MINORA: Labial fusion: (a) True due to
developmental defect (b) Inflammatory (see p.
543).

LABIA MAJORA: (a) Hyperplastic or hypoplastic
labia. (b) Abnormal fusion in adrenogenital
syndrome (see p. 440).

CLITORIS: Clitorial hypertrophy—often associated
with various intersex problems (see p. 440).

PERINEUM: Perineum differentiates from
the area of contact between the urorectal
septum (mesoderm) and the dorsal wall of
cloaca (endoderm) at about 7th week. This
site of contact between the two is the perineal
body. Malformations of the perineum are rare.
Imperforate anus, anal stenosis or fistula are the
result of abnormal development of the urorectal
septum (see p. 41). This is due to the posterior
deviation of the septum as it approaches the
cloacal membrane. Anal agenesis and fistula
are rare. The anal fistula may open into the
posterior aspect of the vestibule of the vagina
(anovestibular fistula see p. 41).

KEY POINTS

> Developmental anomalies of the external genitalia along with ambiguity of sex are usually genetic in origin.

> The clinical features with imperforate hymen usually appear at 14-16 years. Retention of urine may be the first
symptom. Cruciate incision of the hymen is the treatment. Major anatomic defect of the genital tract is usually
associated with normal gonadal function and urinary tract abnormalities.

> While minor abnormality escapes attention, it is the moderate or severe form which will produce gynecologic
and obstetric problems (see p. 45). For exact diagnosis of malformation both the internal and external architecture
of the uterus must be viewed. Failure of fusion of Miillerian ducts may lead to arcuate, bicornuate, septate or
didelphys uterus.

> While gynecological symptoms are far and few but at times, they may produce infertility or obstetric problems
such as recurrent miscarriage, cornual pregnancy, preterm labor or even obstructed labor (see p. 45).

> Presence of uterine malformation per se is not an indication of surgical correction. Unification operation is
indicated in otherwise unexplained cases of infertility or repeated pregnancy wastage. Hysteroscopic metroplasty
has got many advantages (see p. 47).

> Vaginal agenesis is most commonly due to Mayer-Rokitansky Kuster-Hauser Syndrome. In such a case urologic
(40%) and skeletal (12%) anomalies are associated. Treatment may be nonsurgical or surgical (see p. 44).

> Nearly 15-20% of women with recurrent miscarriage are associated with malformation of the uterus.



Puberty Normal and

Abnormal

PUBERTY

Definition

Puberty in girls is the period, which links childhood
to adulthood. It is the period of gradual development
of secondary sexual characters. There are profound
biological, morphological, and psychological changes
that lead to full sexual maturity and eventually fertility.

Morphological Changes

As described by Tanner and Marshall, five important
physical changes are evident during puberty. These
are breast, pubic and axillary hair growth, growth
in height, and menstruation. Most of the changes
occur gradually but only the menarche can be dated.
Moreover, there is a lot of variations in the timing of
the events. The most common order is beginning
of the growth spurt — breast budding (thelarche)
— pubic and axillary hair growth (adrenarche) —
peak growth in height — menstruation (menarche).
All these changes are usually completed between the
age of 10 and 16 years.

Important controlling factors for onset of puberty
are genetic, nutrition, body weight, psychologic state,
social and cultural background, exposure to light
and others. A girl, living in urban areas with good
nutrition, adequate body weight and whose mother
and sisters have early menarche, starts puberty early.
Blind girls start menarche early.

ENDOCRINOLOGY IN PUBERTY

The levels of gonadal steroids and gonadotropins
are low until the age of 6-8 years. This is mainly
due to the negative feedback effect of estrogen to

the hypothalamic pituitary system (Gonadostat). The
gonadostat remains very sensitive (6—15 times) to
the negative feedback effect, even though the level
of estradiol is very low (10 pg/mL) during that time.
As puberty approaches this negative feedback effect
of estrogen is gradually lost (see p. 77). This results
in some significant changes in the endocrine function
of the girl.

Di Hypothalamopituitary gonadal axis

The GnRH pulses from hypothalamus results in
pulsatile gonadotropin secretion (first during the night
then by the day time).

GnRH — FSH, LH — Estradiol

The tonic and episodic secretion of gonadotropins
in prepubertal period is gradually changed to one of
cyclic release in postpubertal period (details in p. 77,
Fig. 7.6).

D Thyroid gland plays an active role in the
hypothalamopituitary-gonadal axis.

Di Adrenal glands (Adrenarche) increase their
activity of sex steroid synthesis (androstenedione,
DHA, DHAS) from about 7 years of age. Increased
sebum formation, pubic and axillary hair and
change in voice are primarily due to adrenal
androgen production.

)i Gonadarche: Increased amplitude and frequency
of GnRH — T secretion of FSH and LH — ovarian
follicular development — T estrogen. Gonadal
estrogen is responsible for the development of
uterus, vagina, vulva and also the breasts (see
p- 50).

Di Leptin, a peptide, secreted in the adipose tissue is
also involved in pubertal changes and menarche
(see p. 460).
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Menarche

The onset of first menstruation in life is called
menarche. It may occur anywhere between 10 and
16 years, the peak time being 13 years. There is
endometrial proliferation due to ovarian estrogen but
when the level drops temporarily, the endometrium
sheds and bleeding is visible. It denotes an intact
hypothalamo-pituitary-ovarian axis, functioning
ovaries, presence of responsive endometrium to
the endogenous ovarian steroids and the presence
of a patent uterovaginal canal. The first period is
usually anovular. The ovulation may be irregular
for a variable period following menarche and may
take about 2 years for regular ovulation to occur. The
menses may be irregular to start with.

Growth

Growth in height in an adolescent girl is mainly due
to hormones. The important hormones are growth
hormone, estrogen and insulin like growth factor-1
(IGF-1). The bone or skeletal age is determined by
X-ray of hand or knee.

Genital Organ Changes

Ovaries change their shape, the elongated shape
becomes bulky and oval. The ovarian bulk is due to
follicular enlargement at various stages of develop-
ment and proliferation of stromal cells.

The uterine body and the cervix ratio at birth
is about 1 : 2, the ratio becomes 1 : 1 when menarche
occurs. Thereafter, the enlargement of the body occurs
rapidly, so that the ratio soon becomes 2: 1 (Fig. 5.1).

TABLE 5.1 TANNER STAGES OF PUBERTAL DEVELOPMENT IN GIRLS

Stage Breast Pubic hair
Stage | Prepubertal state, elevation of papilla only No pubic hair present
Stagelll Breast buds and papilla slightly elevated, and Sparse, long hair on either majora. (Median age:
side of labia areola begins to enlarge. (Median 10.5 years)
age: 9.8 years)
Stage lll Further enlargement of entire breast tissue Darker, coarser and curly hair over the mons
pubis
StagelV | Secondary mound of areola and papilla Adult type hair covering the mons only. (Median
projecting above the breast tissue. (Median age: | age: 12.0 years)
12.1 years)
Stage V Areola recessed to general contour of breast. Adult hair with an inverse triangle distribution
(Median age : 14.6 years) (female escutcheon) covering the medial thighs.
(Median age: 13.7 years)

BIRTH

MEMARCHE
25 YFARS

MULLEPARCUS

Fig. 5.1: Changes in the size of the uterus from birth to 75 years of age.
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The vaginal changes are more pronounced. A few
layers of thin epithelium in a child become stratified
epithelium of many layers. The cells are rich in
glycogen due to estrogen. Doderlein’s bacilli appear
which convert glycogen into lactic acid; the vaginal
pH becomes acidic, ranging between 4 and 5.

The vulva is more reactive to steroid hormones.

The mons pubis and the labia minora increase
in size.

Breast changes are pronounced. Under the
influence of estrogen, there is marked proliferation
of duct systems and deposition of fat. The breast
becomes prominent and round. Under the influence
of progesterone, the development of acini increases
considerably.

Tanner staging: According to Tanner, breast and
pubic hair development at puberty are divided into
five stages (Table 5.1).

COMMON DISORDERS OF PUBERTY

D Precocious puberty

D Delayed puberty

D Menstrual abnormalities (amenorrhea, meno-
rrhagia, dysmenorrhea)

D Others (infection, neoplasm, hirsutism, etc.) see
Ch. 32.

PRECOCIOUS PUBERTY

DEFINITION

The term precocious puberty is reserved for girls who
exhibit any secondary sex characteristics before the
age of 8 or menstruate before the age of 10.

Precocious puberty may be isosexual where the
features are due to excess production of estrogen. It
may be heterosexual where features are due to excess
production of androgen (from ovarian and adrenal
neoplasm).

TYPES OR CAUSES
The causes are tabulated in the Table 5.2.
ETIOPATHOLOGY

Constitutional

It is due to premature activation of hypothalamo-
pituitary ovarian axis. There is secretion of

TABLE 5.2 § CAUSES OF PRECOCIOUS PUBERTY

GnRH dependent—80% (complete, central,
isosexual or true)

Constitutional—most common

Juvenile primary hypothyroidism

Intracranial lesions—trauma, tumor or infection
Incomplete

Premature thelarche

Premature puberche

Premature menarche

GnRH independent
(precocious pseudopuberty or peripheral)
(Excess estrogen or androgen)

Ovary

Granulosa cell tumor
Theca cell tumor
Leydig cell tumor
Chorionic epithelioma
Androblastoma
McCune-Albright syndrome
Adrenal

Hyperplasia

Tumor

Liver
Hepatoblastoma
latrogenic

Estrogen or androgen intake

gonadotropins and gonadal steroids due to premature
release of GnRH. Bone maturation is accelerated,
leading to premature closure of the epiphysis and
curtailed stature. If menstruation occurs, they may
be ovulatory. The changes in puberty progress in an
orderly sequence.

Intracranial lesions

Meningitis, encephalitis, craniopharyngioma, neuro-
fibroma or any tumor—hypothalamic or pineal gland.

McCune-Albright syndrome is characterized
by sexual precocity, multiple cystic bone lesions
(polyostotic fibrous dysplasia), endocrinopathies
and café-au-lait spots on the skin. Sexual precocity is
due to early and excessive estrogen production from
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the ovaries. FSH, LH levels are low. There may be
associated hyperthyroidism, hyperparathyroidism,
and acromegaly.

Premature thelarche

Itis the isolated development of breast tissue before
the age of 8 and commonly between 2 and 4 years of
age. Either one or both the breasts may be enlarged
(Fig. 5.2). There is no other feature of precocious
puberty. It generally requires no treatment.

Premature pubarche

Premature pubarche is isolated development of
axillary and or pubic hair prior to the age of 8
without other signs of precocious puberty. The
premature hair growth may be due to unusual
sensitivity of endorgans to the usual low level of
hormones in the blood during childhood. Rarely,
there may be signs of excess androgen production

Fig. 5.2: tIS020124:d LizoSui@ ty"I- 3 1-3SR
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due to adrenal hyperplasia or tumor or androgenic
ovarian tumor (Leydig cell tumor, androblastoma,
etc.).

Premature menarche

Premature menarche is an isolated event of
cyclic vaginal bleeding without any other signs of
secondary sexual development. The cause remains
unclear but may be related to unusual endocrine
sensitivity of the endometrium to the low level of
estrogens.

Chorionic epithelioma, hepatoblastoma are the
ectopic sources of human chorionic gonadotropin and
may cause sexual precocity.

DIAGNOSIS

True precocious

Constitutional type is the commonest one but the
rare one is to be kept in mind. The diagnosis is made
by:

0 History of early menarche of mother and sisters
i The pubertal changes occur in orderly sequence
Di Tanner stages

DI No cause could be detected.

The basic investigations, to confirm or to exclude
some pathologic lesions, include:

i X-ray hand and wrist (non-dominant) for bone
age. Acceleration of growth is one of the earliest
clinical features of precocious puberty

i Pelvic sonography to exclude ovarian pathology

i Skull X-ray, CT scan, or MRI brain—to exclude
intracranial lesion

D Serum hCG, FSH, LH
i Thyroid profile (TSH, T4)

DI Serum estradiol, testosterone, 17 OH proge-
sterone, dehydroepiandrosterone (DHEA).

i Electroencephalogram.

Premature thelarche

Di Somatic growth pattern is not accelerated
i Bone age is not advanced

i Nipple development is absent

i Vaginal smear shows negative estrogen effect.
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Premature pubarche

It may be due to adrenal or ovarian mischief. As such,
the investigations are directed accordingly.

DI  An ovarian enlargement may not be palpable
clinically. Examination under anesthesia or
sonography is helpful

Di IVPorCT scan is required to detect adrenal tumor.

Di Estimations of serum 17 U-hydroxyprogesterone,
DHEA-S and serum testosterone are to be done in
suspected cases of adrenal mischief—hyperplasia
or tumor.

If nothing abnormal is detected, then the diagnosis of
idiopathic pubarche is made.

Premature menarche

The other causes of vaginal bleeding, such as foreign
body or injury has to be excluded. If the bleeding is
cyclic, the diagnosis is confirmed.

Remarks

Investigations must be carried out to rule out any
pathology in the CNS, ovary, and adrenal. It should
be borne in mind that even in cases when no cause can
be detected in any of the types mentioned, the periodic
evaluation at 6 monthly intervals is to be made to
detect any life-threatening pathology at the earliest.

TREATMENT

The treatment depends upon the cause. The exogen-
ous estrogen therapy or its inadvertent intake should
be stopped forthwith. Cortisone therapy for adrenal
hyperplasia and surgery to remove the adrenal or
ovarian tumor eliminate the excess source of either
androgen or estrogen. The intracranial tumor requires
neurosurgery or radiotherapy. Primary hypothyroidism
needs thyroid replacement therapy.

CONSTITUTIONAL OR IDIOPATHICTYPE

The goals are:

D To reduce gonadotropin secretions.

D To suppress gonadal steroidogenesis or coun-
teract the peripheral action of sex steroids.

D To decrease the growth rate to normal and slowing
the skeletal maturation.

D To protect the girl from sex abuse.

The drugs used are:

D GnRH agonist therapy arrests the pubertal
precocity and growth velocity significantly. The
agonists suppress the premature activation of
hypothalamopituitary axis due to down regulation
and thereby diminished estrogen secretion.
GnRH agonist therapy is the drug of choice
in cases with GnRH dependent precocious
puberty. Therapy should be started as soon
as the diagnosis is established. GnRH agonist
therapy suppresses FSH, LH secretion, reverses
the ovarian cycle, establishes amenorrhea,
causes regression of breast, pubic hair changes,
and other secondary sexual characteristics. This
drug should be continued till the median age of
puberty (see p. 49).

Dose: Buserelin nasal spray 100 pig daily. It can slow
down the process of skeletal maturation. Depot forms
(goserelin or leuprolide) once a month can be used
(see p. 525). Dose is adjusted to maintain the serum
estradiol below 10 pg/mL.

)i Medroxyprogesterone acetate—30 mg daily
orally or 100-200 mg. IM weekly to suppress
gonadal steroids. It can suppress menstruation
and breast development but cannot change the
skeletal growth rate.

)i Cyproterone acetate—It acts as a potent
progestogen, having agonist effects on proge-
sterone receptors.

Dose—70-100 mg/m?/day orally for 10 days starting
from 5th day of cycle.

Di Danazol—It produces amenorrhea and arrest
breast development. But there is no effect on
growth rate or skeletal maturation.

Duration of therapy

The drugs should be used up to the age of 11 years.
However, individualization is to be done.

PROGNOSIS

Prognosis varies considerably depending on the
etiology. Overall prognosis is good with primary
hypothyroidism, adrenal or ovarian tumors following
treatment. For the CNS group, prognosis depends on
neurological involvement and treatment outcome.
Apart from the short stature due to accelerated bone
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maturation, the idiopathic group have got a normal
menstrual pattern in future. The fertility rate is also
expected to be normal.

DELAYED PUBERTY

Puberty is said to be delayed when the breast tissue
and/or pubic hair have not appeared by 13-14
years or menarche appears as late as 16 years.
The normal upper age limit of menarche is 15 years.

TABLE 5.3 J CAUSES OF DELAYED PUBERTY

¢ Hypergonadotropic hypogonadism (see p. 453)
- Gonadal dysgenesis, 45 XO
— Pure gonadal dysgenesis 46 XX, 46 XY
— Ovarian failure 46 XX

¢ Hypogonadotropic hypogonadism (see p. 451)
- Constitutional delay
— Chronic illness, malnutrition
- Primary hypothyroidism
- Isolated gonadotropin deficiency (Kallmann's
syndrome)
- Intracranial lesions—tumors:
craniopharyngioma, pituitary adenomas
¢ Eugonadism
- Anatomical causes (see Ch. 4)
Miillerian agenesis
Imperforate hymen
Transverse vaginal septum
- Androgen insensitivity syndrome

Treatment

Treatment is directed according to the etiology.
Assurance, improvement of general health and
treatment of any illness may be of help in non-
endocrinal causes. Cases with hypogonadism may
be treated with cyclic estrogen. Unopposed estrogen
0.3 mg (conjugated estrogen) daily is given for first
6 months. Then combined estrogen and progestin,
sequential regimen is started (see Ch. 6). Cases of
hypergonadotropic hypogonadism should have
chromosomal study to exclude intersexuality (see
p. 439).

PUBERTY MENORRHAGIA

Menstrual abnormality in adolescents are common.
The periods may be heavy, irregular or scanty initially.

Eventually the majority of these teenaged girls
establish a normal cycle and are fertile.

The important causes of menorrhagia are:

i. Dysfunctional uterine bleeding (95%). Ano-
vulatory cycles — unopposed estrogen —
endometrial hyperplasia — prolonged and heavy
periods (see p. 189).

ii. Endocrine dysfunction:

Di Polycystic ovary syndrome (PCOS, see p.
459).
Di  Hypo- or hyperthyroidism.
iii. Hematological:
0 Idiopathic thrombocytopenic purpura (see
p. 185).
02 Von-Willebrand’s disease (see p. 185).
i Leukaemia.
iv. Pelvic tumors:
i Fibroid uterus (see p. 272).
Di Sarcoma botryroides (see p. 369).

Di Estrogen producing ovarian tumor (see p.
384, 385).

v. Pregnancy complications (abortion).

Diagnosis is made by careful history taking and
thorough clinical examination.

Evaluation is especially indicated if the menstrual
interval is < 22 days or > 44 days, lasts longer than
one week or the bleeding is too heavy that anemia
develops.

Investigations are planned according to the
clinical diagnosis. Investigations include, routine
hematological examination, including bleeding time,
clotting time, platelet count. Thyroid profile (TSH, T,,
T,), clotting profile, and imaging study of the pelvis
by ultrasonography may be needed. EUA and uterine
curettage are rarely needed to exclude any pelvic
pathology (pregnancy complications). The curetted
material is sent for histopathological study.

Management: The girl needs adequate explanation,
reassurance and psychological support. Rest and
correction of anemia are helpful in majority of the
cases.

Therapy with hematinics or even blood trans-
fusion may be needed. In refractory cases, proge-
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stogens, such as medroxyprogesterone acetate or
norethisterone 5 mg thrice daily is given till bleed-
ing stops. Usually, the bleeding is controlled within
3-7 days. Medication is continued for 21 days.
The condition usually becomes normal following
2-3 courses and then normal cycles resume. In

emergency, conjugated equine estrogen 20—40 mg
IV is given every 6-8 hours. Once the bleeding is
controlled, combined oral pills are started (Flowchart
5.1).

Regular menstrual cycle will be established once
the hypothalamo-pituitary-ovarian axis is matured.
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KEY POINTS

> Puberty in girls is the period that binds childhood to adulthood.

The most common order of changes is beginning of growth spurt — Enlargement of the breast buds —
Appearance of pubic hair —» Axillary hair - Peak growth in height - Menstruation (menarche).

Uterine body and cervix ratio becomes 1 : 1 at menarche from 1 : 2 at birth. The ratio is 2 : 1 in adult.

> The term precocious puberty is reserved to those who exhibit any secondary sex characteristic before the age
of 8 or menstruate before the age of 10. The common cause being constitutional.

The exact etiology of GnRH dependent (true) precocious puberty is not known. Central nervous system disease
may be present in nearly 30% of cases. GnRH independent (pseudo) precocious puberty is mostly related to an
ovarian or adrenal pathology.

> Life-threatening neoplasms (ovary, adrenal or CNS system) must be ruled out when a girl with precocious
puberty is seen.

> The basic investigations include X-ray hand and wrist for bone age, pelvic sonography, skull X-ray, CT or MRI
brain and electroencephalogram. Serum levels of FSH, LH, hCG, thyroid profile, 17 OH progesterone and
testosterone are measured.

> The primary aim of management for a girl with precocious puberty is to (i) reduce the secretion of gonadotropins.
(ii) block the peripheral action of sex steroids and (iii) slow down the growth rate, including skeletal maturation.

> GnRH agonist is the drug of choice. It suppresses FSH, LH secretion, reverses ovarian cycle, establishes
amenorrhea, causes regression of breast, pubic hair changes and other secondary sexual characteristics (see p. 53). |

The other drugs used for constitutional type to suppress the premature activation of hypothalamo-pituitary—
gonadal axis are—medroxyprogesterone acetate, cyproterone acetate, and danazol.

> Delayed puberty is said to occur when the breast tissues and/or pubic hair have not appeared by 13-14 years
or menarche as late as 17 years.

> Opvarian failure and chromosomal anomalies are the common causes of delayed puberty. Estimation of serum
gonadotropins is important to differentiate hypogonadotropic from hypergonadotropic causes (Table 5.3).

> Initial periods may be excessive due to anovulation.

> Menstruation just after puberty and just before menopause are mostly anovulatory and often irregular in
frequency.

> The important cases of puberty menorrhagia are: DUB, PCOS, thyroid disorders, hematological, pelvic tumors
or pregnancy complications (see p. 54).

> Pubertal menorrhagia should be treated with rest, assurance, hematinics and blood transfusions. Hypothyroidism
and thrombocytopenic purpura are to be excluded. Pelvic ultrasonography is needed to exclude any organic
lesion. In refractory cases, progestins or conjugated estrogen are effective failing which, EUA and uterine
curettage are to be done. The materials should be histologically examined.



Menopause

DEFINITION

Menopause means permanent cessation of men-
struation at the end of reproductive life due to loss of
ovarian follicular activity. It is the point of time when
last and final menstruation occurs.

The clinical diagnosis is confirmed following
stoppage of menstruation (amenorrhea) for twelve
consecutive months without any other pathology. As
such, a woman is declared to have attained menopause
only retrospectively. Premenopause refers to the
period prior to menopause, postmenopause to the
period after menopause and perimenopause to the
period around menopause (40-55 years).

Climacteric is the period of time during which
a woman passes from the reproductive to the non-
reproductive stage. This phase covers 5-10 years on
either side of menopause.

Perimenopause is the part of the climacteric
when the menstrual cycle is likely to be irregular.

Postmenopause is the phase of life that comes
after the menopause.

AGE OF MENOPAUSE

Age at which menopause occurs is genetically
predetermined. The age of menopause is not
related to age of menarche or age at last pregnancy.
It is also not related to number of pregnancy,
lactation, use of oral pill, socioeconomic condition,
race, height or weight. Thinner women have early
menopause. However, cigarette smoking and severe
malnutrition may cause early menopause. The age
of menopause ranges between 45-55 years, average
being 50 years.

CLINICAL IMPORTANCE

Due to increased life expectancy, specially in affluent
society, about one-third of life span will be spent
during the period of estrogen deprivation stage with
long-term symptomatic and metabolic complications.

ENDOCRINOLOGY OF CLIMACTERIC
AND MENOPAUSE

Hypothalamopituitary Gonadal Axis

Few years prior to menopause, along with depletion
of the ovarian follicles, the follicles become resistant
to pituitary gonadotropins. As a result, effective
folliculogenesis is impaired with diminished estradiol
production. There is a significant fall in the level
of serum estradiol from 50-300 pg/mL before
menopause to 10-20 pg/mL after menopause.
This decreases the negative feedback effect on
hypothalamopituitary axis resulting in increase in
FSH. The increase in FSH is also due to