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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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Fig. 1.1: The virginal vulva
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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

Stratified
Columnar  squamous Blood
epithelium  epithelium vessel

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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Fig. 1.4: (A) Relation of the anterior and posterior vaginal wall; (B) ‘H’ shaped on cross-section
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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

Peritoneum
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Vagina

Fig. 1.5: Mid-sagittal section of the female pelvis showing relative position of the pelvic organs
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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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Bladder

Bulbocavernosus muscle

Left ureter

Left uterine artery

Venous plexus

Left lateral fornix
opened
Pouch of Douglas

Rectum

Vagina
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Fig. 1.6: Lateral relation of vagina

Bartholin's gland
Vestibular bulb
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Fig. 1.7: Structure of vaginal wall

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).

ESTROGEN | EPITHELIUM GLYCOGEN pH FLORA
STERILE
BIRTH TO + + ACID DODERLEIN'S BACILLI
2 WEEKS 4-5 SECRETION ABUNDANT
= = ALKALINE DODERLEIN'S BACILLI
2 WEEKS TO
PREPUBERTY >7 ABSENT
SECRETION SCANT
ALKALINE SPARSE, COCCAL
PREPUBERTY APPEARS -+ i 1
ACID RICH BACILLARY
DODERLEIN'S BACILLI
APPEAR
REPRODUCTIVE ++ + ACID
PERIOD 4-5
SECRETION ABUNDANT
NEUTRAL DODERLEIN'S BACILLI
OR ABSENT
- ALKALINE
+ —= _
agﬁBPAUSE 6->7 SECRETION SCANT

Fig. 1.8: Estrogenic effect on vaginal epithelium and flora at different ages




Chapter 1 < ANATOMY OF THE FEMALE PELVIC ORGANS 7

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

/ \jfundus

£
(&}
L:':‘ Anatomical
2 internal os
& |Body
U .
gag s Histological
it internal os
Isthmus { N ____
(0.5 cm) Supravaginal
Cervi portion
ervix : o
(2.5cm) Portio vaginalis

External os

Fig. 1.9: Coronal section showing different
parts of uterus

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).

e Body or corpus e Isthmus ¢ 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
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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

Anastomosis with
ovarian artery

Azygos
arteries to
the vagina

Descending
cervical branch

Fig. 1.10: The relation of the ureter to the uterine artery

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:

¢ 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.

¢ 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.

¢ 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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Interstitial Isthmus
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Fig. 1.13: Cut section of the tube showing complex mucosal pattern
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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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Common iliac artery

Psoas muscle

External iliac artery
and vein

Obliterated umbilical
and superior vesical artery

Obturator nerve

Obturator artery

Inferior epigastric artery

Round ligament

Fig. 1.14: The structures in the lateral pelvic wall of ovarian fossa
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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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Fig. 1.15: Histological structures of the ovary
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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 flows
into the urethra (Fig. 1.16).

2. The wall of the urethra is composed of invo-
luntary muscles and the fibers are arranged in the
form of crossed spirals. The fibers 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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Involuntary
intrinsic muscle

Voluntary external
sphincter

Fig. 1.16: Urethral sphincters

3. Sphincter urethra in the urogenital diaphragm.
This sphincter allows the voluntary arrest of urine
flow.

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

5. Superficial 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.

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:

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

¢ \oluntary 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. Superficial 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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Fig. 1.17: Rectum and anal canal with anal structures
Venous drainage PELVIC FLOOR

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.

(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
fill all the available spaces.

3. Ureter lies on the floor 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.

Pubis

Anus

Anococcygeal Sacrum

raphe

Fig. 1.18: Levator ani muscles viewed from above

Urogenital diaphragm
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Ischiococeygeus

Pyriformis
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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 floor.

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.

Supra levator space

Obturator muscle

Vagina

Bulbocavernosus

Superficial
perineal pouch

Superficial fascia
(Fatty layer)

Labium majus

Fig. 1.19: Schematic diagram showing pelvic muscles, fascia and cellular tissue as seen from the front
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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:

¢ 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.

¢ 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

¢ Asitis the 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.

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

¢ Vaginal ligation is done through opening the
pouch.

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

¢ 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:

¢ Fallopian tube.

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

¢ Nerves and lymphatics from the uterus, Fallopian
tube and ovary.

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

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

¢ 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.

¢ 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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Fig. 1.20: The main supporting ligaments of the uterus viewed from above
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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

¢ Anterior division of internal iliac artery
¢ Ovarian artery
¢ 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:
¢ Ureteric—as it crosses it

¢ Descending cervical

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

¢ 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-
ficial portion of the endometrium and ends
finally 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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BRANCHES OF INTERNAL ILIAC ARTERY

!

Posterior division

}

Anterior division
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vesical vesical rectal
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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.

Arcuate artery

Basal
artery

Spiral
artery

Capillary
plexus

Venous
lake

Gland

Basal artery
Uterine artery

Fig. 2.1: (A) Showing pattern of basal and spiral arteries in the endometrium;
(B) Internal blood supply of the uterus

Endometrium

Perimetrium

Myometrium
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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:
¢ There is a tendency to form plexuses
¢ The plexuses anastomose freely with each other

¢ The veins may not follow the course of the artery

¢ 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.

External
iliac

Round / iliac
ligament i |
i 1
1 ]
\ /l
Cervical A
Superficial lymphatics S—-—
inguinal Intrinsic plexus

Fig. 2.2: Schematic representation of the lymphatic
drainage of the body of uterus

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 —
superficial 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.

2. Internal iliac group.

3. Obturator group.

4. External iliac—anterior and medial group.
5

Sacral group.

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).

D The lymphatics of each side freely communicate
with each of them

D The lymphatics hardly cross beyond the labiocrural
fold
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Fig. 2.3: Schematic representation of the lymphatic drainage of the cervix
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Fig. 2.4: Schematic representation of the vulval

lymphatics

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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Fig. 2.5: Diagram showing nerve supply of the internal genital organs
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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-

Genital
tubercle

Genital
folds

Urogenital
slit

Labioscrotal
swelling
50 mm
stage

17 mm
stage

.\

Fig. 3.1: Diagrammatic representation showing differentiation of the female external genitalia
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Urogenital
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Labioscrotal
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At birth
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Fig. 3.2: Diagrammatic representation showing develop-
ment of male reproductive systems from the primitive
genital ducts. Vestigial structures are also shown (see
p. 39)

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).

¢ Clitoris is developed from the genital tubercle.

¢ Labia minora are developed from the genital
folds.

¢ Labia majora are developed from the genital
swellings.

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

¢ 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).

Appendix vesiculosa

(after descent)

Urinary Epoophoron
bladder 5 — Uterine tube %
Ureter \L\/ K ot
N ydati
Uterus Paroophoron (of Morgagni)
/ Tract of Round ligament — Gartner’s
i Round ' = mesonephric duct cysts
igament v | = 3 duck inguinal [
f ut \ / Hel R
oriuterus Vaginal plate canal ——~*— Gartner’s duct
Urethra ?4‘/\/ GraAlEF =
Paraurethral vestibular Labium
glands gland majus Hymen  Vagina B
D Urogenital sinus - Mesonephric duct D Paramesonephric duct

Fig. 3.3: Diagrammatic representation showing development of female reproductive systems from the
primitive genital ducts. Vestigial structures are also shown. (A) Female fetus at 12 weeks; (B) Newborn female
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FALLOPIAN TUBES 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).

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.

VAGINA

UTERUS

Development of vagina is composite, partly from
Uterus is developed by the fusion of the inter- the Miillerian (paramesonephric) ducts and partly
mediate horizontal and the adjoining vertical part from the urogenital sinus.
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.

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).

When the Miillerian ducts approach each other in The paramesonephric ducts shortly undergo
the midline, a broad transverse fold is established. It ~fusion with each other and the partition between
extends from the lateral side of the fused Miillerian ~them disappears. The united lower vertical parts
ducts up to the lateral pelvic walls, which is named form the uterovaginal canal and the fused Miillerian
as Broad ligament. All the vestigial remnants of tubercles form the Miillerian eminence. The
mesonephric tubules, i.e. epoophoron (situated above ~ unfused cranial part of each paramesonephric duct

BROAD LIGAMENT

Fallopian Metane- Urinary bladder Kidney

Urogenital sinus Mesonephric duct Allantois Ovary tube phros

Mullerian
tubercle

Genital Urorectal Urogenital
tubercle septum B sinus Rectum  Ureter Clitoris ~ Vagina Uterus [0

Fig. 3.4: Schematic representation of the development of genitourinary system (internal genital organs)

(A) Formation of Mullerian tubercle; (B) Earliest development of vaginal plate and mesonephric duct; (C & D)

Further development of the paramesonephric ducts and urorectal septum, permanent (metanephric) kidney and

urogenital sinus: (a) vesical (b) pelvic and (c) phallic parts, urinary bladder and anorectal canal
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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.

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

¢ The musculature is developed from the
mesoderm of the fused caudal vertical part of
the Miillerian ducts.

¢ 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.

DEVELOPMENT OF THE OVARY

Site
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Fig. 3.5: Differentiation of the indifferent gonads into ovary and testis with migration of the germ cells
into the genital ridge (TDF = Testicular Determining Factor)
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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.

Q 5th week

Undifferentiated
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Fig. 3.6: Schematic representation of the development of the reproductive system in the male and female
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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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Hematosalpinx

Hematometra

Hematocolpos

Imperforated
hymen

Fig. 4.1: Hematocolpos and hematometra due to
imperforate hymen. Note the elongation of the urethra
due to distension of the vagina by blood

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

[—i] vaginal pouch is created from skin

flaps of labia majora in the midline.

Mare Infi

This is not done these days.

dedutta.com

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).
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Cervicovaginal Uterus Uterus Uterus Uterus Rudimentary
agenesis unicornis didelphys bicornis unicollis septus horn
(non-communicating)
(A (B D) (E | F

Figs 4.5A to F: Malformations of the Miillerian 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.



46 TEXTBOOK OF GYNECOLOGY

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: Hysterographic view of an arcuate uterus confirmed
hypoplastic uterus—consistent with in utero- by laparoscopy
exposure to DES (p. 44)

Fig. 4.6E: Unicornuate uterus Fig. 4.6F: Bicornuate uterus confirmed by
laparoscopy
Fig. 4.6: Hysteroscopic (A); Ultrasonographic (B); Hysterographic diagnosis of
congenital malformations of uterus (C, D, E and F)
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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.

¢ 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).
¢ Thyroid gland plays an active role in the

hypothalamopituitary-gonadal axis.

¢ 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.

¢ 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).

¢ 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 MENARCHE

25 YEARS

19

NULLIPAROUS

Fig. 5.1: Changes in the size of the uterus from birth to 75 years of age.
Note the change in the relation of the cervix to the body

LA

MENOPAUSE 75 YEARS

55 YEARS
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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: Precocious puberty in a girl aged
2 years and 3 months

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

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

No cause could be detected.

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

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

Pelvic sonography to exclude ovarian pathology

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

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

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

¢ Electroencephalogram.

Premature thelarche

¢ Somatic growth pattern is not accelerated
¢ Bone age is not advanced

¢ Nipple development is absent

¢

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.

¢ An ovarian enlargement may not be palpable
clinically. Examination under anesthesia or
sonography is helpful
IVP or CT scan is required to detect adrenal tumor.

Estimations of serum 17 a-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.

¢ 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.

¢ 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.

¢ 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:

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

¢ 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.

’ Management protocol of puberty menorrhagia ‘

* Rest
* Assurance
* Hematinics

’ Heavy bleeding continues ‘

‘ Admit for investigation |

* Hb%

* Peripheral blood film

* Platelet count

« Clotting factors study

« Ultrasonography for any pelvic pathology
» Thyroid profile in suspected cases

* Blood transfusion, if required

!

Primary
DUB (Majority)

Progestin therapy
(Medroxyprogesterone acetate 10—20 mg/day)

v '

Responsive Unresponsive

l |

Continue Conjugated estrogen
for 2-3 cycles 20-40 mg IV
every 6-8 hours

!

Responsive

Replace therapy with
combined oral pills
containing 50 pg of

estrogen

Unresponsive

EUAandD +C

Biopsy

}

Secondary
to

* Thyroid dysfunction

< ITP

* Leukemia

* Von Willebrand’s disease
» Anatomical disorders

* Pregnancy complications

Appropriate therapy
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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 diminished
inhibin. Inhibin, a peptide, is secreted by the
granulosa cells of the ovarian follicle. The increase
of LH occurs subsequently.

Disturbed folliculogenesis during this period may
result in anovulation, oligo-ovulation, premature
corpus luteum or corpus luteal insufficiency.
The sustained level of estrogens may even cause
endometrial hyperplasia and clinical manifestation of
menstrual abnormalities prior to menopause.

The mean cycle length is significantly shorter. This
is due to shortening of the follicular phase of the cycle.
Luteal phase length remaining constant.

Ultimately, no more follicles are available and
even some exist, they are resistant to gonadotropins.
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Estradiol production drops down to the optimal level
of 20 pg/mL — no endometrial growth — absence of
menstruation.

Estrogens

Following menopause, the predominant estrogen
is estrone and to a lesser extent estradiol. Serum
level of estrone (30-70 pg/mL) is higher than that
of estradiol (10-20 pg/mL). The major source of
estrone is peripheral conversion (aromatization)
of androgens from adrenals (mainly) and ovaries.
The aromatization occurs at the level of muscle
and adipose tissue. The trace amount of estradiol
is derived from peripheral conversion of estrone
and androgens. Compared to estradiol, estrone is
biologically less (about one-tenth) potent.

With times, the sources fail to supply the precursors
of estrogen and about 5-10 years after menopause,
there is a sharp fall in estrogen and also the trophic
hormones. The woman is said to be in a state of true
menopause.

Androgens: After menopause, the stromal cells of
the ovary continue to produce androgens because of
increase in LH. The main androgens are androste-
nedione and testosterone. Though the secretion of
androgens from postmenopausal ovary are more, their
peripheral levels are reduced due to conversion of
androgens to estrone in adipose tissue. However, the
cumulative effect is a decrease in estrogen: androgen
ratio. This results in increased facial hair growth and
change in voice.

As the obese patient converts more androgens into
estrone, they are less likely to develop symptoms of
estrogen deficiency and osteoporosis. But, they are
vulnerable to endometrial hyperplasia and endometrial
carcinoma.

Progesterone: A trace amount of progesterone
detected is probably adrenal in origin.

Gonadotropins

The secretions of both FSH and LH are increased
due to absent negative feedback effect of estradiol
and inhibin or due to enhanced responsiveness
of pituitary to GnRH. Rise in FSH is about 10-20
fold whereas that of LH is about 3-fold. GnRH
pulse section is increased both in frequency and
amplitude. During menopause, there is fall in the

level of prolactin and inhibin. Fall in the level of
inhibin (see ch. 7), lead to increase in the level of
FSH from the pituitary. Ultimately, due to physiologic
aging GnRH and both FSH, LH decline along with
decline of estrogens.

ORGAN CHANGES

Ovaries shrink in size, become wrinkled and white.
There is thinning of the cortex with increase in
medullary components. There is abundance of stromal
cells which have got secretory activity.

Fallopian tubes show feature of atrophy. The
muscle coat becomes thinner, the cilia disappear and
the plicae become less prominent.

The uterus becomes smaller and the ratio between
the body and the cervix reverts to the 1:1 ratio. The
endometrium becomes thin and atrophic. In some
women, however, with high endogenous estrogens,
the endometrium may be proliferative or even
hyperplastic. The cervical secretion becomes scanty.

The vagina becomes narrower due to gradual
loss of elasticity. The vaginal epithelium becomes
thin. The rugae progressively flatten. There is no
glycogen. Doderlein’s bacillus is absent. The vaginal
pH becomes alkaline. Maturation index (parabasal,
intermediate and superficial cells) is 10/85/5.

The vulva shows features of atrophy. The labia
becomes flattened and the pubic hair becomes scantier.
The end result is a narrow introitus.

Breast fat is reabsorbed and the glands atrophy.
The nipples decrease in size. Ultimately, the breasts
become flat and pendulous.

Bladder and urethra undergo similar changes to
those of the vagina. The epithelium becomes thin and
is more prone to damage and infection. There may be
dysuria, frequency, urge or even stress incontinence.

Loss of muscle tone leads to pelvic relaxation,
uterine descent and anatomic changes in the urethra
and neck of the bladder. The pelvic cellular tissues
become scanty and the ligaments supporting the
uterus and vagina lose their tone. As such preexisting
weakness gets aggravated.

BONE METABOLISM

Normally, bone formation (osteoblastic activity) and
bone resorption (osteoclastic activity) are in balance
depending on many factors (age, endocrine, nutrition,
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and genetic). Following menopause, there is loss of
bone mass by about 3—5% per year. This is due to
deficiency of estrogen. Osteoporosis is a condition
where there is reduction in bone mass but bone
mineral to matrix ratio is normal.

Osteopenia (WHO) refers to bone mineral density
(BMD) that is >1.0 to < 2.5 standard deviation (SD) below
the young adult mean bone mass (“T” score). Osteoporosis
is >2.5 SD below the young adult mean. A “Z” score is
the BMD of the patient compared to average bone mass
for same age sex and weight. A“Z” score >ISD below the
mean is abnormal. Postmenopausal woman runs a high
risk for fracture of bones due to osteoporosis. Parathyroid
hormone (PTH) and IL-I are involved in osteoporosis.
Estrogen prevents osteoporosis by several mechanisms. It
inhibits osteoclastic activity and inhibits release of IL-I by
monocytes. Estrogen increases absorption of calcium from
the gut, stimulates calcitonin secretion from the C cells of
the thyroid and increases 1, 25 dihydroxy vitamin D. All
these lead to increased bone mineralization.

CARDIOVASCULAR SYSTEM

Risk of cardiovascular disease is high in post-
menopausal women due to deficiency of estrogen.
Estrogen prevents cardiovascular disease by
several ways. It increases HDL (particularly HDL 2)
and decreases LDL and total cholesterol. It inhibits
platelet and macrophage (foam cell) aggregation at the
vascular intima. It stimulates the release of nitric oxide
(NO) and prostacycline from vascular endothelium to
dilate the blood vessels. It prevents atherosclerosis by
its antioxidant property.

MENSTRUATION PATTERN PRIORTO
MENOPAUSE

Any of the following patterns are observed:
i. Abrupt cessation of menstruation (rare).

ii. Gradual decrease in both amount and duration. It
may be spotting or delayed and ultimately lead to
cessation.

iii. Irregular with or without excessive bleeding.
One should exclude genital malignancy prior to
declare it as the usual premenopausal pattern.

MENOPAUSAL SYMPTOMS

In majority, apart from cessation of menstruation, no
more symptoms are evident. In some women

symptoms appear. The important symptoms and
the health concerns of menopause are:

Vasomotor symptoms
Urogenital atrophy
Osteoporosis and fracture
Cardiovascular disease
Cerebrovascular disease
Psychological changes
Skin and Hair

Sexual dysfunction

* © & & o o o o o

Dementia and cognitive decline.

Vasomotor symptoms: The characteristic sym-
ptom of menopause is “hot flush”. Hot flush is
characterized by sudden feeling of heat followed by
profuse sweating. There may also be the symptoms
of palpitation, fatigue and weakness. The physiologic
changes with hot flushes are perspiration and
cutaneous vasodilatation. Both these two functions
are under central thermoregulatory control. Low
estrogen level is a prerequisite for hot flush.
Hot flush coincides with GnRH pulse secretion
with increase in serum LH level. It may last for
1-10 minutes, and may be at times unbearable.
Sleep may be disturbed due to night sweats. The
thermoregulatory center in association with
GnRH center in the hypothalamus is involved in
the etiology of hot flush. Gonadotropins (LH) are
thought be involved.

Genital and urinary system: Steroid receptors have
been identified in the mucous membrane of urethra,
bladder, vagina and the pelvic floor muscles. Estrogen
plays an important role to maintain the epithelium
of vagina, urinary bladder and the urethra. Estrogen
deficiency produces atrophic epithelial changes in
these organs. This may cause dyspareunia and dysuria.

Vagina: Minimal trauma may cause vaginal bleeding.
Dyspareunia, vaginal infections, dryness, pruritus and
leucorrhea are also common. The urinary symptoms
are: urgency, dysuria and recurrent urinary tract
infection and stress incontinence.

Sexual dysfunction: Estrogen deficiency is often
associated with decreased sexual desire. This may be
due psychological changes (depression anxiety) as
well as atrophic changes of the genitourinary system.
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Skin and hair: There is thinning, loss of elasticity
and wrinkling of the skin. Skin collagen content and
thickness decrease by 1-2% per year. “Purse string”
wrinkling around the month and “crow feet” around
the eyes are the characteristics. Estrogen receptors
are present in the skin and maximum are present in
the facial skin. Estrogen replacement can prevent this
skin loss during menopause. After menopause, there is
some loss of pubic and axillary hair and slight balding.
This may be due to low level of estrogen with normal
level of testosterone.

Psychological changes: There is increased frequency
of anxiety, headache, insomnia, irritability dysphasia
and depression. They also suffer from dementia, mood
swing and inability to concentrate. Estrogen increases
opioid (neurotransmitter) activity in the brain and is
known to be important for memory.

Dementia: Estrogen is thought to protect the
function of central nervous system. Dementia and
mainly Alzheimer disease are more common in
postmenopausal women.

Osteoporosis and fracture: Following meno-
pause there is decline in collagenous bone matrix
resulting in osteoporotic changes. Bone mass loss
and microarchitectural deterioration of bone tissue
occurs primarily in trabecular bone (vertebra, distal
radius) and in cortical bones. Bone loss increases to
5% per year during menopause. Osteoporosis may be
primary (Type 1) due to estrogen loss, age, deficient
nutrition (calcium, vit. D) or hereditary. It may be
secondary (Type 2) to endocrine abnormalities
(parathyroid, diabetes) or medication (see p. 62).
Osteoporosis may lead to back pain, loss of height
and kyphosis. Fracture of bones is a major health
problem. Fracture may involve the vertebral body,
femoral neck, or distal forearm (Colles’ fracture).
Morbidity and mortality in elderly women following
fracture is high.

Detection of osteoporosis: Computed tomography
(CT) and specially the dual-energy X-ray
absorptiometry (DEXA) are reliable methods to assess
the bone-mineral density. Total radiation exposure is
high with CT than DEXA.

Biochemical parameters to detect bone loss are
measurement of urinary calcium/creatinine and
hydroxyproline/creatinine ratios.

Cardiovascular and cerebrovascular effects:
Oxidation of LDL and foam cell formation cause
vascular endothelial injury, cell death and smooth
muscle proliferation. All these lead to vascular
atherosclerotic changes, vasoconstriction and
thrombus formation (see p. 59).

Risks of ischemic heart disease, coronary artery
disease and strokes are increased.

DIAGNOSIS OF MENOPAUSE

1. Cessation of menstruation for consecutive 12
months during climacteric.

2. Appearance of menopausal symptoms ‘hot flush’
and ‘night sweats’.

3. Vaginal cytology — showing maturation index of
at least 10/85/5 (Features of low estrogen).

4. Serum estradiol : <20 pg/mL.

5. Serum FSH and LH:>40 mlU/mL (three values
at weeks interval required).

MANAGEMENT

PREVENTION

Spontaneous menopause is unavoidable. However,
artificial menopause induced by surgery (bilateral
oophorectomy) or by radiation (gonadal) during
reproductive period can to some extent be preventable
or delayed.

Counseling: Every woman with postmenopausal
symptoms should be adequately explained about
the physiologic events. This will remove her fears,
and minimize or dispel the symptoms of anxiety,
depression and insomnia. Reassurance is essential.

TREATMENT

NONHORMONAL TREATMENT

¢ Lifestyle modification includes: Physical activity
(weight bearing), reducing high coffee intake,
smoking and excessive alcohol. There should
be adequate calcium intake (300 mL of milk),
reducing medications that causes bone loss
(corticosteroids)

¢ Nutritious diet—balanced with calcium and
protein is helpful
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Supplementary calcium—daily intake of 1-1.5 g
can reduce osteoporosis and fracture

Exercise—weight bearing exercises, walking,
jogging

Vitamin D—supplementation of vitamin D,
(1500-2000 IU/day) along with calcium can
reduce osteoporosis and fractures. Exposure to
sunlight enhances synthesis of cholecalciferol
(vitamin D,) in the skin

Cessation of smoking and alcohol

Bisphosphonates prevent osteoclastic bone
resorption. It improves bone density and prevents
fracture. It is preferred for older women.
Women should be monitored with bone density
measurement. Drug should be stopped when there
is severe pain at any site. Commonly used drugs
are etidronate and alendronate. Alendronate is
more potent. Ibandronate and zolendronic acid
are also effective and have less side effects.
Bisphosphonates when used alone cannot prevent
hot flushes, atrophic changes and cardiovascular
disease. It is taken in empty stomach. Nothing
should be taken by mouth for at least 30 minutes
after oral dosing. Patient should remain upright
for 30 minutes. Side effects include gastric
and esophageal ulceration, osteomyelitis and
osteonecrosis of the jaw

Fluoride prevents osteoporosis and increases
bone matrix. It is given at a dose of 1 mg/kg for
short-term only. Calcium supplementation should
be continued. Long-term therapy induces side
effects (brittle bones)

Calcitonin inhibits bone resorption. Simultaneous
therapy with calcium and vitamin D should be
given. It is given either by nasal spray (200 IU
daily) or by injection (SC) (50-100 IU daily). It
is used when estrogen therapy is contraindicated.
Selective estrogen receptor modulators
(SERMSs) are tissue specific in action. Of the
many SERMs, raloxifene has shown to increase
bone mineral density, reduce serum LDL and to
raise HDL2 level. Raloxifene inhibits the estrogen
receptors at the breast and endometrial tissues.
Risks of breast cancer and endometrial cancer
are therefore reduced. Raloxifene does not
improve hot flushes or urogenital atrophy.

Evaluation of bone density (hip) should be done
periodically. Risks of venous thromboembolism
is increased

¢ Clonidine, an alpha adrenergic agonist may
be used to reduce the severity and duration
of hot flushes. It is helpful where estrogen is
contraindicated (hypertension)

¢ Thiazides reduce urinary calcium excretion. It
increases bone density specially when combined
with estrogen.

¢ Paroxetine, a selective serotonin reuptake
inhibitor, is effective to reduce hot flushes (both
the frequency and severity).

¢ Gabapentin is an analog of gamma-amino-
butyric acid. It is effective to control hot flushes.

¢ Phytoestrogens containing isoflavones are found
to lower the incidence of vasomotor symptoms,
osteoporosis and cardiovascular disease. It reduces
the risk of breast and endometrial cancer.

¢ Soy protein is also found effective to reduce

vasomotor symptoms. Soy protein acts as
SERMS.

HORMONE REPLACEMENT
THERAPY (HRT)

The HRT is indicated in menopausal women to
overcome the short-term and long-term consequences
of estrogen deficiency.

Indication of Hormone Replacement Therapy
i. Relief of menopausal symptoms (see p. 59).
ii. Prevention of osteoporosis (see p. 60).
iii. To maintain the quality of life in menopausal
years.

Special group of women to whom HRT should be
prescribed:

) Premature ovarian failure

D Gonadal dysgenesis

> Surgical or radiation menopause

HRT and Osteoporosis: HRT prevents bone loss and
stimulate new bone formation. HRT increases BMD by
2-5% and reduces the risk of vertebral and hip fracture
(25-50%). Estrogen is found to play a direct role, as




62 TEXTBOOK OF GYNECOLOGY

BENEFITS OF HORMONE
REPLACEMENT THERAPY (HRT)

¢ Improvement of vasomotor symptoms (70—
80%)

¢ Improvement urogenital atrophy
Increase in bone mineral density (2-5%)
Decreased risk in vertebral and hip fractures
(25-50%)

¢ Reduction in colorectal cancer (20%)
Possibly cardioprotection

RISK FACTORS FOR OSTEOPOROSIS
TABLE 6.1 IN AWOMAN

- Family history

- Age—Elderly

- Race—Asian, White race

- Lack of estrogen

- Body weight—Low BMI

- Early menopause—Surgical, radiation

- Dietary—| Calcium and | Vitamin D, { Caffeine, {
Smoking

- Sedentary habit

- Drugs—Heparin, corticosteroids, GnRH analogue

- Diseases—Thyroid disorders, hyperparathyroidism
malabsorption, multiple myeloma.

receptors have been found in the osteoblasts. Women
receiving HRT should supplement their diet with an
extra 500 mg of calcium daily. Total daily requirement
of calcium in postmenopausal women is 1.5 g.

HRT is thought to be cardiovascular protective.
LDL on oxidation produces vascular endothelial
injury and foam cell (macrophage) formation. These
endothelial changes ultimately lead to intimal smooth
muscle proliferation and atherosclerosis. Estrogen
prevents oxidation of LDL, as it has got antioxidant
properties.

RISK FACTORS FOR
TABLE 6.2 Y CARDIOVASCULAR DISEASE

« Hypertension ‘ Smoking habit

Impaired glucose

- Familial .
tolerance

hyperlipidemia

In postmenopausal women, there is some
amount of insulin resistance and hyperinsulinemia.

Hyperinsulinemia induces atherogenesis. Estrogen
improve glucose metabolism.

RISKS OF HORMONE REPLACEMENT
THERAPY

a. Endometrial cancer: When estrogen is given
alone to a woman with intact uterus, it causes
endometrial proliferation, hyperplasia and carci-
noma. It is therefore advised that a progestogen
should be added to ERT to counter balance such
risks.

b. Breast cancer: Combined estrogen and progestin
replacement therapy, increases the risk of breast
cancer slightly (RR 1.26). Adverse effects of
hormone therapy are related to the dose and
duration of therapy.

c. Venous thromboembolic (VTE) disease
has been found to be increased with the use of
combined oral estrogen and progestin (Table 6.3).
Transdermal estrogen use does not have the same
risk compared to oral estrogen.

d. Coronary heart disease (CHD): Combined HRT
therapy shows a relative hazard (RR, 1.29) of
CHD. Hypertension has not been observed to be
arisk of HRT.

e. Lipid metabolism: An increased incidence of
gallbladder disease has been observed following
ERT due to rise in cholesterol (in bile).

f. Dementia, Alzheimer disease are increased.

TABLE 6.3 CONTRAINDICATIONS TO HRT

Undiagnosed genital tract bleeding
Estrogen dependent neoplasm in the body
History of venous thromboembolism
Active liver disease

Gallbladder disease

* & & o o

AVAILABLE PREPARATIONS FOR
HORMONE REPLACEMENT THERAPY

The principal hormone used in HRT is estrogen. This
is ideal for a woman who had her uterus removed
(hysterectomy) already. But in a woman with an intact
uterus, only estrogen therapy leads to endometrial
hyperplasia and even endometrial carcinoma. Addition
of progestins for last 12—14 days each month can
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prevent this problem. Commonly used estrogens
are conjugated estrogen (0.625—1.25 mg/day) or
micronized estradiol (1-2 mg/day). Progestins
used are medroxyprogesterone acetate (2.5-5 mg/
day), micronized progesterone (100-300 mg/day) or
dydrogesterone (5-10 mg/day).

Considering the risks, hormone therapy should
be used with the lowest effective dose and for a
short period of time. Low dose oral conjugated
estrogen 0.3 mg daily is effective and has got minimal
side effects. Dose interval may be modified as daily
for initial 2-3 months then it may be changed to every
other day for another 2-3 months and then every
third day for the next 2—-3 months. It may be stopped
thereafter if symptoms are controlled.

Oral estrogen regime: Estrogen—conjugated equine
estrogen 0.3 mg or 0.625 mg is given daily for woman
who had hysterectomy.

Estrogen and cyclic progestin: For a woman with
intact uterus estrogen is given continuously for 25
days and progestin is added for last 12—14 days.

Continuous estrogen and progestin therapy

Continued combined therapy can prevent endometrial
hyperplasia. There may be irregular bleeding with
this regimen.

¢+ Subdermal implants: Implants are inserted
subcutaneously over the anterior abdominal wall
using local anesthesia. 17 B estradiol implants
25 mg, 50 mg or 100 mg are available and can
be kept for 6 months. This method is suitable in
patients after hysterectomy. Implants maintain
physiological E, to E, ratio.

+ Percutaneous estrogen gel: 1 g applicator of
gel, delivering 1 mg of estradiol daily, is to be
applied onto the skin over the anterior abdominal
wall or thighs. Effective blood level of oestradiol
(90-120 pg/mL) can be maintained.

¢+ Transdermal patch: It contains 3.2 mg of 17
Bestradiol, releasing about 50 pg of estradiol in 24
hours. Physiological level of E, to E, is maintained.
It should be applied below the waist line and
changed twice a week. Skin reaction, irritation
and itching have been noted with their use.

+ Vaginal cream: Conjugated equine vaginal
estrogen cream 1.25 mg daily is very effective
specially when associated with atrophic vaginitis.

It also reduces urinary frequency, urgency and
recurrent infection. Women with symptoms of
urogenital atrophy and urinary symptoms and who
do not like to have systemic HRT, are suitable for
such treatment.

¢ Progestins: In patients with history of breast
carcinoma, or endometrial carcinoma, progestins
may be used. It may be effective in suppressing
hot flushes and it prevents osteoporosis.
Medroxyprogesterone acetate 2.5-5 mg/day can
be used.

LNG-IUS (see p.480) with daily release of 10

microgram (see below) of levonorgestrel per 24

hours, it protects the endometrium from hyperplasia

and cancer. At the same time it has got no systemic

progestin side effects. Estrogen can be given by any

route. It can serve as contraception and HRT when

given in a perimenopausal women.

¢+ Tibolone: Tibolone is a steroid (19-nortestosterone
derivative) having weakly estrogenic, proges-
togenic and androgenic properties. It prevents
osteoporosis, atrophic changes of vagina and
hot flushes. It increases libido. Endometrium is
atrophic. A dose of 2.5 mg per day is given.

MONITORING PRIORTO AND
TABLE 6.4 DURING HRT

A base level parameter of the following and their
subsequent check up (at least annually) are mandatory.

¢ Physical examination including pelvic examination.
¢ Blood pressure recording.
¢ Breast examination (see p. 565) and

Mammography (see p. 565).
¢ Cervical cytology (see p. 110).
¢ Pelvic ultrasonography (TVS) to measure

endometrial thickness (normal <5 mm).

Any irregular bleeding should be investigated
thoroughly (endometrial biopsy, hysteroscopy).

Ideal serum level of estradiol should be 100 pg/mL
during HRT therapy. Serum level of estradiol is useful
to monitor the HRT therapy rather than that of serum
FSH.

Duration of HRT Use

Generally, use of HRT for a short period of 3—5 years
have been advised. Reduction of dosage should be
done as soon as possible. Menopausal women should
maintain optimum nutrition, ideal body weight and
perform regular exercise.
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Individual woman should be given informed
choice as regard the relative merits and possible
risks of continuing HRT.

PROGRESS IN HORMONE REPLACEMENT
THERAPY

Low Dose HRT—Women with intact uterus with 0.3
mg conjugated equine estrogen (CEE) and Medroxy
Progesterone acetate (MPA) 1.5 mg is found effective
to control the vasomotor symptoms. Similarly 1 mg
of estradiol and norethisterone acetate 0.5 mg orally,
are also effective and have significant bone sparing
effect. Progestogen is added in the HRT to minimize
the adverse effects of estrogen. Hormone therapy
should be used with lowest effective dose and for
the short period of time as possible. Dose interval
may be modified (see above) before stopping the
therapy. To minimize the systemic adverse effects
of progestogen, Levonorgestrel intrauterine delivery
system (LNG-IUS) is being used. It is primarily used
as a contraceptive (see p.480). Estrogen component
is delivered by oral or by transdermal route or as an
implant. A small size LNG-IUS has been developed
that releases 10 pg LNG per day. This reduced size
LNG-IUS is suitable for the postmenopausal women
as the size of the uterus is also small (p. 501).

ABNORMAL MENOPAUSE

Premature Menopause: If the menopause occurs
at or below the age of 40, it is said to be premature
(details in p. 463). Often, there is familial diathesis.

Treatment by substitution therapy is of value (details
inp. 531).

Delayed Menopause: If the menopause fails to occur
even beyond 55 years, it is called delayed menopause.

The common causes are constitutional, uterine
fibroids, diabetes mellitus and estrogenic tumor of
the ovary. The cases should not be neglected. In the
absence of palpable pelvic pathology, diagnostic
curettage should be done and an early decision of
hysterectomy should be taken in the face of increased
incidence of endometrial carcinoma.

Artificial Menopause: Permanent cessation of
ovarian function done by artificial means, e.g. surgical
removal of ovaries or by radiation is called artificial
menopause.

Surgical Menopause: Menstruating women who
have bilateral oophorectomy, experience menopausal
symptoms (see p.59). It is sometimes more troublesome
than natural menopause.

Radiation Menopause: The ovarian function may
be suppressed by external gamma radiation in women
below the age of 40. The castration is not permanent.
The menstruation may resume after 2 years and even
conception is possible. Intracavity introduction of
radium can cause castration effect by destroying the
endometrium and also by depressing the ovarian
function. The menopausal symptoms are not so
intense as found in surgical menopause or menopause
following external radiation.

KEY POINTS

> Menopause means permanent cessation of menstruation at the end of reproductive life due to ovarian follicular
inactivity. The average age being 50 years. Menopause is genetically predetermined. It is not related to the
number of pregnancies, race, socioeconomic conditions, education, height, weight, age at menarche or age of

last childbirth.

> The initial endocrine change with the onset of menopause is decreased ovarian inhibin production and increase in
pituitary FSH release. The amount of estrogen replacement in menopause is not dependent upon the level of FSH.

> There is gradual elevated levels of first the FSH and then LH. Simultaneously, estradiol levels fall to optimal
20 pg/mL when menopause sets in. There is increased androgen secretion from the ovarian stroma and from
the adrenal. A trace amount of progesterone is adrenal in origin.

Contd...
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Contd...

>

Diagnosis is from the classic symptom of ‘hot flush” (50%) and confirmed by elevated FSH levels to >100 mIU/
mL and serum estradiol <20 pg/mL.

In menopause, there is depletion of ovarian follicles with degeneration of granulosa and theca cells. Stromal
cells produce androgens, which are converted to estrogens in peripheral body fat. Obese postmenopausal
women, have higher levels of estrone, less hot flushes and osteoporosis. But risk of developing endometrial
cancer is high for them.

Benefits of HRT are: Improvement in vasomotor symptoms, urogenital atrophy, increase in BMD, reduced risk
of vertebral and hip fractures, reduction colorectal cancer and possibly cardioprotection (see p. 62). Estrogen
reduces the risk of late onset Alzheimer’s disease. It is beneficial in symptomatic women.

Risks of HRT are: Endometrial cancer, breast cancer, VIE and coronary heart disease (see p. 62).

For a woman with intact uterus, progestin (for last 12-14 days) must be combined with estrogen. Otherwise
unopposed estrogen therapy will increase the risk of endometrial hyperplasia and adenocarcinoma. Estrogen
without a progestin is recommended for a postmenopausal women who had hysterectomy.

Contraindications to HRT include undiagnosed genital tract bleeding, estrogen dependent neoplasm in the
body, history of venous thromboembolism, active liver disease and gallbladder disease (see p. 62).

Estrogen may be administered orally, subdermal implants, vaginal cream, percutaneous gel or by transdermal
patch. Provided the women is monitored during the period of therapy (see Table 6.4), HRT can be continued
as long as the benefits are desired. However, low dose and short period of therapy (3-5 years) is currently
recommended.

Dual energy X-ray absorptiometry (DEXA) is the most accurate method to measure bone density.

Indications of estrogen therapy in menopause are: Presence of vasomotor symptoms, prevention of atrophic
vaginitis, urethritis and osteoporosis. Estrogen increases calcium absorption and reduces bone reabsorption.

LDL cholesterol increases the risk of coronary artery disease (CAD) while HDL protects CAD. Estrogen therapy
decreases LDL cholesterol and increases HDL.

Premature menopause is one when the menstruation stops at or below the age of 40. Delayed menopause is
one when menopause fails to occur even beyond 55 years.
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Neuroendocrinology in Relation

to Reproduction

The neuroendocrine mechanisms are the basic factors
in the reproductive cycle. A transducer concept has
been evolved in which the specialized neural cells
of the hypothalamus function as the final common
pathway to guide the appropriate anterior pituitary
hormonal response.

HYPOTHALAMUS

Hypothalamus plays an important role in the
neuroendocrine regulation. Three well-defined
areas are demarked—(i) supraoptic area; (ii) tuberal
region; and (iii) mamillary region. Each region is
further subdivided into areas, or nuclei (Fig. 7.1).
Both a tonic and a cyclic center are located within

the hypothalamus resulting in changes in GnRH
production.

CONNECTIONS

= Cortical = Pituitary

Cortical

During recent years, the neural connection between
the higher cortical centers and the hypothalamus
has been well established. Apart from this, there are
numerous output connections to pituitary gland as well
other areas of the CNS, e.g. amygdala, hippocampus
(limbic system), the thalamus and the pons (Fig. 7.6).
Through this system, the ovarian and consequently the
menstrual cycle are affected by various emotional and
environmental factors.
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Fig. 7.1: Anatomy of the hypothalamus and pituitary
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Pituitary

The hypothalamus is connected with the anterior
lobe of the pituitary (adenohypophysis) through
a special hypothalamopituitary portal system of
vessels. However, it is directly connected with the
posterior lobe of the pituitary (neurohypophysis) by
the supraoptic and paraventricular nuclei (Fig. 7.1).

SECRETIONS

The hypothalamus produces a series of specific
releasing and inhibiting hormones which have got
effect on the production of the specific pituitary
hormones. These hormones are synthesized by the
hypothalamic neurons and are released at the nerve
endings around the tuber cinereum. Thereafter, these
are drained to the pituitary through the hypothalamo-
pituitary portal system of vessels.

1. Gonadotropin releasing hormone (GnRH)

The GnRH is also named as luteinizing hormone
releasing hormone (LHRH). GnRH is a
decapeptide and is concerned with the release,
synthesis and storage of both the gonadotropins
(FSH and LH) from the anterior pituitary. The
divergent patterns of FSH and LH in response to
a single GnRH are due to modulating influence of
the endocrine environment specially the feedback
effects of steroids on anterior pituitary gland.
GnRH is secreted by the arcuate nucleus of the
hypothalamus (Fig. 7.1) in a pulsatile fashion.
Developmentally, these neurons originated from
the olfactory area (see p. 464). The half-life of
GnRH is very short (2—4 minutes). This is due to the
cleavage of amino acid bonds between 5-6, 67 and
9-10 in circulation (Fig. 7.1A). GnRH is secreted
into the portal circulation in pulsatile fashion. This
pulse secretion varies in frequency and amplitude
at different phases of menstrual cycle (see
below). GnRH stimulates anterior pituitary for
synthesis, storage and secretion of gonadotropins.
There is decrease in receptor sensitivity when

gonadotroph cells (adenohypophysis) are exposed
to GnRH stimulation continually. This is called
‘down regulation’. On the contrary, intermittent
exposure of GnRH to gonadotrophs, increase the
receptor sensitivity. This is called ‘up-regulation’.
This variable response of anterior pituitary
gonadotrophs to GnRH have been utilized in
different clinical situation to get therapeutic
benefits (see p. 525).

2. Prolactin inhibitory factor (PIF)

Prolactin secretion from the anterior pituitary
seems to be under chronic inhibition by PIF.
Dopamine is the physiological inhibitor.

3. Thyrotropin releasing hormone (TRH)

The hormone TRH, a tripeptide stimulates
the release of not only the thyrotropin but also
prolactin from the pituitary.

4. Corticotropin releasing hormone (CRH)
It is a tetradecapeptide.

5. Other secretions are—growth hormone releasing
hormone (GHRH) and melanocytic releasing factor.

CONTROL OF GnRH SECRETION
The neurohormonal control of GnRH secretion is
modulated by four ways:
Neurotransmitters and neuromodulators.
Peptides.
Ultrashort feedback loop.
Short feedback loop.
Long feedback loop.

* & & o o

Neurotransmitters and neuromodulators

The control of GnRH secretion is highly complex and
dependent on a number of inhibitory or excitatory
pathways involving neurotransmitters and neuro-
modulators with interaction of ovarian steroids. The
neurotransmitters and neuromodulators within the
brain act through a neural input.
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Endopeptidase
Fig. 7.1A: Gonadotropin releasing hormone (GnRH)

Carboxyamide peptidase
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Neurotransmitters

Neurotransmitters and neuromodulators in the control of GnRH secretion

Neuromodulators
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The important neurotransmitters are catechola-
mines—dopamine, norepinephrine (noradrenaline)
and serotonin.

Norepinephrine exerts a stimulatory effect on the
release of GnRH, while dopamine exerts its inhibitory
effect. Serotonin plays an inhibitory role in GnRH
release.

Catecholamines are capable of changing the
frequency of GnRH pulse. Thus, pharmacological
agents, psychological factors which affect the brain
catecholamines, are likely to affect the pulsatile
release of GnRH.

The principal neuromodulators are endogenous
opioids, peptides and prostaglandins.

Endogenous opioids: The important endogenous
opioids are endorphins, encephalins and dynorphins.
They inhibit GnRH release and thereby inhibit
gonadotropin secretion.

The endorphins may suppress both the dopamine
and GnRH pathway leading to increase in prolactin
secretions. Increased endogenous opioids has been
actively implicated in hypothalamic amenorrhea
and elevated prolactin levels observed in association
with stress and exercise. Prostaglandin E produced
locally, increases the release of GnRH.

Role of peptides—a number of peptides like activin,
inhibin and follistatin are produced by GnRH from

pituitary cells as well as from the granulosa cells of
the ovary. Activin stimulates but follistatin inhibits
GnRH secretion. Inhibin blocks GnRH receptors. LH
secretion is regulated by GnRH. Inhibin, activin or
follistatin has no effect on it.

Ultrashort feedback loop

It refers to autoregulation of the releasing hormone of
the hypothalamus on its own synthesis. If the GnRH
production is more, it will suppress and if it is less, it
will stimulate its own production.

GnRH can regulate the concentration of its own
pituitary receptors.

Short feedback loop (gonadotropins)

It relates to the secretion of the GnRH by the interplay
between the neurotransmitters and the pituitary
gonadotropins. FSH and LH are believed to exert
negative feedback effect on hypothalamic production
of GnRH.

Long feedback loop (sex steroid hormones)

The secretion of the hypothalamus (GnRH) and
pituitary (FSH, LH) are influenced by the sex steroids.
Sex steroids exert their inhibitory effect throughout
except in preovulatory period, when a high and
sustained level of estradiol exerts a stimulatory effect
in the release of GnRH through catechol estrogen.
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Nature of secretion

The secretion and release of GnRH are tonic, cyclic
and pulsatile.

The tonic center is controlled primarily by the
negative feedback of sex steroids, probably via
dopaminergic activity.

The cyclic center is stimulated by the positive
feedback effect of preovulatory sustained and high
rise of estradiol resulting in increased GnRH secretion.

The pulsatile release (i.e. secretion of GnRH into
portal circulation) is presumably regulated by the
neurotransmitters and neuromodulators. The pulse
secretion of GnRH has an amplitude and frequency.
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Fig. 7.2: Schematic representation of hormone GnRH
receptor signal activation

Amplitude signifies the amount of GnRH delivered
into portal circulation. Frequency means at what
interval the GnRH is delivered into portal circulation.
The frequency is rapid in the follicular phase, about
one pulse per hour and lower in the luteal phase about
one pulse every 2—-3 hours. In the follicular phase the
amplitude is low but it is high in luteal phase.

GnRH action on anterior pituitary (self-priming
of gonadotrophs)

GnRH, on reaching the anterior lobe of the pituitary,
stimulates the synthesis and release of both LH and
FSH from the same cell (gonadotrophs) in the pituitary
gland.

GnRH is involved not only in release of stored LH
and FSH but it is of importance in maintaining the
synthesis of gonadotropins. It has been demonstrated
that repeated exposure of the gonadotrophs to GnRH
seems essential for the adequate pituitary stores.
Lower GnRH pulse frequencies favor FSH secretion
and the higher frequencies favor LH secretion. This
response has been termed ‘self-priming’. It has got
a cyclic relationship and is greatest with the higher
levels of estrogen. Estrogen preferentially induces
more LH than FSH release.

Physiological control mechanism of
gonadotropin release

There are two pools of gonadotropins. One is readily
releasable by the initial exposure to GnRH (primary
pool) and a second one—called reserve pool (secondary
pool). GnRH makes this larger reserve pool to be more
readily released by a subsequent repeated exposure.
Thus, this is suggestive of a transfer of gonadotropins
from one pool to the other.

Mechanism of action of GnRH on pituitary cell
(Fig.7.2)

GnRH binds to the specific receptors on the cell
membrane of the gonadotrophs. Within a second,
there is activation of the enzyme, adenyl cyclase
which catalyzes the conversion of ATP to cyclic
AMP (cAMP). cAMP-receptor protein complex then
activates protein kinase C. Intracellular free Ca"*
concentration increases. Protein kinase C causes
phosphorylation and activation of specific enzymes.
Ca™, protein kinase C and cAMP then interact to
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stimulate the release of stored FSH and LH and their
subsequent biosynthesis.

However, if GnRH continues to be infused, gon-
adotropin secretion is inhibited, probably because the
receptors are saturated and are unable to stimulate
the release of second messenger. This is known as
desensitization or down regulation.

PITUITARY

The pituitary gland lies in a bony cavity called
sella turcica. The gland, principally consists of two
parts—the anterior pituitary (adenohypophysis) and
the posterior pituitary (neurohypophysis).

ANTERIOR PITUITARY

The anterior pituitary is a large, compact and highly
vascular gland. It consists of cells arranged in nests
or columns. The cells are of two types:

a. Chromophobes or parent cells—these are small
cells without affinity for any dye.

b. Chromophils—these are larger cells which stain
casily.

i. Acidophils or eosinophils or alpha cells which
stain red with eosin. These cells produce
growth hormone and lactogenic hormone
(prolactin).

ii. Basophils or beta cells which stain blue with
hematoxylin.

These beta cells are of three types. The oval ones
produce gonadotropins; the angular ones produce
thyrotropin and the lightly granulated ones produce
corticotropin.

SECRETIONS FROM ANTERIOR PITUITARY

1. GONADOTROPINS

There are two gonadotropic hormones secreted
from the anterior pituitary—(a) Follicle stimulating
hormone (FSH) and (b) Luteinizing hormone (LH).

Site of secretion and chemical nature

The mechanisms of hormone synthesis, storage
and release of the anterior pituitary hormones are
poorly understood. While pulsatile stimulation of
hypothalamic GnRH is required by the pituitary for
the synthesis and release of gonadotropins, ovarian

hormones determine the cyclic pattern of FSH and
LH as they occur in normal cycle. FSH and LH are
secreted from the beta cells in a pulsatile fashion in
response to pulsatile GnRH. These are water-soluble
glycoproteins of high molecular weight. They have
got two subunits. The amino acid composition of
the o subunits of FSH, LH and human chorionic
gonadotropins (hCG) are similar. The hormone
specificity being determined by the difference
between the 3 subunits.

Functions of FSH

The function of FSH is predominantly morphogenic,
related to the growth and maturation of the Graafian
follicle. In conjunction with LH, it is also involved in
maturation of oocyte, ovulation and steroidogenesis.

¢ Morphological effects ¢ Biochemical effects

Morphological effects of FSH

e FSH rescues follicles from apoptosis.

e Stimulates formation of follicular vesicles (antral
follicle).

e Stimulates proliferation of granulosa cells.

e Helps full maturation of the Graafian follicle
(dominant follicle) as it converts the follicular
microenvironment from androgen dominated to
estrogen dominated (see p. 85).

Biochemical effects of FSH

e Synthesizes its own receptors in the granulosa cells.
e Synthesizes LH receptors in the theca cells.

e Synthesizes LH receptors in the granulosa cells.

e Induces aromatization to convert androgens to
estrogens in granulosa cells (see p. 72).

e Enhances autocrine and paracrine function (IGF-
11, IGF-I) in the follicle.

e Stimulates granulosa cells to produce activin and
inhibin.

e Stimulates plasminogen activator necessary for
ovulation.

The FSH level tends to rise soon following the
onset of menstruation and attains its peak at the
twelfth day of the cycle (preovulatory) and gradually
declines to attain the base level at about the eighteenth
day (Fig. 7.5).
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Functions of LH

The main function of LH is steroidogenic but along
with FSH, it is responsible for full maturation of the
Graafian follicle and oocyte and ovulation.

B Biochemical effects

B  Morphological effects

Biochemical effects (steroidogenic) of LH

¢ Activation of LH receptors in the theca cells which
stimulates the enzymes necessary for androgen
production — diffuse into the granulosa cells —
estrogens

¢ Luteinization of the granulosa cells — to secrete
progesterone.

¢ Synthesizes prostaglandins.

Morphological effects of LH

¢ Stimulates resumption of meiosis with extrusion
of first polar body (see p. 82).

¢ Helps in the physical act of ovulation (see p. 83).
¢ Formation and maintenance of corpus luteum.

LH levels remain almost static throughout the cycle
except at least 12 hours prior to ovulation, when it
attains its peak, called LH surge (Fig. 7.5).

1I. PROLACTIN

Prolactin is secreted from the alpha cells and is a
polypeptide.

Its role in the human reproductive physiology is not
clearly understood. Its role in the maintenance of
corpus luteum in human is not well-documented,
but the fact remains that there is high incidence of
anovulation in women with elevated plasma prolactin
levels (see p. 464 and 576).

11I. THYROTROPIC HORMONE

Thyroid stimulating hormone (TSH) is produced by
the beta cells. It acts on the thyroid gland and regulate
the production of thyroxine. It has got a.and 3 subunits
like those of FSH and LH, with functions of 3 subunits
being different. Abnormal TSH secretion is associated
with menstrual and ovulatory dysfunction.

IV. ADRENOCORTICOTROPIC HORMONE (ACTH)

ACTH is also secreted by the beta cells. It stimulates
the production of corticosteroids in the adrenal
cortex.

V. SOMATOTROPIN OR GROWTH PRODUCING
HORMONE

It is secreted from the alpha cells of the pituitary and
acts directly on the skeletal system.

VI. MELANOCYTE STIMULATING HORMONE
(MSH)

It is clearly linked with ACTH. The hormone is
increased during puberty and in pregnancy. It is
probably responsible for the pigmentary changes
during those periods.

POSTERIOR PITUITARY

The hormones oxytocin and vasopressin are formed
in the hypothalamus and transported within the
neurons in the hypothalamo-hypophyseal tract.
Both the hormones are bound to polypeptides
called neurophysins. Oxytocin is a nonapeptide. It
is produced by the paraventricular nucleus of the
hypothalamus. Oxytocin acts on the myometrial
contractile system, specially during labor and also
causes contraction of the myoepithelial cells in the
breast ductules during lactation.

Arginine-vasopressin is also a nonapeptide, with two
amino acid composition different from that of oxytocin.
It is produced by the supraoptic nucleus. It regulates
plasma osmolality and circulating blood volume.

OVARY

The gross anatomy (ch. 1) and the structure of the
functional unit of the ovary (ch. 8) are described in
the appropriate chapters. The functions of the ovary
are ovulation and production of hormones (steroido-
genesis). The ovulation is dealt in the Chapter 8.

OVARIAN STEROIDOGENESIS

The principal hormones secreted from the
ovaries are—(i) Estrogens; (ii) Progesterone;
(ii1) Androgens; and (iv) Inhibin.

ESTROGENS

Ask the author

Site of production

“dedutta.com

The estrogen is predominantly estradiol (E,)
and to a lesser extent estrone.
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Fig. 7.3: Schematic representation of the ovarian steroidogenesis
(Two cell, two gonadotropin 7.3A and two cell, one gonadotropin 7.3B concept)

LUTEAL PHASE B

The sites of production in the ovary are:

¢ Predominant sites are granulosa cells of the
follicles and from the same cells after luteinization
to form corpus luteum.

¢ Small quantity is also produced from the theca
cells and ovarian stroma.

Mechanism of steroid hormone production
(Figs 7.3 and 7.4A)

Two cell, two gonadotropin, concept of ovarian
steroidogenesis establishes the fact that two cells
(theca cells and granulosa cells) produce different
hormones under the influence of two gonadotropins
(LH and FSH).

During the follicular phase, under the influence of
LH, androgens (androstenedione and testosterone) are
produced in the theca cells. These androgens diffuse
into the granulosa cells where they are aromatized
under the influence of FSH to estrogens—estradiol
predominantly and to lesser extent estrone (Figs 7.3,
7.4 and 7.4A).

After ovulation, progesterone is synthesized in
the luteinized granulosa cells under the influence
of LH. The precursor-LDL is available to the site

after vascularization of the granulosa cells following
ovulation. During luteal phase, androstenedione
produced by the theca luteal cells diffuses into the
granulosa luteal cells (Fig. 7.3B) to be converted
into estradiol by LH. During follicular phase, it is the
FSH that enhances aromatase activity in the granulosa
cells. Whereas during the luteal phase it is the LH
that enhances the aromatase activity in the luteinized
granulosa cells for the conversion of androstenedione
to estradiol. Therefore, during luteal phase, a two cell
(theca luteal and granulosa luteal)—one gonadotropin
(LH) system works for estradiol biosynthesis.

Metabolism

The estrogens are bound to albumin (30%) and sex
hormone binding globulin (SHBG) in 69% and the
remaining free 1% is biologically active. Unlike
trophic hormones, steroid hormones enter the cell
and mediate action via receptors within the nucleus
as shown diagrammatically in Figure 7.5A to produce
specific response.

Following this, the estrogens are quickly inactivated
by converting to estriol. Of the three classic estrogens,
estradiol is the most potent, being ten times as potent
as estrone which is ten times as potent as estriol.
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Fig. 7.4: Mechanism of action of steroid hormone:
The precise mechanism of action of steroid hormones
includes : (1) Diffusion of steroid hormone through the
cell membrane; (2) Steroid hormone receptor complex
within the nucleus; (3) Interaction of this complex with
nuclear DNA; (4) Synthesis of messenger RNA (mRNA);
(5) mRNA combines with ribosome in the cytoplasm;
(6) Synthesis of protein and desired activity
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theory of ovarian steroidogenesis

The estriol is conjugated in the liver with
glucuronic acid. The conjugated estrogen is excreted
partly in the bile and partly in the urine. The bile
fractions on reaching the intestine are broken
down by microorganisms and then reabsorbed as
active hormones (enterohepatic circulation). The
disturbances of liver function or of the intestinal flora
can thus alter this mechanism with consequent distur-
bances of menstrual cycles.

AMOUNT OF ESTROGEN PRODUCTION AND
BLOOD LEVEL (See Table 7.2)

Total daily production of estradiol is estimated to be
about 50 pg during the early follicular phase reaching
150-300 ng at ovulation.

The blood level rises to about 300—600 pg/mL at
ovulation. After a sharp fall, it rises again to about
150-200 pg/mL in the Iuteal phase (Fig. 7.5).

Total quantity of estradiol production during a
cycle from ovulatory ovary is estimated to be 10 mg.

Physiological action

Secondary sex characters—Estrogen tends to
induce feminine characteristics. The hormone is
responsible for feminine body configuration and
feminine mental make up including shyness. There

is secretion in apocrine glands, change in voice and
deposition of fat on the breasts, thighs and hips. The
growth of axillary and pubic hair is dependent
predominantly on androgens of adrenal origin.

Action on the genital organs—Under the action
of estrogen, the genital organs not only develop into
maturity but induce cyclic changes for reproduction.
After menopause, with the fall in the estrogen level,
atrophic changes of the organs occur.

Vulva and vagina—All the structures are influenced
by the estrogens. The vaginal vascularity and epithelial
activity are related to estrogen. Estrogen induces
thickening of the lining epithelium, cornification of
the superficial cells and deposition of glycogen which
is converted into lactic acid by the Doderlein’s bacilli.
As such, the vaginal flora is maintained by estrogen.

Uterus—There is increased vascularity with hyper-
plasia of the muscles. It changes the uterus from
the infantile to adult form. Cyclic changes in the
endometrium includes regeneration and proliferation
of the endometrium. It produces receptors for
progesterone. Withdrawal of estrogen causes
shedding of the endometrium and menstruation.

Cervix—Estrogen causes hypertrophy of the cervix
and increases the cervical gland secretion. The
secretion is more watery, alkaline with less protein
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Fig. 7.5: Fluctuation of different hormone levels during menstrual cycle (ovulatory)

and more electrolytes. These favor penetration of
the sperm.

Fallopian tubes—There is increased vascularity with
increased motility of the tubes.

Breasts—There is increased proliferation of the ducts
and stromal tissues. There is also increased vascularity
and pigmentation of the areola. Accumulation of fat
also occurs. Breast secretion, however, cannot occur.

Blood—Estrogen increases the coagulability of blood
by increasing many procoagulants, chiefly fibrinogen.
The platelets become more adhesive.

Locomotor system—Estrogen conserves calcium and
phosphorus and encourages bone formation.

General—Estrogen increases sodium, nitrogen
and fluid retention of the body. It lowers the blood
cholesterol and lowers the incidence of coronary
heart disease in women prior to menopause. It has got
widespread capillary vasodilatation effect.

Endocrine system
¢ Hypothalamopituitary axis.

Negative Feedback

Estrogen exerts a negative feedback effect on the
release of FSH. This is by:
(i) Direct action on pituitary, decreasing the
sensitivity of the gonadotroph to GnRH
(i1) Directaction on the hypothalamus with a decrease
in GnRH secretion, possibly via increased
inhibitory dopaminergic activity.

Positive Feedback

High levels of estrogen (>200 pg/mL) exert a positive
feedback effect on LH (mid cycle LH surge). Sustained
(24-48 hours) elevated levels of estrogen lead to
sustained and elevated LH secretion. It may be due to:

1. Increasing pituitary responsiveness to GnRH.
il. Stimulating the hypothalamus in secreting GnRH.

The positive feedback effect cannot occur in
the postovulatory phase because of the presence of
progesterone.

¢ Ovary: The presence of E, and FSH in the antral
fluid is essential for sustained proliferation of
granulosa cells and continued follicular growth.
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¢ [Itincreases the binding globulin in circulation and
raises the blood levels of protein bound iodine and
protein bound cortisol.

PROGESTERONE

Site of secretion

The progesterone is secreted from the luteinized theca
granulosa cells of the corpus luteum. A trace amount
is however, secreted from the theca granulosa cells of
the follicle and also from the ovarian stroma.

Metabolism
Progesterone is bound mainly to albumin (79%) and
corticosteroid binding globulin (17.7%).

It is metabolized in the liver and excreted as sodium
pregnanediol glucuronide (pregnanediol) in the urine.
This metabolite has no progestational activity. Only
20% of secreted progesterone is conjugated and
appears in the urine as pregnanediol. The fate of the
remainder is not clear.

17-a-hydroxy progesterone is an important product
of the ovary. It is metabolized in the liver and reduced
to pregnanetriol.

Amount of production and blood
level (Table 7.2)

Daily production of progesterone is 2-3 mg in
follicular phase and 20-30 mg in luteal phase.

Daily excretion of pregnanediol in the urine is less
than 1 mg in follicular phase and 3—6 mg in luteal phase.

Serum value of progesterone is less than 1 ng/
mL in follicular phase and 5-15 ng/mL in midluteal
phase (Fig. 7.5).

Physiological action: Progesterone acts on all the
organs of the genital tract and on the breasts provided
they are sensitized by estrogen.

Uterus—Progesterone produces myohyperplasia
and diminishes the contractility of the myometrium.
It however, increases the tone of the circular muscle
fibers at the isthmus. It produces secretory activity in
the endometrium; enhances secretion of the glands
rich in glycogen. The character of the cervical
mucus is changed and become more thick and viscid
preventing sperm penetration.

Vagina—The maturation of the vaginal epithelium is
hindered. There is more shedding of the intermediate
cells with folded edges and a tendency to clump.

Fallopian tubes—The epithelial cells are stimulated
to secrete clear mucus which helps in migration of the
ovum. Tubal motility is however, decreased which
may predispose to tubal pregnancy.

Breasts—Along with estrogen, it produces
hypertrophy and growth of the acinar structures.

General—Progesterone is thermogenic, raises the
basal body temperature by 0.2—0.5°C. There may be
enhanced deposition of fat in the tissues. It relaxes
smooth muscles and ligaments—specially during
pregnancy. It promotes the secretion of sebum by the
skin. Like other steroids, it causes fluid retention.

Endocrinal system
B Hypothalamopituitary axis

The principal negative feedback action of progesterone
is upon the midcycle gonadotropin surge and it may
be responsible for its short duration.

Progesterone by itself does not appear to exert
a positive feedback effect. However, its rise during
preovulatory period is related with the FSH surge by
its positive feedback action. The positive feedback
effect of estradiol in the secretory phase is inhibited
by progesterone.

B GnRH secretion

Progesterone first (low level) stimulates, then (high
level) inhibits the production of GnRH.

B Ovary

Progesterone acts through both intraovarian and central
negative feedback mechanisms to suppress new follicular
growth. It is postulated that increased intraovarian
progesterone concentration prevents follicular maturation
in that ovary in the subsequent cycle.

ANDROGENS

The androgens are produced in the ovary by all
three types of cells—stroma, theca and granulosa,
but mainly by the theca interna of the follicles.
The production of androgens is primarily under the
control of LH. The principal androgens secreted
are—dchydroepiandrosterone, androstenedione and
testosterone.

The principal site of metabolism is liver.
The androgens are reduced to androsterone and
etiocholanolone. These can be measured in the urine
as 11 deoxy-17 ketosteroids.




76

TEXTBOOK OF GYNECOLOGY

Total daily production of androstenedione is 3 mg
and of testosterone 0.2—-0.3 mg.

Plasma level of androstenedione is 1.3—1.5 ng/
mL, that of testosterone 0.3—0.6 ng/mL and of SHBG
38-103 nmol/L.

PEPTIDES AND THEIR ROLE

Inhibin, Activin and Follistatin are the peptides,
secreted by the granulosa cells in response to FSH.
Inhibin, inhibits FSH secretion. Activin is produced
by the pituitary and granulosa cells. Activin stimulates
FSH release from the pituitary. It also enhance FSH
action in the ovary. Follistatin, suppresses FSH
activity by inhibiting activin.

Inhibin: Inhibin is secreted by the granulosa cells
of the ovarian follicle in response to FSH. It has
got a preferential negative feedback effect on FSH
release. FSH and inhibin bear a reciprocal relation
ship. Inhibin A and inhibin B block the synthesis and
secretioin of FSH.

ANTI-MULLERIAN HORMONE (AMH)

¢ It is a peptide produced by the
granulosa cells of primordial
follicles (< 6 mm).

¢ It causes Miillerian duct
regression during male sexual
differentiation.

More Info.
dedutta.com

¢ AMH levels reflect the number of growing follicles
in the ovary and it helps oocyte maturation and
follicular development.

¢ Low levels of AMH is observed with rise of FSH
and E, levels and also with increasing age of the
women (as the follicle number declines).

¢ Estimation of serum AMH is used as a screening
test of ovarian reserve (see p. 529).

RELAXIN

Relaxin is secreted from the preovulatory follicle and
corpus luteum. It probably facilitates follicular rupture
during ovulation.

Growth factors are polypeptides and they act locally
through paracrine and autocrine way. Important
growth factors are: Insulin-like growth factors (IGF),
Epidermal growth factor, Tumor necrosis factor a
(TNFa) and Interleukin-1 system.

Insulin-like growth factors (IGF)—are most
abundant. IGF-II is produced in theca cells, granulosa
cells and luteinized granulosa cells. IGF-II enhances
gonadotropin (FSH and LH) actions to stimulate
granulosa cell proliferation, aromatase activity, and
progesterone synthesis.

THYROID

The thyroid gland consists of numerous acini and
follicles. Between the follicles, there are parafollicular
or ‘C’ cells. The follicular cells synthesize iodine
containing thyroxine (T,) and triiodothyronine (T,)
under the influence of TSH of the anterior pituitary
(Table 7.1). These hormones are related to body
growth and metabolic needs. Ovarian function is
markedly related to the thyroid activity. Normal
enlargement of the gland occurs during puberty,
pregnancy and menopause. Menstrual function may
be significantly disturbed in thyroid dysfunction.
Calcitonin is secreted from the parafollicular cells in
response to elevated blood calcium.

NORMAL SERUM VALUES OF
TABLE 7.1 THYROID PROFILE

TSH 0.4-5 mmol/L (3 pU/mL)

T, 1.1-2.3 nmol/L (70-190 ng/100 mL)

T, 10-25 pmol/L (5-12 pg/100 mL)
ADRENAL GLANDS

Adrenal gland consists of two zones—outer cortex
and inner medulla. The medulla secretes adrenaline
and noradrenaline.

Control of cortical secretions

Zona glomerulosa: Aldosterone is secreted from
this zone. The secretion is principally controlled by
the renin—angiotensin mechanism and is not markedly
affected by ACTH. It produces retention of sodium
and increased excretion of potassium through the
renal tubules.

Zona reticularis and fasciculata: They act as a
single unit. The principal hormones that are secreted
are cortisol, corticosterone (gluco-corticoids); and
rostenedione, androsterone and dehydroepiandrosterone
(collectively called androgens) and to some extent
estrogen and progesterone. These constitute the
extraovarian sources of steroids.
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Cholesterol
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Progesterone

17-hydroxy-progesterone
21-hydroxylase

——

11-Deoxycortisol

11p-hydroxylase

Cortisol

The control of cortisol synthesis through ACTH is
regulated by the negative feedback, diurnal rhythm
and stress. Stress can override the negative feedback
mechanism and diurnal rhythm. A rise of plasma
cortisol causes a rapid suppression of ACTH. A fall
in cortisol level leads to increased production of
ACTH probably through release of CRH from the
hypothalamus.

The biosynthetic pathway in the secretion of cortisol
through series of enzymatic action (predominantly
21-hydroxylase) is as follows:
(a) Action of glucocorticoids

The main action of cortisol is anabolic.

(1) Antagonistic to insulin and tends to raise the
blood sugar.

(i1) Suppression of inflammatory reaction.
(ii1) Lipogenic effect.
(b) The action of androgens and adrenal steroids

is anabolic to antagonize the catabolic effects of
the glucocorticoids.

HYPOTHALAMOPITUITARY
OVARIAN AXIS

The hormones liberated from the hypothalamus,
pituitary and ovary are dependent to one another.
A well-coordinated axis is formed called hypothalamo-

pituitary ovarian axis (Fig. 7.6). The secretion of
hormones from these glands is modified through
feedback mechanism operating through this axis. The
axis may also be modified by hormones liberated from
the thyroid or adrenal glands.

FEEDBACK LOOP

¢ Thelong feedback loop refers to the feedback effects
of the ovarian steroids on both the hypothalamus
and pituitary. It is usually inhibitory (negative) but
may be stimulatory (positive-preovulatory).

¢ The short feedback loop relates the secretion of
GnRH by gonadotropins by interplay between
the neurotransmitters and the pituitary gonado-
tropins. FSH and LH exert negative feedback
effect on the hypothalamic production of GnRH.

¢ Ultrashort feedback loop refers to autoregulation
of the releasing hormones of the hypothalamus on
its own synthesis (Fig. 7.6).

FETAL LIFE

In terms of hormone production, the hypotha-
lamopituitary ovarian axis is active and functional
from approximately 20 weeks of fetal life. In fact,
the circulatory gonadotropin levels remain at a
higher level in fetal life than during neonatal period.
The development of ovarian follicles in the fetus
depends upon the gonadotropins released from the
fetal pituitary.

INFANCY AND CHILDHOOD

The high level of FSH and to a lesser degree of LH
at birth gradually decline and the minimum levels
are achieved by two years of age. The FSH levels are
highly sensitive to exogenous estrogen.

PREPUBERTY AND PUBERTY

The hypothalamopituitary-gonadal feedback system
is in operation for many years prior to puberty. Prior
to puberty, the hypothalamus is very much sensitive
to the negative feedback by even a small amount
of extragonadal steroids (estrogens produced by
peripheral conversion of androgens from adrenals).
As a result, the release of gonadotropin releasing
hormone (GnRH) from the hypothalamus and that of
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Fig. 7.6: Interplay of hormones along the hypothalamo-pituitary-ovarian axis through feedback mechanism
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FSH and LH from the anterior pituitary are kept in
abeyance. As puberty approaches, the hypothalamic
centers involved in the release of GnRH becomes
more and more sensitive to the positive feedback of
ovarian steroids. This may be related to increasing
androgens from adrenals. There is augmented GnRH
pulse release. This results in gradually increasing
gonadotropin secretion (LH > FSH) — increasing

ovarian stimulation — increasing estrogen levels —
tonic and pulsatile discharge of gonadotropins.

This increasing level of estrogen is responsible
for the growth and initiation of thelarche and finally
menarche. The development of the positive feedback
response to estrogen resulting in cyclic release of
gonadotropins occurs after a variable period following
menarche. As such, the first few cycles are expected
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to be anovulatory. The growth of pubic and axillary
hair is related to increase in the secretion of adrenal
androgens. The onset of this increase is called
adrenarche which occurs at age 8§—10 years.

OVARIAN AND MENSTRUAL CYCLE (p. 84)

Pregnancy and during ‘Pill’ intake—As the
estrogen level is high in both the conditions, the
pituitary gonadotropins remain static at low levels by
the negative feedback mechanism.

Following Delivery

During pregnancy, there is hypofunction of the axis
induced by high level of estrogen. The hypothalamic
hypofunction results in low levels of GnRH. In
the immediate postpartum period, there is pituitary
refractoriness to GnRH resulting in low FSH and LH
levels. High prolactin levels render the ovary less
sensitive to the already low gonadotropin stimulation
resulting in ovarian inactivity, low estrogen status and
anovulation. Even when ovarian activity resumes,
raised levels of prolactin give rise to short luteal phase
and reduced fertility.

Thus, the picture of the first three weeks post-
partum is one of hypothalamopituitary ovarian
inactivity which is prolonged by lactation under the
influence of prolactin secretion.

Perimenopausal Period

Few years prior to menopause, the ovarian
follicles become gradually resistant to the pituitary
gonadotropins. As a result of impaired folliculogenesis,
less estrogen is secreted. There is decrease in

DAILY PRODUCTION, SERUM

TABLE 7.2 VALUES AND URINARY EXCRETION
OF HORMONES
Hormones Follicular At Luteal
phase | ovulation phase

Daily production
Estradiol (ug) 50 150-300 100
Progesterone (mg) 2-3 20-30
Serum values
Estradiol (pg/mL) 50 300-600 | 150-200
Progesterone (ng/mL) <1 >5
FSH (mIU/mL) 10 15-20 10
LH (mIU/mL) 5 60 5
Daily excretion
Total estrogen (ug) 10-25 35-100 25-75
Pregnanediol (mg) <1 3-6

the negative feedback effect of estrogen on the
hypothalamic pituitary axis, resulting in increase
of FSH. The increase of FSH may also be due to
diminished follicular inhibin (see p. 74).

When menopause sets in, the estradiol level
comes down to basal 20 pg/mL and cannot have any
negative feedback effect on hypothalamo-pituitary
axis (see p. 76).

As a result, GnRH release is enhanced resulting
in increased synthesis and release of gonadotropins.
The pulsatile pattern is maintained and while the
frequency remains unaltered, the amplitude is
markedly increased.

Gradually with senescence, the GnRH secretion
is diminished and so also the gonadotropins and
estrogens, when the true menopause sets in.

KEY POINTS

> Hypothalamus has got neural connection with the cortex and through hypothalamo-portal system of vessels,

connected with the anterior pituitary.

> Among the specific releasing hormones, the important ones are GnRH, TRH, CRH and the prolactin secretion
is inhibited by PIF. Dopamine is a physiological inhibitor.

> GnRH is a decapeptide with a very short half-life (see p. 67).

> GnRH is secreted in a pulsatile manner. The amplitude and frequency vary in the menstrual cycle. The frequency
is rapid (one pulse/hr) in the follicular phase but slower (1 pulse/2-3 hours) in the luteal phase (see p. 67).

GnRH stimulates the release and synthesis of both LH and FSH from the same cells of the anterior pituitary in

pulsatile manner.

Contd...
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GnRH binds to the specific receptor on the surface membrane of the gonadotrophs. A second messenger is activated
combining Ca**, protein kinase C and cAMP together to stimulate the release of stored LH and FSH and their
subsequent synthesis (Fig. 7.2).

The neurohormonal control of GnRH secretion is very complex. A number of neurotransmitters and
neuromodulators (see p. 67) are involved to play their inhibitory (endogenous opioids, dopamine, inhibin) and
stimulatory (norepinephrine, prostaglandin, activin) roles (see p. 68).

Gonadotropins are secreted from the beta cells of anterior pituitary. These are glycoproteins. The hormone
specificity is ascertained by  subunits.

Down regulation is the decrease in sensitivity of the gonadotroph (adenohypophysis) receptors, due to continued
stimulation of GnRH. Upregulation is the increase in receptor sensitivity due to intermittent exposure to GnRH
(see p. 67).

GnRH analogues are produced by substitution of amino acids in the parent molecule (see p. 67) at the 6 and
10 positions. The agonists have greater potencies and longer half-lives than the parent GnRH.

Ovarian hormones determine the cyclic pattern of FSH and LH release (Fig. 7.6).

The half-life of LH is 30 minutes and that of FSH is 3.9 hours. LH acts primarily on the theca cells to produce
androgens. Granulosa cells convert androgens to estrogen by the enzyme aromatase.

FSH is predominantly morphogenic but in conjunction with LH, it is involved in maturation of oocyte, ovulation
and steroidogenesis. LH is predominantly steroidogenic. It also stimulates resumption of meiosis, helps in
ovulation and formation and maintenance of corpus luteum (see p. 70).

LH acts primarily on theca cells to produce androgens, whereas FSH acts primarily on the granulosa cells to
produce estrogens by aromatization of androgens (see p. 71). The ovary secretes three principal steroid hormones
: estradiol from the follicle, progesterone from the corpus luteum and androstenedione from the stroma (see p. 71).

Prolactin is secreted from the alpha cells and is a polypeptide. Thyrotrophic hormone is produced by the beta
cells.

The o subunits of LH, FSH, TSH and hCG are similar. Itis due to the different p subunits which provide specific
biologic activity for each hormone.

A number of peptides like activin, inhibin and follistatin are produced by GnRH from pituitary cells as well
as from the granulosa cells of the ovary. Inhibin inhibits FSH. Follistatin inhibits GnRH secretion (see p. 76).

Two cell, two gonadotropin concept of ovarian steroidogenesis states that LH stimulates the theca cells to
produce androgens, which are subsequently aromatized in the granulosa cells by FSH to produce estrogens
(see Fig 7.3A p. 72; Fig. 7.4A p. 73).

LH acts upon the luteinized granulosa cells to produce progesterone. Estrogen is also produced in luteal phase
under the influence of FSH and LH.

The midcycle LH surge initiates the resumption of meiosis-I. The primary oocyte under goes first meiotic
division giving rise to secondary oocyte and first polar body (see p. 86).

The second meiotic division is completed only after fertilization by a sperm. The ovum and second polar body
is then developed (see p. 86).

The sites of production of estrogens, predominantly the estradiol, are granulosa cells, luteinized granulosa
cells, theca cells and stroma of the ovary. The estrogens are produced by two-cell two gonadotropin concept
(Fig. 7.3A and 7.4A).

Contd...
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> Androstenedione is converted to estrone in the adipose tissue. Estradiol and estrone are interconvertible. Estrone
sulfate is the major circulating estrogen and has a long half-life.

> Estradiol exerts a negative feedback effect on the hypothalamopituitary axis. However, when the level is raised to
more than 200 pg/mL and sustained for 2448 hours, it has got positive feedback effects. The positive feedback
effect cannot occur in the luteal phase because of progesterone.

> Progesterone has 21 carbon atoms, androgens have 19 carbon atoms and estrogens have 18 carbon atoms. The
progesterone is secreted from the luteinized thecagranulosa cells of the corpus luteum, theca granulosa cells
of the follicle and from the stroma. Trace amount of 17-a-hydroxy progesterone in the preovulatory period is
essential for final maturation of the oocyte and involved in LH surge.

> Serum progesterone levels are <1 ng/mL before ovulation and reach 10-20 ng/mL at the mid luteal phase.

> Progesterone has got negative feedback on the hypothalamopituitary axis; principally upon the midcycle
gonadotropin surge and is responsible for its short duration.

> Estrogen stimulates the synthesis of both estrogen and progesterone receptors in target tissues. Progestins
inhibit the synthesis of both the receptors. Progesterone has antimitotic and antiproliferative action (see p. 75).

> Normal enlargement of thyroid gland occurs during puberty, pregnancy and menopause.
> Menstrual function is significantly disturbed in thyroid dysfunction.

> The biosynthetic pathway in the secretion of cortisol is through series of enzymatic action from cholesterol via
17-a-hydroxy progesterone.

> The hypothalamopituitary axis is active and functional from 20 weeks of fetal life (see p. 77).

> At puberty, increasing estrogen levels result in pulsatile release of gonadotropins. The development of positive
feedback effect occurs 2-3 years following menarche (see p. 77).

> During pregnancy and ‘pill” taking period, gonadotropins remain static at low levels (see p. 79).

> During first three weeks postpartum, there is hypothalam-opituitary-ovarian inactivity due to high level of
prolactin. As menopause approaches, there is less production of estrogens and the remaining ovarian follicles
become resistant to gonadotropins. There is decrease in follicular inhibin. The combined effects result in increase
in FSH and later on LH also. When the estradiol level falls below 20 pg/mL, menopause sets in (see p. 57).

GnRH release is also enhanced because of decrease in negative feedback effect of estrogen. This results also in
increased release and synthesis of gonadotropins (p. 58).

> Dominant follicle is selected by days 5 and 7. The dominant follicle on ultrasonography has a maximum diameter
of about 20 mm and a volume of 3.8 mL. The dominant follicle secretes more estradiol which in turn induces
more FSH receptors (see p.85, Fig. 8.3A, 8.4)

> FSH induces LH receptors on granulosa cells.

> The actions of FSH and LH on the follicles are modulated by a group of peptides and growth factory by autocrine
and paracrine nodes. Inhibin, secreted in the granulosa cells by FSH, directly suppresses FSH. Activin augments
FSH secretion and action (see p. 76).

> Successful development of a follicle depends on the FSH induced aromatase activity in the granulosa cells to
convert the follicular microenvironment from androgen dominated to an estrogen dominated one (see p. 70, 85).



Menstruation

DEFINITION

Menstruation is the visible manifestation of cyclic
physiologic uterine bleeding due to shedding of
the endometrium following invisible interplay of
hormones mainly through hypothalamo-pituitary-
ovarian axis. For the menstruation to occur, the
axis must be actively coordinated, endometrium must
be responsive to the ovarian hormones (estrogen and
progesterone) and the outflow tract must be patent.

ANATOMICAL ASPECT

The period extending from the beginning of a period
(mens) to the beginning of the next one is called
menstrual cycle. The first menstruation (menarche)
occurs between 11-15 years with a mean of
13 years. It is more closely related to bone age
than to chronological age. For the past couple of
decades, the age of menarche is gradually declining
with improvement of nutrition and environmental
condition. Once the menstruation starts, it continues
cyclically at intervals of 21-35 days with a mean
of 28 days. Physiologically, it is kept in abeyance
due to pregnancy and lactation. Ultimately, it ceases
between the ages 45-50 when menopause sets in.
The duration of menstruation (mens) is about 4-5
days and the amount of blood loss is estimated to
be 20 to 80 mL with an average of 35 mL. Nearly
70 percent of total menstrual blood loss occurs in
the first 2 days. The menstrual discharge consists
mainly of dark altered blood, mucus, vaginal epithelial
cells, fragments of endometrium, prostaglandins,
enzymes and bacteria.

FOLLICULAR GROWTH AND ATRESIA

¢ Germ cells
¢ Primordial follicle

¢ Cyclic maturation of the follicle (ovarian cycle)
— Ovulation
— Corpus luteum

¢ Follicular atresia.
GERM CELLS

ORIGIN: The germ cells migrate from the endoderm
of the yolk sac in the region of hindgut. From there,
they migrate into the genital ridge (between 5 and
6 weeks of gestation) passing through the dorsal
mesentery of the hindgut. A peptide, called, telopheron
directs this anatomic migration. The migration is
probably through amoeboid activity or by chemotactic
mechanism between 4 and 6 weeks gestation. In the
gonadal ridge, the oogonia are surrounded by clumps
of epithelial cells (see Fig. 3.5).

MULTIPLICATION

The germ cells undergo rapid mitotic division and
by 20 weeks, the number reaches about 7 million.
While majority of the oogonia continue to divide
until 7th month of gestation, some enter into the
prophase of first meiotic division and are called
primary oocytes. These are surrounded by flat cells
from the stroma (pregranulosa cells) and are called
primordial follicles. The primary oocytes continue
to grow through various stages of prophase (leptotene,
zygotene, pachytene and diplotene) and ultimately
reach to the stage of diplotene or else become atretic.
Primary oocytes are then arrested in the diplotene stage
of prophase of first meiotic division, until ovulation.

Total number of oocytes at 20 weeks of intra-
uterine life is about 6—7 million. At birth, the total
number of primordial follicles is estimated to be
about 2 million. The primary oocytes do not finish
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the first meiotic division until puberty is reached.
At puberty, some 400,000 primary oocytes are
left behind, the rest become atretic. During the
entire reproductive period, some 400 are likely to
ovulate. Thus, the important feature is the tendency
of the sex cells to undergo degeneration. The
degeneration starts in the intrauterine life and
continues throughout childhood and the childbearing
period. As a result, no more follicles with ova can be
detected in menopausal women.

MATURATION

The essence of maturation is reduction of the number
of chromosomes to half. The primary oocyte remains
in diplotene phase until shortly before ovulation
unless it undergoes atresia. It is the midcycle LH
surge that initiates the resumption of meiosis-1.
The primary oocyte undergoes first meiotic division
giving rise to secondary oocyte and one polar body.
The two are of unequal size, the secondary oocyte
contains haploid number of chromosomes (23, X) but
nearly all the cytoplasm. The small polar body also
contains haploid number of chromosome (23, X) but
with scanty cytoplasm. The formation of secondary
oocyte occurs with full maturation of Graafian follicle
just prior to ovulation.

The secondary oocyte immediately begins the
second meiotic division but stops at metaphase. The
secondary oocyte completes the second meiotic
division (homotypical) only after fertilization by

a sperm in the fallopian tube. The division results
in the formation of the two unequal daughter cells
each possessing 23 chromosomes (23, X). The larger
one is called the ovum (female pronucleus) and the
smaller one is the second polar body. In the absence
of fertilization, the secondary oocyte, does not
complete the second meiotic division and degene-
rates as such. Thus, the first stage of maturation of the
oocyte occurs within the follicle but the final stage is
achieved only after fertilization in the fallopian tube.

The arrested meiotic division of the oocyte prior
to ovulation is probably due to oocyte maturation
inhibition (OMI) factor present in the follicular fluid.
OMI is secreted by the granulosa cells. The resum-
ption of meiosis occurs due to the midcycle LH surge.

PRIMORDIAL FOLLICLE

The primordial follicle consists of an oocyte, which
is surrounded by a single layer of flattened granulosa
cells. The follicle measures about 0.03—0.05 mm. The
oocyte (primitive ovum) measures about 18-24 p in
diameter, nucleus 12 p and nucleolus 6 p. Throughout
childhood, the primordial follicles grow very slowly.
Thin growth is not dependent on gonadotropins.

MORPHOLOGY OF THE OOCYTE

With the maturation of the follicle, there is simul-
taneous enlargement of the oocyte although at a
lesser pace. While the follicle continues to enlarge

Zona Vitelline Perivitelline
pellucida membrane space

Corona
radiata

Primary oocyte
in division

Fig. 8.1: Morphology of the oocyte

Polar

Polar body

in division

Secondary oocyte
in division
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until just prior to ovulation, the oocyte ceases to
enlarge around the time of antrum formation. The
morphological features of the primary oocyte just
prior to ovulation (often erroneously called mature
ovum) are as follows:

It measures about 130 microns and the nucleus
measures 20—25 microns. This is in contrast with
20 microns and 10 microns, respectively in the
primordial follicle. The radially arranged granulosa
cells surrounding the oocyte is called corona radiata.
The oocyte is surrounded by an outer envelope called
zona pellucida, a glycoprotein layer, secreted by the
growing oocyte (Fig 8.1). The cytoplasm, also called
vitellus contains nutritive yolk granules and is limited
by a definite membrane called vitelline membrane.
The space between the vitelline membrane and the
zona pellucida is called perivitelline space. The
spherical nucleus is located near the center of the
cytoplasm. The nucleolus is large with sparsely
distributed chromatin. Shortly before ovulation,
meiosis is reinitiated. At the completion of the first and
second meiotic division, the number of chromosomes
in the oocyte is halved (23, X) and the two polar
bodies which are formed are pushed to the perivitelline
space. The first polar body is formed just prior to

ovulation and the second one just after fertilization
(Figs 8.1 and 8.2).

MENSTRUAL CYCLE

OVARIAN CYCLE

Definition

The development and maturation of a follicle,
ovulation and formation of corpus luteum and its
degeneration constitute an ovarian cycle. All these
events occur within 4 weeks.

Thus, the ovarian cycle consists of:

¢ Recruitment of groups of follicles

¢ Selection of dominant follicle and its maturation.
¢ Ovulation

¢ Corpus luteum formation

¢ Demise of the corpus luteum.

Recruitment of groups of follicles

(Preantral phase)

The cohort of the growing follicles undergoes a process
of development and differentiation which takes about
85 days and spreads over 3 ovarian cycles.

pellucida

Basement membrane

Theca

Zona externa

Discus
proligerus

interna

Fig. 8.2: Development of Graafian follicle
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It is not clear as to how many and which of the
primordial follicles amidst several thousands are
recruited for a particular cycle. It is presumed that
about 20 antral follicles (about 5—10 per ovary)
proceed to develop in each cycle.

The initial recruitment and growth of primordial
follicles are not under the control of any hormone.
After a certain stage (2—5 mm in size) the growth and
differentiation of primordial follicles are under the
control of FSH. Unless the follicles are rescued by
FSH at this stage, they undergo atresia.

There is predominant change is in the oocyte
which is enlarged out of proportion to the size of the
follicle. The oocyte is now surrounded by an acellular
barrier of glycoprotein produced by the follicular
cells and is called zona pellucida. The flattened outer
single layer pregranulosa cells become cuboidal and
multilayered—now called granulosa cells. There is
appearance of channels (gap junctions) between the
granulosa cells and the oocyte. Through these gap
junctions nutrition to the oocyte is maintained. There
is noticeable beginning of differentiation of the theca
interna layer of ovarian stroma surrounding the follicle.
The granulosa cells now acquire FSH receptors.

Selection of a dominant follicle and its maturation
The Graafian follicle is named after the Dutch
physician and anatomist Reijnier de Graaf
(1641-1673). The development of antrum containing
secondary or vesicular follicle from the solid primary
follicle depends on FSH.

\AA

254 Recruitment—» Selection — Dominance
B
£ 204 Cohort of O DF
= growing /XO“
2 \)('a
g 15- follicles O \\a\
S L
T . DF
L
3 O—»90—»p%% —p o
(%]
2 5 Ooo O;é? 00(9 o°c9
uc: Menses Atresia

0

1 3 5 7 9 11 13 15
Day of menstrual cycle

Fig. 8.3: Selection and maturation of the dominant
follicle (DF) during a natural cycle

Fig. 8.3A: Color Doppler (TV) sonogram showing a
mature Graafian follicle prior to ovulation

There is accelerated growth of all the components of
the follicles of the prentral phase. The granulosa cells
grow faster than the theca cells. There is production
of follicular fluid which is primarily an ultrafiltrate of
blood from the vessels within theca interna. The fluid-
filled space is formed amidst the granulosa cells. The
spaces coalesce to form an antrum.

Dominant Follicle % ? %
As early as day 5-7, one of the follicles é "y %
out of so many becomes dominant and ~ www.~

undergoes further maturation. It seems probable
that the one with highest antral concentration
of estrogen and lowest androgen: estrogen ratio
(estrogenic microenvironment) and whose
granulosa cells contain the maximum receptors
for FSH, becomes the dominant follicle. The rest of
the follicles become atretic by day 8 (Fig. 8.3).

There is marked enlargement of the granulosa cells
with lipid inclusion. The granulosa cells surround the
ovum to form cumulus oophorus or discus proligerus
which infact anchors the ovum to the wall of the
follicle. The cells adjacent to the ovum are arranged
radially and is called corona radiata (Figs 8.2 and
8.4). At this stage, FSH induces LH receptors on the
granulosa cells of the dominant follicle. LH receptor
induction is essential for the midcycle LH surge to
induce ovulation, luteinization of the granulosa cells
to form corpus luteum and secretion of progesterone
(two cell, two gonadotropin therapy—see p. 72).

Theca cells becomes vacuolated and more vascular
than those of other antral follicles. The theca cells are
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separated from the granulosa cells by a polymerized

membrane called membrana granulosa. Just prior to

ovulation, LH may act to depolymerize this membrane

to facilitate vascularization of the granulosa cells.
The follicular fluid is increased in amount.

The fluid contains estrogens, FSH, trace amount

of androgen, prolactin, OMI (oocyte maturation

inhibitor), LI (luteinization inhibitor), inhibin—which

acts centrally to inhibit FSH, proteolytic enzymes,

plasmin, etc.

The fully mature Graafian follicle just prior to

ovulation measures about 20 mm, and is composed

of the following structures from outside inward (Fig.

8.4).

Theca externa.

Theca interna.

Membrana granulosa (limitans).

Granulosa cell layer.

o a0 o

Discus proligerus in which the ovum is incor-
porated with cells arranged radially (corona
radiata).

f. Antrum containing vesicular fluid.

As previously mentioned, it takes 3 months for the
follicle to grow and mature to ovulation—2 months
to reach an antral stage measuring 1 mm; 2 weeks
to reach 5 mm and another 2 weeks to reach 20 mm
before ovulation.

Oocyte
Nucleus
Zona
pellucida

Corona
radiata
Discus
proligerus

Fluid-filled
Follicular cavity
(Antrum)

Granulosa
cells

Membrana
granulosa
Theca
interna
Theca
externa

Fig. 8.4: A mature Graafian follicle

Ovulation

The dominant follicle, shortly before ovulation
reaches the surface of the ovary. The cumulus
becomes detached from the wall, so that the ovum
with the surrounding cells (corona radiata) floats
freely in the liquor folliculi. The oocyte completes
the first meiotic division with extrusion of the first
polar body which is pushed to the perivitelline space.
The follicular wall near the ovarian surface becomes
thinner.The stigma develops as a conical projection
which penetrates the outer surface layer of the ovary
and persists for a while (30—-120 seconds) as a thin
membrane. The cumulus escapes out of the follicle by
a slow oozing process, taking about 60—120 seconds
along with varying amount of follicular fluid. The
stigma is soon closed by a plug of plasma.

Causes

The following are the possible explanations which
may operate singly or in combination.

Endocrinal
¢ LH surge

Sustained peak level of estrogen for 2448 hours
in the late follicular phase results in LH surge from
the anterior pituitary (positive feedback effect).
Effective LH surge persists for about 24 hours.
The LH surge stimulates completion of retuction
division of the oocyte and initiates luteinization
of the granulosa cells, synthesis of progesterone
and prostaglandins.

¢ FSH rise

Preovulatory rise of 17-a-hydroxy progesterone
facilitates the positive feedback action of estrogen
to induce FSH surge — increase in plasminogen
activator — plasminogen — plasmin — helps
lysis of the wall of the follicle.

Thus, the combined LH/FSH midcycle surge

is responsible for the final stage of maturation,
rupture of the follicle and expulsion of the oocyte.

Stretching factor

It is more a passive stretching causing necrobiosis
of the overlying tissue rather than rise in
intrafollicular pressure which remains static at
about 10-15 mm Hg.
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Contraction of the micromuscles in the theca
externa and ovular stroma due to increased local
prostaglandin secretion.

Effects of Ovulation

Following ovulation, the follicle is changed to corpus
luteum. The ovum is picked up into the fallopian
tube and undergoes either degeneration or further
maturation, if fertilization occurs. Menstruation is
unrelated to ovulation and anovular menstruation
is quite common during adolescence, following
childbirth and in women approaching menopause.

Corpus Luteum

After ovulation, the ruptured Graafian follicle
develops into corpus luteum. The life cycle is divided
into four stages:

= Proliferation

= Vascularization

=  Maturation

= Regression

Stage of Proliferation

The collapsed walls of the empty follicle form
convolutions. The opening through which the
ovum escapes soon becomes plugged with fibrin.
The granulosa cells undergo hypertrophy without
multiplication. The cells become larger, polyhedral
with pale vesicular nuclei and frothy cytoplasm. The
cells are called granulosa lutein cells. The color of the

Granulosa
lutein cell

Follicular cavity
(with fibrin and clot)

Theca lutein cell

Fig. 8.5: Histologic appearance of a section
of corpus luteum

corpus luteum at this stage is greyish yellow due to
presence of lipids (Fig. 8.5).

Stage of Vascularization

Within 24 hours of rupture of the follicle, small
capillaries grow into granulosa layer towards the
lumen accompanied by lymphatics and fibroblasts. The
sprouting vessels may rupture and bleed in the cavity.

Stage of Maturation

By 4th day, the luteal cells have attained the maximum
size. Approximately about 7-8 days following
ovulation, the corpus luteum attains a size of about
1-2 cm and reaches its secretory peak. There is
hypertrophy of the theca interna cells. The cells
persist in the periphery and in the septa and are
called paralutein cells. Some theca lutein cells called
‘K’ cells invade the granulosa layer. The lutein cells
become greatly enlarged and develop lipid inclusion,
giving the cells a distinctive yellowish color. The
color is due to the pigment carotene. The cavity
may be small containing scanty fluid.

Stage of Regression

On the day 22-23 of cycle, retrogression starts.
The first evidence of degeneration is appearance of
vacuolation in the cells. There is deposition of fat
in the lutein cells and appearance of hyaline tissue
between them. The lutein cells atrophy and the corpus
luteum becomes corpus albicans. Regression of corpus
luteum is due to withdrawal of tonic LH support.

If, however, fertilization occurs in the particular
cycle, regression fails to occur, instead it is converted
into corpus luteum of pregnancy.

Hormones in Relation to Formation and
Maintenance of Corpus Luteum

1. FSH in presence of high level of estrogen
induces LH receptors in the granulosa cells of
the dominant follicle. Thereafter midcycle LH
surge causes luteinization of the granulosa cells
and progesterone secretion. LH secretion must
be continued for the function of corpus luteum,
failing which the corpus luteum will regress.

2. Adequate folliculogenesis in the preovulatory
phase with increased secretion of estradiol and of
17-0-hydroxy progesterone is a prerequisite for
adequate corpus luteum formation.
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3. Low level of prolactin: Corpus luteum has a
life span of about 12—14 days. The cause of
degeneration of corpus luteum in an infertile
cycle is not clear. It has been suggested that
prostaglandin F2 a liberated from the ovary is
luteolytic. Estradiol is also considered to have
luteolytic effect. The role of prolactin is not clear.

Corpus Luteum of Pregnancy

There is a surge of hyperplasia of all the layers between
23rd to 28th day due to chorionic gonadotropin. hCG,
like LH will stimulate the corpus luteum to secrete

progesterone. The ‘K’ cells are also increased in
number. The growth reaches its peak at about 8th
week when it measures about 2-3 cm. It looks bright
orange, later on becomes yellow and finally pale.
Regression occurs following low levels of chorionic
gonadotropin and the degenerative changes take place
most frequently at about 6 months of gestation.

Hormone Secretion

Hormones—predominantly progesterone is secreted
by the corpus luteum to support the endometrium of
the luteal phase. There is also secretion of estrogen,
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Early proliferative phase

Late proliferative phase

Fig. 8.6: Endometrium in proliferative and early secretory phase. Note the tendency of tortuosity of the glands and
the characteristic subnuclear vacuolation in early secretory phase (cf compare with those of proliferative phase)

Low magnification

High magnification

Early secretory phase




Chapter 8 < MENSTRUATION

89

inhibin and relaxin. Progesterone along with
estrogen from corpus luteum maintain the growth
of the fertilized ovum. This is essential till the luteal
function is taken over by the placenta. This turn
over of function from corpus luteum of pregnancy
to placenta is called luteal-placental shift. This
transition period continues from seven weeks
to ten weeks. In the absence of pregnancy, there is
fall in the levels of serum estradiol, progesterone
and inhibin. This removes the inhibitory control
of GnRH and FSH. Gradual increase in FSH is

responsible for fresh recruitment of follicles for the
next cycle.

FOLLICULAR ATRESIA

Atresia is a continued process which actually starts at
20th week of intrauterine life and ends at menopause.
It may affect a follicle at any stage of development.
However, the following descriptions are related
to atretic changes of a maturing follicle which is
ultimately left out in the race of a dominant follicle.

Low magnification

High magnification

Mid secretory phase

Late secretory phase

Fig. 8.7: Endometrium in secretory and menstrual phase. Note the marked tortuosity of the glands with secretion in
the lumen in the midsecretory phase. The nucleus is pushed to the base

Menstruation
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Changes in the ovum occur first. The ovum swells and
undergoes hyaline and fatty degeneration. Granulosa cells
then regress at a faster rate than the cells of theca interna.
Hyaline tissue is deposited beneath the membrana granulosa
to form the glass membrane which is the classic feature
of follicular degeneration. Liquor folliculi is gradually
absorbed with increasing formation of hyaline tissue in
the glass membrane. Eventually, the follicle collapses; its
cavity is obliterated when the opposing surfaces of the glass
membranes come in contact. In the periphery, deep staining
theca interna cells persist and are called interstitial cells of
the ovary. These cells atrophy after menopause.

CAUSES OF GERM CELL LOSS AND
FOLLICULAR ATRESIA

Exact factors are unknown. The following are the
possible explanations for follicular degeneration and
atresia:

» Oogonia having no granulosa cell layer envelope.

D Follicles that do not enter the germ cell meiotic
division

D Follicles not rescued by FSH

D Follicles not having estrogen induced FSH
receptors

D Follicles loosing FSH receptors due to negative
feedback effect of estrogen secreted by the
dominant follicle

D Follicles loosing FSH receptors due to high
androgen: estrogen ratio (androgenic follicular
microenvironment)

D Genetic influence—as in 45, X individual
D Apoptosis—programmed cell death.

Under the action of LH, more androgens are
formed from these thecal cells which perhaps have got
two functions: (i) to enhance the process of atresia
of the small follicles; and (ii) to stimulate libido
specially noticed in midmenstrual period.

ENDOMETRIAL CYCLE

The endometrium is the lining epithelium of the
uterine cavity above the level of internal os. It consists
of surface epithelium, glands, stroma and blood
vessels. Two distinct divisions are established—
basal zone (stratum basalis) and the superficial
functional zone.

BASAL ZONE

It is about one-third of the total depth of the
endometrium and lies in contact with the myometrium.
It consists of stromal cells which stain deeply and are
compactly placed. The base of the endometrial glands
extends into the layer. The zone is supplied by the
basal arteries. The zone is uninfluenced by hormone
and as such, no cyclic changes are observed. After
shedding of the superficial part during menstruation,
the regeneration of all the components occurs from
this zone. It measures about 1 mm.

FUNCTIONAL ZONE

This zone is under the influence of fluctuating cyclic
ovarian hormones, estrogen and progesterone. The
changes in different components during an ovulatory
cycle has been traditionally divided into four stages
(Figs 8.6 to 8.9).

¢ Regenerative phase.
¢ Proliferative phase.
¢ Secretory phase.

¢ Menstruation.

STAGE OF REGENERATION

Regeneration of the endometrium starts even before
the menstruation ceases and is completed 2-3 days
after the end of menstruation. The cubical surface
epithelium is derived from the gland lumina and
stromal cells. New blood vessels grow from the
stumps of the old one. The glands and the stromal cells
are regenerated from the remnants left in the basal
zone. The glands are lined by the cubical epithelium
and lie parallel to the surface. The stromal ground
substance re-expands. The thickness averages 2 mm.

STAGE OF PROLIFERATION

This stage extends from 5th or 6th day to 14th day
(till ovulation). The proliferative changes occurs
due to rise in level of ovarian estrogens. There is
proliferation of all the elements—at first slowly but
later on at a rapid pace. The glands become tubular
and lie perpendicular to the surface. The epithelium
becomes columnar with the nuclei placed at the base.
The epithelium of one gland becomes continuous
with the neighboring gland. Mitosis is evident in the
epithelial cells. The stromal cells become spindle-
shaped with evidences of mitosis and are compact.
The spiral vessels extend unbranched to a region
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below the epithelium where they form loose capillary
network. There may be evidences of subepithelial
congestion. The thickness measures about 3—4 mm.

SECRETORY PHASE

The changes of the components are due to the combined
effects of estrogen and progesterone liberated from
the corpus luteum after ovulation. The endometrium
contains receptors for progesterone which are induced
by estrogen. Thus, the progesterone can only act on
the endometrium previously primed by estrogen.

All the components display their growth. It begins
on day 15 and ceases 5-6 days prior to menstruation.
The surface epithelium becomes more columnar
and ciliated at places. The glands show predominant
changes. The glands increase in size. The lining
epithelium become taller. There is appearance of
vacuoles due to secretion of glycogen between the
nuclei and the basement membrane. This is called
subnuclear vacuolation, which is the earliest (36—48
hours) evidence of progesterone effect (ovulation).
The subnuclear vacuolation persists until about
21st day of cycle. The intracellular secretion then
enters the gland lumina on the way to the uterine
cavity pushing the nuclei back towards the basement
membrane. The effect is a saw-toothed glandular
epithelium. The fluid has got nutritive value for any
fertilized ovum reaching the uterus during that time.
The glands become corkscrew-shaped. The blood
vessels undergo marked spiraling.

Fig. 8.8: Transvaginal scan demonstrating thickened,
triple line endometrium (preovulatory phase)

The stromal cells become swollen, large and
polyhedral and after the 21st day tend to collect more
superficially around the neck of the glands. The deeper
spongy layer is composed of convoluted glands,
coiled arterioles and comparatively few stromal
cells in edematous stroma. Histochemical studies
show increase in glycogen and acid phosphatase.
Histological staining is eosinophilic The thickness
of the endometrium reaches its highest (6—8 mm)
(Fig. 8.8).

The endometrial growth ceases 5-6 days prior
to menstruation (22nd or 23rd day of cycle) in an
infertile cycle. This is due to dehydration of the
glands. The subepithelial capillaries and the spiral
vessels are engorged. The regressive changes in the
endometrium are pronounced 24—48 hours prior
to menstruation. There is marked spiralling of the
arteries and the withdrawal of hormones estrogen
and progesterone causes intense spasm of the spiral
arterioles at the basal part. These two lead to stasis and
tissue anoxemia. There are evidences of infiltration of
leucocytes and monocytes in the stroma.

MENSTRUAL PHASE

It is essentially degeneration and casting off an
endometrium prepared for a pregnancy. Regression
of corpus luteum with fall in the level of estrogen
and progesterone is an invariable preceding
feature. As a result of withdrawal of hormone support,
there is retrogressive changes in the endometrium as
mentioned earlier.

MECHANISM OF MENSTRUAL BLEEDING

The degenerative changes are predominantly of
vascular origin. Stasis of blood and spasm of the
arterioles lead to damage of the arteriolar walls.
Phase of relaxation leads to escape of blood out
of the vessels through the damaged walls. The
degenerative process is rapid and involves all the
components of the functional damaged layer. There
is local tissue destruction by release of proteolytic
enzymes from the breakdown of lysosomes. So there
is enzymatic autodigestion of the functional zone.
The bleeding occurs from the broken arteries, veins
and capillaries and also from the stromal hematoma.
The blood along with the superficial functional layer
is shed into the uterine cavity. The blood coagulates
in the uterine cavity but soon liquefies by plasmin
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unless the bleeding is very brisk and rapid. The
menstrual flow stops as a result of combined effect
of prolonged vasoconstriction, myometrial contraction
and local aggregation of platelets with deposition
of fibrin around them. Endothelin and platelet
activating factor present in the endometrium are potent
vasoconstrictors. Resumption of estrogen secretion
leads to clot formation over the decapitated stumps
of endometrial vessels. There is simultaneous repair
of endometrium. This is under control of estrogen and
different growth factors.

ROLE OF PROSTAGLANDINS

It is likely that the arteriolar constriction and
endometrial necrosis are caused by prostaglandins.
The endometrium and partly the myometrium,
synthesize the prostaglandins from arachidonic
acid by the enzyme cyclo-oxygenase. Different
prostaglandins have got different action. PGFa
causes myometrial contraction and vasoconstriction.
It seems to play a dominant role in normal cycle.
PGE, produces myometrial contraction but causes
vasodilatation. PGIL, (Prostacyclin) causes myometrial
relaxation and vasodilatation. It also inhibits platelet
activity. Thus, the menstrual pain and blood flow are
probably related to the relative proportion of different
prostaglandins present in the endometrium.

HORMONES IN RELATION TO OVARIAN AND
MENSTRUAL CYCLE

The outcome in relation to hormonal interplay in
normally menstruating women includes:

e Growth and development of the Graafian follicle.
e Ovulation.

e Maintenance and demise of corpus luteum.

e Endometrial growth and shedding.

GROWTH AND DEVELOPMENT OF
THE FOLLICLE (FIG. 8.9)

At the beginning of a menstrual cycle, a low level
of estrogen and inhibin secreted from the previous
weaning corpus luteum maintains a high FSH level
through release of negative feedback of estrogen.
The FSH increases not only its own receptors in
the granulosa cells but also LH receptors in theca
cells. Initial sustained low level of LH stimulates the

production of estrogen. Under the synergistic effect
of FSH and estrogen, multiplication of the granulosa
cells, formation of the follicular fluid and synthesis of
more LH receptors in the theca cells occur.

With increased secretion of estrogen, the FSH level
is lowered through a negative feedback mechanism.
Thus, the initial high level of FSH comes down to a
static base level by day 5. Paradoxically, the increasing
LH level with the rising estrogen level stimulates
androgen production in the theca cells. Granulosa cells
now utilize the increased androgen produced from the
theca cells for the synthesis of estrogen.

The falling FSH level with peak rise of estrogen in
the late follicular phase increases the LH receptors in
the granulosa cells. Final maturation of the follicle is
thus achieved by the combined effect of FSH and LH.

ROLE OF PEPTIDES AND GROWTH FACTORS
(P.76)

Peptides—FSH stimulates the granulosa cells to
produce a number of peptides like inhibin, activin
and follistatin. Activin is also secreted by the pituitary
gland. Inhibin directly inhibits FSH, where as activin
stimulates FSH.

Growth factors—Insulin like growth factors (IGF),
epidermal growth factors and others, modulate the
action of FSH, LH and the peptides. IGF-11, is produced
in the theca cells. It stimulates aromatase activity and
progesterone synthesis in the granulosa cells.

OVULATION

LH surge initiates luteinization acting through its
receptors about 24—48 hours. prior to ovulation. A
trace amount of 17-0-hydroxy progesterone is formed
which is probably responsible for completion of the
first meiotic division of the oocyte and compounds
the effect of estrogen for LH surge. Progesterone
also facilitates the positive feedback action to induce
FSH surge — increase in plasminogen activator —
plasminogen — plasmin — helps lysis of the folli-
cular wall.

After the estradiol reaches beyond the critical

level of 200 pg/mL and is sustained for about 48
hours, it exerts a positive feedback action to LH
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from the anterior pituitary (LH surge). Ovulation
occurs approximately 10-12 hours after the LH
peak or 32-36 hours after the onset of LH surge. A
threshold of LH surge generally persists for 24 hours.
Ovulation coincides approximately 24-36 hours
after the peak estradiol level. LH surge stimulates
completion of the reduction division of the oocyte
and initiates luteinization of the granulosa cells and
synthesis of progesterone and prostaglandins.

Thus, the combined LH/FSH midcycle surge is
responsible for the final stage of maturation of the
follicle, completion of the first meiotic division of
the oocyte with extrusion of the first polar body and
expulsion of the oocyte (ovulation).

The drop in LH level following its peak may
be due to desensitization of LH receptors or due to
negative feedback effect of progesterone. This down
regulation results in a refractory state during which
there is diminished steroidogenesis.

APPROXIMATE TIME INTERVAL

TABLE 8.1 OF EVENTS IN MENSTRUAL CYCLE

PRIORTO OVULATION

Events Hours
Estradiol rise 83
Onset of LH surge 34-36
Estradiol peak 24-36
LH peak 10-12
Progesterone rise 8

MAINTENANCE AND DEMISE OF CORPUS
LUTEUM

Soon following the LH surge, the level of estrogen
drops down within an hour and the LH peak after
24 hours. LH initiates and maintains the corpus
luteum from which both progesterone and estrogen
are secreted. The estrogen attains a lower level
and maintains a plateau curve as against a peak
rise in follicular phase. 17-a-hydroxy progesterone
parallels with the estradiol level in the luteal phase.
Progesterone attains its highest peak about 8 days
after the LH peak. Through intraovarian and central
negative feedback mechanisms, progesterone acts
to suppress new follicular growth. As the estrogen
and progesterone attain their highest peak, they

exert a negative feedback effect on LH and FSH
in an infertile cycle and the level of LH and FSH
drops down to a minimum. The lysis of the corpus
luteum occurs and so the secretion of progesterone
and estrogen falls. The life span of corpus luteum
is about 12-14 days. With the fall of estrogen
and progesterone, FSH level again rises under the
influence of GnRH to exert its effect on follicular
growth and maturation for the next cycle (Figs 8.9
and 8.10).

ENDOMETRIAL GROWTH AND SHEDDING

Estrogen secreted in the follicular phase produces
proliferative changes in the endometrium and
induces receptors for progesterone. In the luteal
phase, progesterone acts on the estrogen primed
endometrium having sufficient number of receptors
and produces secretory changes. In the infertile
cycle, with the fall of estrogen and progesterone,
the endometrium becomes unsupported to the
hormones and degeneration occurs — menstruation
(Fig. 8.10).

Endometrial sample biopsy and histology can
precisely determine the date of menstrual cycle. Any
discrepancy of more than two days when examined
in the post ovulatory phase is called luteal phase
defect. This method of endometrial examination is
called dating of endometrium.

LUTEAL-FOLLICULAR SHIFT

This period extends from the demise of corpus
luteum (fall of serum estradiol, inhibin and
progesterone level) to the selection of a dominant
follicle for the next cycle. The recruitment of follicles
is done by FSH. The decrease in inhibin level removes
its suppressive effect of FSH secretion in the pituitary.
FSH level starts rising about 2 days before the onset
of menses. Fall in the level of estradiol and proge-
sterone allows pulsatile secretion of GnRH. Rising
FSH level rescues the follicles from atresia and selects
the dominant follicle.

MENSTRUAL SYMPTOMS

In majority, apart from bleeding per vaginum there is
no symptom. Initially, it begins as pink discharge but
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Fig. 8.10: Hormones controlling the ovarian and endometrial cycles
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on day 2 and 3 it becomes dark red. In teenagers or
nulliparous, there may be associated tolerable colicky
pain at the beginning due to uterine contraction. If the
pain is of sufficient magnitude so as to incapacitate
the day-to-day activities, it is called dysmenorrhea
(see Ch 14). There may be premonitory symptoms
such as pelvic discomfort, backache, fullness of
the breasts or mastalgia just prior to menstruation.
Headache or depression may be present. If these
premonitory symptoms are predominant, these
are grouped into a syndrome called “premenstrual
syndrome” and is dealt separately in a later chapter.

MENSTRUAL HYGIENE

Sympathetic and careful handling of the young girls
experiencing first menstruation is of paramount
importance. This should be done by the mother
explaining the physiological and other associated
changes during period. The girls should continue with
their normal activities. The daily bath should not be
suspended. During initial few periods, the girl may
use sanitary pads comfortably but with experience
may be changed to tampon, if so desired.

ANOVULAR MENSTRUATION

In an anovulatory cycle, the follicles grow without
any selection of dominant follicle. The estrogen is
secreted in increasing amount. There may be imbalance

between estrogen and FSH or because of temporary
unresponsiveness of the hypothalamus to the rising
estrogen, GnRH is suppressed — no ovulation. The net
effect is unopposed secretion of estrogen till the follicles
exist. The endometrium remains in either proliferative or
at times hyperplastic state. There is inadequate structural
stromal support and the endometrium remains fragile.
When the estrogen level falls, there is asynchronus
shedding of the endometrium and menstruation. The
bleeding may be heavy or prolonged and irregular.

This type of bleeding is mostly found during
adolescence, following childbirth and abortion and
in premenopausal period.

ARTIFICIAL POSTPONEMENT

Artificial alteration of the date of menstrual flow
should be judiciously comply with. It should not
be taken lightly. It is preferable to defer than to
advance the date as the artificial withdrawal bleeding
may be continued for a variable period which may
spoil the purpose.

The hormones used for deferment of the period
are—combined oral pill, 2 tablets daily or progestogen
such as norethisterone 5 mg twice daily. The drug
should be taken at least 3—6 days before the expected
date of the period and continued until the crisis is
over. The period is expected 2—-3 days after the drug
is suspended.

Late proliferative phase

cells. The background is dirty

Fig. 8.11: Vaginal cytology—In the late proliferative phase, there are preponderance of superficial large cornified
cells with pyknotic nuclei. The background is clear. In the premenstrual phase, there is preponderance of navicular

Late secretory (premenstrual) phase
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TABLE 8.2 CERVICAL CYCLE, VAGINAL CYCLE AND GENERAL CHANGES IN FOLLICULAR AND

LUTEAL PHASE

Cervical Cycle

Follicular phase Luteal phase

¢ Internal os — funnel-shaped ¢ Tightly closed
¢ Mucus — thin and watery ¢ Thick and viscid
¢ Stretchability — increased to beyond 10 cm ¢ Lost
¢ Fern tree pattern present ¢ Lost
¢ Glycoprotein network — parallel, thus facilitating sperm ¢ Interlacing bridges, preventing sperm
penetration penetration
¢ Glandular epithelium — taller ¢ Glands — more branched
Vaginal Cycle (Fig. 8.11)
Follicular phase Luteal phase
¥ Cytology — showing preponderance of superficial large ¥ Preponderance of intermediate cells with
cornified cells with pyknotic nuclei folded edges (navicular cells)
& Background of the smear — clear ¥ Dirty due to presence of leucocytes and bacilli
General Changes
Preovulatory Ovulatory Premenstrual
& No symptom & Pain abdomen on either ¥ Irritability, lethargy, constipation
iliac fossa ¥ Acne

¥ Slight vaginal bleeding & Pelvic discomfort
& Mucoid vaginal discharge | & Abnormal gain in weight
¥ Mastalgia

KEY POINTS

> Menstruation is the visible manifestation of cyclical physiologic uterine bleeding due to shedding of the
endometrium as a result of invisible interplay of hormones mainly through hypothalamo pituitary ovarian axis.

> Average age of menarche is 13 years. The average menstrual blood loss is 35 mL (may be upto 80 mL). Average
loss of iron in each menses is 13 mg and about 70 percent of total menstrual blood loss (MBL) occurs in the first
2 days (see p. 82). Alkali hematin method is most precise to measure the MBL.

> The primordial follicle measures 0.03-0.05 mm. Primitive ovum measures 18-24 microns in diameter.

> The primary oocyte undergoes first meiotic division giving rise to secondary oocyte and one polar body just
prior to ovulation. The measurement of a primary oocyte just prior to ovulation (mature ovum) is 130 microns.

> The secondary oocyte completes the second meiotic division only after fertilization by a sperm in the fallopian
tube.

> It is presumed that those follicles which are less exposed to progesterone environment are likely to run in the
race for dominance in the next cycle.

> One follicle with highest antral concentration of estrogen and lowest androgen : estrogen ratio and the granulosa
cells containing the maximum receptors for FSH becomes the dominant follicle. The fully mature Graafian
follicle measures about 20 mm with a volume of 3.5 mL.

Contd...
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» With ultrasound the dominant follicle mean diameter is about 19.5 mm.

> LH surge stimulates the completion of first meiotic division, luteinization of granulosa cells, synthesis of
progesterone and prostaglandins. Subnuclear vacuole is the first histologic evidence of progesterone effect.

Preovulatory FSH surge (which is progesterone dependent) enhances conversion of plasminogen to plasmin
for the lysis of follicular wall.

Estradiol (E,) exerts negative feedback effect to FSH but bears a positive feedback effect to LH.

Both FSH and LH regulates follicular development through a number of growth factors and peptides by
autocrine and paracrine mechanism (see p. 70).

Insulin growth factor II (IGF-II) is produced by theca and granulosa cells. IGF-II stimulates granulosa cell
proliferation and aromatase activity (see p. 70).

Inhibin is a peptide, secreted by the granulosa cells in response to FSH. Inhibin is a potent inhibitor of FSH.
Activin, another peptide secreted by the granulosa cells and by the pituitary, stimulates FSH.

> Sustained peak level of estradiol for about 24 hours beyond 200 pg/mL in late follicular phase results in LH
surge (positive feedback effect). Ovulation occurs about 32-36 hours after the onset of LH surge and about 10-12
hours of the LH peak levels. The mean duration of LH surge is about 24 hours. The peak LH levels plateau for
about 14 hours. The cause of LH decline is probably due to acute down regulation or due to negative feedback
effect of progesterone (p. 93, Table 8.1).

> After ovulation, the ruptured Graafian follicle becomes corpus luteum.
> The yellowish color is due to lipid and pigment carotene. Regression starts on day 22-23 of infertile cycle.

> LHhormone, with adequate number of LH receptors in the granulosa cells, as induced during folliculogenesis
with increased secretion of estradiol, is the key factor of adequate corpus luteum formation (p. 85).

> The hormones—estrogen and progesterone are secreted from the corpus luteum.

> The follicles containing high androgen : estrogen ratio are destined to undergo atresia. Under the action of LH,
more androgens are produced from the active thecal compartments (p. 85).

> The functional zone of the endometrium is under the influence of fluctuating cyclic ovarian hormones, estrogen
and progesterone. Progesterone can only act on the endometrium previously primed by estrogen. Subnuclear
vacuolation is the earliest evidence of ovulation and appears on 18th day and persists up to 21st day. The
mechanism of menstrual bleeding is due to degenerative changes predominantly of vascular origin. The
menstrual flow stops as a result of combined effect of prolonged vasoconstriction, myometrial contraction and
local aggregation of platelets.

> PGF,a causes myometrial contraction and vasoconstriction, PGE, produces myometrial contraction but causes
vasodilatation, PGI, (prostacyclin) causes myometrial relaxation and vasodilatation.

> Under the synergistic effect of FSH and estrogen, multiplication of the granulosa cells, formation of the follicular
fluid and synthesis of more LH receptors in the theca cells occur. The falling FSH level with peak rise of estrogen
in the late follicular phase increases the LH receptors in the granulosa cells. Final maturation of the follicle is
achieved by the combined effect of FSH and LH.

> Preovulatory FSH surge increases the plasmin which helps lysis of the follicular wall. LH surge stimulates
completion of reduction division of the oocyte and initiates luteinization of the granulosa cells and synthesis
of progesterone and prostaglandins.

Contd...
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> Progesterone attains its highest peak about 8 days after the LH peak. Through intraovarian and central negative

feedback mechanisms, progesterone acts to suppress new follicular growth.

When the endometrium becomes unsupported by the fall of estrogen and progesterone, degeneration occurs
resulting in menstruation. The regressive changes in the endometrium are pronounced 24-48 hours prior to
menstruation (p. 91).

LH stimulates granulosa cell proliferation and luteinization and production of progesterone.

The theca cells and the stroma of atretic follices produce more androgens in the midcycle. This raised androgen
level enhances further atresia of the small follicles. This also increases libido.

Demise of corpus luteum is due to the luteolytic action of estrogen, prostaglandin F, , nitric oxide, endotheline,
TNFI and the proteolytic enzymes. hCG rescues the corpus luteum.

Luteal-Placental shift is the turnover of function from corpus luteum of pregnancy to placenta. This transition
period continues from seven weeks to ten weeks. This is essential for the growth of the fertilized ovum (p. 88).

Luteal-Follicular shift is the period that extends from the demise of corpus luteum to the selection of a new
dominant follicle for the next cycle. It is due to fall in the levels of estradiol, progesterone and inhibin. There is
simultaneous rise in the levels of GnRH and FSH (p. 93).

Rising in FSH level rescues follices from apoptosis and selects the dominant follicle (p. 85 and 90).

Menstrual cycle is associated with other changes like cervical, vaginal and general (Table 8.2). The cervical cycle
includes changes in the cervix and cervical mucus. Vaginal cytology varies with the phases of menstruation.
General changes includes the different symptoms (Table 8.2).



Examination of a

Gynecological Patient

The clinical examination should be thorough
and meticulous. These include in-depth history
taking and examinations—general, abdominal and
internal. It should be emphasized that a meticulous
history taking alone can give a positive diagnosis in
majority of cases without any physical examination.
The examination should, in fact, proceed with the
provisional diagnosis in mind. On occasion, ancillary
aids are required to confirm the diagnosis. For a
careful history taking, the following outlines are of
help:

Marital status
Social status

Chief complaint

A patient hearing should be given about the
complaints made by the patient in her own words.
In order to substantiate the guess made out of her
complaints, some pertinent questions (open-ended
or specific) may be asked tactfully and judiciously.
Looking at the patient (direct observation) before
speaking may give many clues (nonverbal) to the
diagnosis, e.g. fear, sadness, apathy or anger.

No.
date

Labor
delivery

Method of
delivery

Year and
events

Pregnancy
events

HISTORY

This should be taken in details. If multiple symptoms
are present, their chronologic appearances are to be
noted. Integration of the symptomatology to one
pathology is to be tried first before embarking on the
diagnosis of multiple pathology. Enquiry should be
made about the bowel habits and urinary trouble, if any.
Menstrual History: Enquiry should be made about:
4 Age of onset of the first period (menarche).
Regularity of the cycle

Duration of period

Length of the cycle

®* & o o

Amount of bleeding—Excess is indicated by the
passage of clots or number of pads used

4 First day of the last menstrual period (LMP).

The menstrual history can be reproduced as
13/4/28, representing that the onset of period was at
the age of 13, bleeding lasts for 4 days and occurs
every 28 days.

Obstetric History: If the patient had been previously
pregnant, details are to be enquired as per tabulation
below. Many a times, the complaints may be related
to the pregnancy complications or lactation.

Puer-
perium

Baby weight and sex. Birth asphyxia.
Duration of breastfeeding, contraception
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The obstetric history is to be summed up as—

No. of living children ........... Boys........ Girls..........
Health status of the baby ..........ccooeiiniiiininne
Immunization .............. Last child birth .................

Past Medical History

Relevant medical disorders—systemic, metabolic
or endocrinal (diabetes, hypertension, hepatitis)
should be enquired. Their presence requires care
during operative procedure. Next pertinent point is
the interrogation about sexually transmitted diseases.

Past Surgical History

This includes general, obstetrical or gynecological
surgery. The nature of the operation, anesthetic
procedures, bleeding or clotting complication if any,
postoperative convalescence are to be enquired. Any
histopathological report or relevant investigation
related to the previous surgery is most often helpful.
Family History

It is of occasional value. Malignancy of the breast,
colon, ovary or endometrium is often related.
Tubercular affection of any family member can give
a clue in diagnosis of pelvic tuberculosis.

Personal History

Occupation, marital status—married, widow, divorced
or separated should be enquired. If married—details
of sexual history should be taken, especially in case
of infertility. Sexual history includes any sexual
dysfunction, or dyspareunia. Contraceptive practice, if
any should be enquired—especially relevant in pill users
or cases having IUCD, as these methods often produce
some adverse symptoms. History of taking drugs for a
long time or allergy to certain drugs is to be noted.

EXAMINATION

The examination includes:
B General and systemic examination
B Gynecological examination

¢ Breast examination

¢ Abdominal examination

¢ Pelvic examination.

GENERAL AND SYSTEMIC EXAMINATION

The general and systemic examination should be
thorough and meticulous.

D Built—Too obese or too thin—May be the result
of endocrinopathy and related to menstrual
abnormalities

Nutrition—Average/Poor

Stature—Including development of secondary sex
characters

Pallor

Jaundice

Edema of legs

Teeth, gums and tonsils—For any septic foci

Neck—Palpation of thyroid gland and lymph
nodes, especially the left supraclavicular glands

D Cardiovascular and respiratory systems—Any
abnormality may modify the surgical procedure,
if it deems necessary

D Pulse D Blood pressure.

GYNECOLOGICAL EXAMINATION

Breast Examination (Fig. 9.1)

This should be a routine especially in women above
the age of 30 to detect any breast pathology, the
important being carcinoma. In India, breast carci-
noma is the second most common malignancy in
female, next to carcinoma cervix.

Abdominal examination
Prerequisites

® Bladder should be empty. The only exception to
the procedure is the presence of history suggestive
of stress incontinence. If history is suggestive of
chronic retention of urine, catheterization should
be done taking aseptic precautions, using sterile
simple rubber catheter

® The patient is to lie flat on the table with the
thighs slightly flexed and abducted to make the
abdominal muscles relaxed (see Fig. 9.3B)

®  The physician usually prefers to stand on the right
side

B Presence of a chaperone (a female) for the support
of the patient and the physician.

Actual steps:

D> Inspection D> Palpation

D Percussion D Auscultation
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Fig. 9.1. Examination of the breasts: 1. Inspection with the arms at her sides; 2. Inspection with the arms raised
above the head; 3. Inspection with hands at the waist (with contracted pectoral muscle); 4. Palpation of the axillary
nodes; 5. Palpation of the supraclavicular nodes; 6. Palpation of the outer half of the breast (a pillow is placed under

the patient’s shoulder)
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Inspection: The skin condition of the abdomen—
presence of old scar, striae, prominent veins or
eversion of the umbilicus is to be noted. By asking
the patient to strain, one can elicit either incisional
hernia or divarication of the rectus abdominis muscles.
In intestinal obstruction, the abdomen is uniformly
distended and the respiration is of thoracic type. In
pelvic peritonitis, the lower abdomen is only distended
with diminished inspiratory movements. In ascites,
one can find fullness only in the flanks with the center
remaining flat. A huge pelvic tumor is more prominent
in the hypogastrium situated either centrally or to one
side. Female escutcheon over the mons pubis is noted.

Palpation: The palpation should be done with the flat
of the hand gently rather than the tips of the fingers. If
rigidity of the abdominal muscles is encountered, it
may be due to high tension or due to muscle guard. If
a mass is felt in the lower abdomen, its location, size
above the symphysis pubis, consistency, feel, surface,
mobility from side to side and from above to down,
and margins are to be noted. Whether the lower border

of the mass can be reached or not should be elicited.
In general, lower border cannot be reached in pelvic
tumor, but in ovarian tumor with a long pedicle one
can go below the lower pole. If the tumor is cystic
and huge, one can exhibit a fluid thrill felt with a flat
hand placed on one side of the tumor when the cyst
is tapped on the other side of the tumor with the other
hand. Whether a mass is felt or not, routine palpation
of the viscera (for any organomegaly) includes—Iliver,
spleen, cecum and appendix, pelvic colon, gallbladder
and kidneys.

Percussion: A pelvic tumor is usually dull on
percussion with resonance on the flanks. However,
if there are intestinal adhesions or the tumor is
retroperitoneal, it will be resonant. In presence of
ascites, the flanks will be dull on percussion and the
shifting dullness, if elicited, confirms the diagnosis
of free fluid in the peritoneal cavity. It is, however,
mandatory to elicit presence of free fluid in the
peritoneal cavity in every cases of pelvic tumor
(Fig. 9.2).

Coils of
intestine

Coils of
intestine

Fig. 9.2: Relation of the dull and resonant areas in lower abdominal tumor and ascites.
Upper figure in recumbent posture. Lower figure with patient in decubitus posture

Coils of
intestine
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B
B
Figs 9.3: Positions of the patient for gynecological examination: (A). Sims’ position — The patient lies on her
left side with right knee and thigh drawn up towards the chest, the left arm along the back; (B). Dorsal position;
(C). Lithotomy position
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Auscultation: Ordinarily, auscultation reveals only
the intestinal sounds. Hypoactive bowel sounds are
found in paralytic ileus, hyperactive bowel sounds
may be due to intestinal obstruction. The uterine
souffle may be heard over a pregnant uterus or vascular
fibroid, which is synchronous with the patient’s pulse.
If the tumor is of pregnant uterine origin, fetal heart
sound can be heard beyond 24 weeks.

PELVIC EXAMINATION

Pelvic examination includes:
¢ Inspection of the external genitalia

4 Vaginal examination
— Inspection of the cervix and vaginal walls
— Palpation of the vagina and vaginal cervix by
digital examination
- Bimanual examination of the pelvic organs

¢ Rectal examination

4 Rectovaginal examination.

PREREQUISITES

D The patient’s bladder must be empty—the
exception being a case of stress incontinence

D A female attendant (nurse or relative of the patient)
should be present by the side

» To examine a minor or unmarried, a consent from
the parent or guardian is required

» Lower bowel (rectum and pelvic colon) should
preferably be empty

D Alight source should be available

D Sterile gloves, sterile lubricant (preferably
colorless without any antiseptics), speculum,
sponge holding forceps and swabs are required.

POSITION OF THE PATIENT (FIG. 9.3)

The patient is commonly examined in dorsal
position with the knees flexed and thighs abducted.
The physician usually stands on the right side. This
position gives better view of the external genitalia and
the bimanual pelvic examination can be effectively
performed.

However, the patient can be examined, in any
position of the physician’s choice. Lateral or Sims’
position seems ideal for inspecting any lesion in
anterior vaginal wall as the vagina balloons with

air as soon as the introitus is opened by a speculum.
Lithotomy position (patient lying supine with her
legs on stirrups) is ideal for examination under
anesthesia.

Fig. 9.4: Inspection of vulva in dorsal position

INSPECTION OF THE VULVA (FIG. 9.4)

¢ To note any anatomical abnormality starting from
the pubic hair, clitoris, labia and perineum

4 To note any palpable pathology over the areas

¢ To note the character of the visible vaginal
discharge, if any

¢ To separate the labia using fingers of the left hand
to note external urethral meatus, visible openings
of the Bartholin’s ducts (normally not visible
unless inflamed) and character of the hymen.

¢ To ask the patient to strain to elicit:
—  Stress incontinence—urine comes out through

urethral meatus (see p. 399).

—  Genital prolapse and the structures involved—
anterior vaginal wall, uterus alone or posterior
vaginal wall or all the three (see p. 204).

4 Lastly, to look for hemorrhoids, anal fissure, anal
fistula or perineal tear.
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VAGINAL EXAMINATION

Inspection of the vagina and cervix

Which one is to be done first—inspection or pal-

pation?

Speculum examination should preferably be
done prior to bimanual examination. The advantages
are:

— Cervical scrape cytology and endocervical
sampling can be taken as ‘screening’ in the same
sitting

— Cervical or vaginal discharge can be taken for
bacteriological examination

— The cervical lesion may bleed during bimanual
examination, which makes the lesion difficult to
visualize.

Two types of speculum are commonly used—Sims’
or Cusco’s bivalve. While in dorsal position, Cusco
is widely used but in lateral position, Sims’ variety
has got advantages (Figs 9.5A and B).

The cervix is best visualized with the Cusco’s
variety. But while the vaginal fornices are only

visualized by Cusco, the anterior vaginal wall is to
be visualized by Sims’ variety. Sims’ speculum is
advantageous in cases of genital prolapse.

Apart from inspection, collection of the discharge
from the cervix or from the vaginal fornices or from
the external urethral meatus is taken for bacterio-
logical examination.

It is a routine practice to take cervical scrape
cytology and endocervical sampling for cytological
examination in all patients as a screening procedure,
if not done recently.

Digital examination

Digital examination is done using a gloved index
finger lubricated with sterile lubricant. In virgins with
intact hymen, this examination is withheld but can be
employed under anesthesia.

Palpation of any labial swelling (commonly
Bartholin’s cyst or abscess) is made with the finger
placed internally and thumb placed externally (Fig. 9.6).
The urethra is now pressed from above down for any
discharge escaping out through the meatus.

Figs 9.5A and B: Introduction of Cusco’s speculum: (A) The transverse diameter of the closed blades are placed
in the anteroposterior position and inserted slightly obliquely to minimize pressure on the urethra; (B) Blades are
inserted in a downward motion and then rotated. Rotate to 90° and then to open up the blades. Inspection is then
made using a good light
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Palpation of the vaginal walls is to be done from
below upwards to detect any abnormality either in the
wall or in the adjacent structures.

The vaginal portion of cervix is next palpated
to note:

¢ Direction—In anteverted uterus, the anterior lip
is felt first and in retroverted position either the
external os or the posterior lip is felt first

¢ Station—Normally the external os is at the level
of ischial spines

¢ Texture—In nonpregnant state, it feels firm like
tip of the nose

¢ Shape—It is conical with smooth surface in
nulliparae but cylindrical in parous women

¢ External os—It is smooth and round in nulliparae
but may be dilated with evidence of tear in parous
women

¢ Movement—Painful or not

¢ Whether it bleeds to touch.
Integrity and tone of the perineal body are to

be elicited by flexing the internal finger posteriorly

and palpating the perineal body between the internal
finger and the thumb placed externally. The finger

Fig. 9.6. Palpation of a labial swelling
(Bartholin’s gland)

Fig. 9.7. Position of the fingers during bimanual
examination

is now turned laterally above the level of levator ani
muscles. The muscles can be palpated between the
vaginal finger and the thumb placed externally over
the labium majus.

Bimanual examination

The techniques are difficult to describe in words but
perfectness will be achieved only through experience.

The gloved right index and middle fingers smeared
with lubricants are inserted into the vagina. If the
introitus is narrow or tender, one finger may be used.
The relative position of the fingers during introduction
is shown in Figure 9.7. The left hand is placed on
the hypogastrium well above the symphysis pubis so
that the pelvic organs can be palpated between them.
The examination should be methodical, gentle
but purposeful. To be more informative, abdominal
hand is to be used more than the vaginal fingers and
the patient is asked to breathe through the mouth for
better relaxation of the abdominal muscles.

The information obtained by bimanual examination
includes:

4 Palpation of the uterus
¢ Palpation of the uterine appendages
¢ Pouch of Douglas.

= Palpation of the uterus

The two internal fingers, which are placed in
the anterior fornix exert a pushing force at the
uterocervical junction in an upward direction towards
the lumbar vertebrae and not towards the symphysis
pubis. The pressure exerted by the left hand should
be not only downwards but from behind forwards
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(Fig. 9.8). The uterine outline between the two
hands can thus be palpated clearly as anteverted.
If the uterus is retroverted, it will not be so felt but
can be felt if the internal fingers push up the uterus
through the posterior fornix. After the uterine outline
is defined, one should note its position, size, shape,
consistency and mobility. Normally, the uterus is
anteverted, pearshaped, firm and freely mobile in
all directions.

= Palpation of the uterine appendages

For palpation of the adnexa, the vaginal fingers are
placed in the lateral fornix and are pushed backwards

Fig. 9.8. Bimanual examination of the uterus

and upwards. The counter pressure is applied by the
abdominal hand placed to one side of the uterus in a
backward direction. The normal uterine tube cannot
be palpated. A normal ovary may not be felt. If it is
palpable, it is mobile and sensitive to manual pressure.

The pouch of Douglas

The pouch of Douglas can be examined effectively
through the posterior fornix. Normally, the fecal mass
in the rectosigmoid or else the body of a retroverted
uterus is only felt. Some pathology detected in the
pouch of Douglas should be supplemented by rectal
examination.

RECTAL OR RECTOABDOMINAL
EXAMINATION

Rectal examination can be done in isolation or as an
adjunct to vaginal examination.

Indications of Rectal Examination

4 Children or in adult virgins

¢ Painful vaginal examination

¢ Carcinoma cervix—to note the parametrial
involvement (base of the broad ligament and the
uterosacral ligament can only be felt rectally) or
involvement of the rectum

4 To corroborate the findings felt in the pouch of

Douglas by bimanual vaginal examination

Atresia (agenesis) of vagina

Patients having rectal symptoms

¢ To diagnose rectocele and differentiate it from
enterocele.

L 2R 4

The lower bowel should preferably be empty. The
rectoabdominal procedure is almost the same as that

Figs 9.9A and B: (A) Rectoabdominal;
(B) Rectovaginal examination
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of vaginal examination except that only the gloved
index finger smeared with vaseline is to be introduced
into the rectum (Fig. 9.9A).

RECTOVAGINAL EXAMINATION: The procedure
consists of introducing the index finger in the vagina
and the middle finger in the rectum. This examination
may help to determine whether the lesion is in
the bowel or between the rectum and vagina. Any
thickening of beadiness of uterosacral ligaments or
presence of endometriotic nodules are noted. This is
of special help to differentiate a growth arising from
the ovary or rectum (Fig. 9.9B).

Identification of a mass felt on

bimanual examination

Uterine tumor (Fig.9.10)

D Uterus is not separated from the mass.

D Movements of the mass felt per abdomen are
transmitted to the cervix and vice versa, the

exception being one of subserous pedunculated
fibroid.

Fig. 9.10: Identification of an uterine tumor in
bimanual examination

Adnexal mass

D The uterus is separated from the mass (Figs 9.11
and 9.12)

D Movements of the mass (tumor) are not transmitted
to the cervix, the exception being one if the mass
is fixed with uterus.

Fig. 9.11: Identification of ovarian tumor in
bimanual examination

Fig. 9.12. Identification of an adnexal
mass in bimanual examination

DIAGNOSTIC PROCEDURES

For confirmation of diagnosis or rarely in cases with
diagnostic difficulty, ancillary aids are required.
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Blood Values: Hemoglobin estimation should be
done in all cases of excessive bleeding. Total and
differential count of white blood cells and ESR
are helpful in diagnosis of pelvic inflammation.
Serological investigation includes blood for
VDRL to be done in selected cases of HIV. Platelet
count and bleeding and coagulation time are
helpful in pubertal menorrhagia.

Urine: Routine and Microscopic Examination
for the presence of protein, sugar, pus cells and
casts are done. In the presence of excessive
vaginal discharge, it is preferable to collect the
midstream urine (vide infra).

Culture and drug sensitivity is done in suspected

cases of urinary tract infection. Any of the following
methods are used to collect the urine for the purpose.

(i) Midstream collection: The patient herself should

separate the labia with the fingers of left hand. A
sterile cotton swab moistened with sterile water
is passed over the external urethral meatus from
above down and is then discarded. With the vulva
still separated the patient is to pass urine. During
the middle of the act of micturition, a part of urine

(ii) Catheter collection: This should be collected by

a doctor or a nurse. This is especially indicated
when the patient is not ambulant or having chronic
retention. Meticulous washing of the hands with
soap and wearing sterile gloves are mandatory.
The patient is in dorsal position with the thighs
apart. The labia are separated using the fingers of
left hand. A sterile cotton swab moistened with
sterile water is passed from above down over the
external urethral meatus. The sterile autoclaved
rubber catheter or a disposable plastic catheter is
to be introduced with the proximal 4 cm remaining
untouched by the fingers. With meticulous asepsis,
the technique does not increase urinary tract
infection (Figs 9.13A and B).

(iii) Suprapubic bladder puncture: The result is

more reliable and bladder infection is minimum.
The patient is asked not to void urine to make the
bladder full. A fine needle fitted with a syringe is
passed through the abdominal wall just above the
symphysis pubis into the bladder. About 5-10 mL
of'urine is collected. The patient is asked to void
the urine immediately.

Whatever method employed in the collection of

is collected in a sterile wide mouth container. urine, the sample should be sent immediately to

Fig. 9.13A: Methods of catheterization by rubber
catheter. Cleansing of the vestibule from above down
by a moist swab

Fig. 9.13B: Note the use of left fingers for disposition of
the external urethral meatus and holding the catheter
well away from the tip by the right hand
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the laboratory. There may be multiplication of the
organisms with time.

®  Urethral discharge: With a sterile gloved finger,
the urethra is squeezed against the symphysis
pubis from behind forwards. The discharge
through the external urethral meatus is collected
with sterile swabs. One swab may be sent for
culture and the other to be spread on to a slide,
stained and examined under microscope.

= Vaginal or cervical discharge: The patient is
advised not to have vaginal douche at least in
previous 24 hours. Cusco’s bivalve speculum
is introduced without lubricant and prior to
internal examination. The material collected in
the posterior blade or from the cervical canal as
the case may be, is taken either by a platinum loop
or swab stick.

For Culture: The cotton swab stick is put in a
sterile container with a stopper and to be sent
immediately to the laboratory. The culture is usually
unnecessary in vaginal infection. For trichomoniasis,
Kupferberg’s media or Feinberg Whittington media;
for Candida albicans—Nickerson’s or Sabouraud’s
media is used.

Identification of Organism in Slide

a. Trichomonas vaginalis: The material is dropped
over a slide and then mixed with one drop of
normal saline. It is then covered with a coverslip.
Actively motile trichomonads can be seen under
microscope easily (see Fig. 12.2). It can be
effectively visualized after staining with 1 per-

<

Fig. 9.14: Rocket endocervical brush

cent brilliant cresyl violet; leukocytes and other
bacteria will not take up the dye.

b. Monilia: One drop of the discharge is mixed
with one drop of 10% potassium hydroxide
and is covered with a coverslip. The mycelia
of the fungus can be seen under microscope.
Alternatively, the discharge is spread over a
slide, dried and stained with methylene blue to
demonstrate the mycelia (see Fig. 12.4).

CERVICAL AND VAGINAL SMEAR FOR
EXFOLIATIVE CYTOLOGY

The indications are:
4 As a screening procedure

4 For cytohormonal study 4 Others

SCREENING PROCEDURE

Collection of material: The cervix is exposed with
a Cusco’s vaginal speculum without lubricant and
prior to bimanual examination. Lubricants tend to
distort cell morphology.

Cervical scraping: The material from the cervix is
best collected using Ayre’s spatula made of wood or
plastic. Whole of the squamocolumnar junction has to
be scrapped to obtain good material (Fig. 9.15).

cytohormonal study

Fig. 9.15: Collection of smear: (A) Using Ayre’s spatula from the squamocolumnar junction for screening; (B) By
cytobrush taking endocervical sampling for screening; and (C) By wooden spatula from the lateral vaginal fornix for




Chapter 9 < EXAMINATION OF A GYNECOLOGICAL PATIENT

111

Vaginal pool aspiration: The exfoliated cells
accumulated in the vaginal pool in the posterior fornix
is collected either using a glass pipette about 15 cm
long and 0.5 cm in diameter with a strong rubber bulb
at one end or by a swab stick. This is not much reliable.

Collection by any one of the methods should
be combined with endocervical sampling either by
cytobrush or with moist cotton tip applicator (Figs
9.14 and 9.15).

Fixation and Staining

The principle of the staining is to achieve clear nuclear
definition and to define cytoplasmic coloration.

TABLE 9.1 WOMEN SUBJECTED TO CERVICAL
’ CANCER SCREENING PROGRAM

Screening schedule
(ACOG-2009)

B Low risk

- Women who had
never been sexually
active

- Women aged 70,
who had three
negative smears in
the past 10 years

- Women who had

Nil

hysterectomy for
benign lesion
= Atrisk
- Women aged 21 Every 2-3 years after
years or having sex age 30 with 3 negative
for last yearly smears

3 years up to the
age of 70 who are or
have been sexually
active
= High risk
- Early marriage
- Early intercourse
- Early pregnancy
- Smoking habits
- Oral pill users
- Multiple sexual
partners
- Human papilloma
virus (see p. 322, 323)
infection
- Women who are
immunosuppressed
(HIV positive)

Every 2-3 years
afterage 30 with 3
negative yearly smears

The material so collected should be immediately
spread over a microscopic slide and at once put
into the fixative ethyl alcohol (95%) before drying.
After fixing for about 30 minutes, the slide is taken
out, air dried and sent to the laboratory with proper
identification. The slide so sent is stained either with
Papanicolaou’s or Sorr’s method and examined by a
trained cytologist. Indeed, trained cytopathologist
and cytotechnologist are vital for the success of
any screening program (Table 9.1).

BENEFITS: The objective of screening is to reduce the
incidence and mortality from cervical cancer. Even a
single smear in a life time, if appropriately timed, will
produce some benefits. If extended only to high-risk
group, the mortality from the cancer deaths will still
be reduced to 60 percent.

Pap smear test has been effective reducing the
incidence of cervical cancer by 80% and the morta-
lity by 70%. As a result of Pap test, more and more
preinvasive carcinoma is detected. Opportunistic
screening done by a trained staff is effective when
follow-up (call and recall) is maintained. Pap testing
after total hysterectomy, done for benign lesion is not
recommended.

INTERVALS: All sexually active women should be
screened starting from the age of 21 years or after
3 years of vaginal sex with no upper age limits.
Screening should be yearly till the age of 30.
Thereafter, it should be done at an interval of every
2-3 years after three consecutive yearly negative
smears (ACOG 2009). The high risk group should
be screened with HPV DNA testing combined with
cytology (p. 324). The negative predictive value
of one negative HPV DNA test and two negative
cytology tests are almost 100%. When both the tests
are negative, the screening interval may be increased
to 6 years.

MORPHOLOGICAL ABNORMALITIES OF THE
NUCLEUS (DYSKARYOSIS)

D Disproportionate nuclear enlargement

D TIrregularity of the nuclear outline

D Abnormalities of the nucleus—in number, size
and shape

D Hyperchromasia
» Condensation of chromatin material
» Multinucleation.
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Abnormal cells are:

Mild dyskaryosis—Cells are of superficial or
intermediate type squamous cells. Cells have angular
borders with translucent cytoplasm. The nucleus
occupies less than half of the total area of cytoplasm.
Binucleation is common. Mild dyskaryosis correlates
with cells from surface of CIN I (see p. 320).

Moderate dyskaryosis—The cells are of intermediate,
parabasal or superficial type squamous cells. Cells
have more disproportionate nuclear enlargement and
hyperchromasia compared to mildly dyskaryotic cells.
The nucleus occupies one halfto two-thirds of the total
area of the cytoplasm.

Severe dyskaryosis (Fig. 9.17)—Cells are of basal
type, looking round, oval, polygonal or elongated in
shape. The abnormal cells may occur in clumps or
singly. The abnormal nucleus either practically fills
the cell or there may be a thick, dense and narrow rim
of cytoplasm around it. The nucleus is irregular with
coarse chromatin pattern. The cells may be different
in size and shape. Severely dyskaryotic cells when
elongated, are sometimes called fiber cells. A severely
dyskaryotic cell with an elongated tail of cytoplasm
is described as a tadpole cell. Severely dyskaryotic
cells correlate with CIN 3.

Koilocytosis is the nuclear abnormalities associated
with human papilloma virus infection. Cells show
typical central clearing (perinuclear halo) with
peripheral condensation of cytoplasm. The nucleus is
irregulary enlarged and shows hyperchromasia with
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Fig. 9.16: Liquid-based cytology—normal squamous
cells and endocervical cells

Fig. 9.17: Severe dyskaryosis

multinucleation. Patients with koilocytosis on repeated
smear, need colposcopic evaluation (see p. 115).

Carcinoma in situ (Fig. 9.18)—Cells are parabasal
type with increased nuclear cytoplasmic ratio. The
nucleus may be irregular sometimes multiple. The
chromatin pattern is granular. Cytoplasm is scanty.

Invasive carcinoma—Cells are single or grouped in
clusters. The cells show irregular nuclei and clumping
of nuclear chromatin, which is also coarse. Large
tadpole cells are seen.

Reporting system:Reporting system on the grading
basis (Papanicolaou’s) is replaced by some with two
remarks only—normal or abnormal (Table 9.2). An
abnormal smear indicates the presence of lesion either
CIN and/or papilloma virus infection or invasive
malignancy. A doubtful or inconclusive smear dictates
repeat smear.

TABLE 9.2 PAPANICOLAOU’S GRADING

Group - | Normal

Group -1l | Presence of borderline atypical cells—
probably due to infection. No evidence
of malignancy

Group - Il | Cells suspicious of malignancy

Group - IV | Presence of few malignant cells

Group -V | Presence of large number of malignant
cells

Accuracy: A single Pap smear has a diagnostic
sensitivity of about 60 percent. False negative results
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Fig. 9.18: Carcinoma in situ

may be up to 25%. False negative rate of Pap smear
after three consecutive negative tests is less than 1
percent. There are several reasons for false-negative
smear. This may be due to technical error where smear
is too scanty, too thick, too bloody, poorly stained or
due to misinterpretation by the cytologist. Error in
cytology could be reduced further by liquid-based
thin layer slide preparation and automated (computer)
screening methods. Abnormal cytology is an
indication of colposcopic evaluation and directed
biopsy. If colposcopy is not available, biopsy is to be
taken from the unstained areas following application
of Schiller’s or Lugol’s iodine (see Ch. 22). In the
presence of infection, repeat cytology has to be done
after the infection is controlled (Table 9.3).

LIQUID-BASED CYTOLOGY (LBC): Cervical smear
is taken using a plastic spatula. The spatula is rinsed in
a liquid media. Cells are separated by centrifugation.
Thin layer smears are made. National Institute of
Clinical Excellence (NICE) has recommended to
replace the conventional smear with LBC. LBC
avoids the risk of false-positive, false-negative or
unsatisfactory smears (Fig. 9.16).

CYTOHORMONAL STUDY: The vaginal epithelium
is highly sensitive to the hormones estrogen and
progesterone. The non-invasive study of the epithelium
for hormonal status is steadily increasing owing to the
speed, cheapness and accuracy.

THE BETHESDA CLASSIFICATION
TABLE 9.3 SYSTEM FOR CYTOLOGY

m Adequacy of sample

¢ Satisfactory ¢ Unsatisfactory

m Squamous cell abnormalities

¢ Atypical squamous cells (ASC)

4 ASC of undetermined significance (ASC-US)

4 ASC, cannot exclude high grade lesion (ASC-H)

¢ Low-grade squamous intraepithelial lesion
(LSIL)

¢ High-grade squamous intraepithelial lesion
(H SIL)

4 Squamous cell carcinoma

® Glandular cell abnormalities
¢ Atypical glandular cells, specify site of origin, if
possible
¢ Atypical glandular cells, favor neoplastic
4 Adenocarcinoma in situ
¢ Adenocarcinoma

m Other cancers (e.g. lymphoma, metastasis,
sarcoma)

Instructions to the patient
» To avoid intercourse for about 48 hours
D Not to use vaginal douche for 24 hours

» To withhold use of hormonal drugs.

Procedures: The lateral wall of the upper-third of
the vagina (most sensitive to hormonal influence)
is lightly scraped with a wooden spatula after taking
due precautions mentioned earlier. The material so
collected is to be fixed and stained as mentioned
carlier. The physician should mention the following
information, such as age, first day of the last period,
menstrual pattern and any hormone therapy.

Inferences: The exfoliated vaginal epithelial cells
normally include parabasal, intermediate and super-
ficial cells. The parabasal cells are small, round and
basophilic; the intermediate cells are transparent
and basophilic while the superficial cells are large,
thin acidophilic with pyknotic nuclei. The estrogen
produces superficial cell maturation; progesterone,
androgen, corticosteroids, ‘pill” and pregnancy
produce intermediate cell maturation, whereas lack
of any hormonal activity produces parabasal cell
dominance (Table 9.4).
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TABLE 9.4 MATURATION INDEX FROM BIRTH TO MENOPAUSE

Ml Smear features Inference

At birth 0/95/5 — Combined effect of circulating maternal
hormones—estrogen, progesterone and
corticoids

Childhood 80/20/0 — Ml shifting to left because of diminished
steroid hormones

Reproductive

period:

- Preovulatory 0/40/60 | Smear clear, cells are discrete Estrogen ++

- Mild secretory | 0/70/30 | Smear dirty, cells in clusters Estrogen +; Progesterone ++
- During 0/95/5 | Marked folding of the intermediate | Estrogen ++; Progesterone ++;
pregnancy cells—'navicular cells’ Corticosteroids +
— Postpartum 100/0/0 — Parabasal maturation
Postmenopausal | 0/100/0 — Lack of estrogen
or
100/0/0

The estrogenic smear is suggested by preponderance
of large eosinophilic cells with pyknotic nuclei
(cornified cells). The background remains clear
(see Fig. 8.11).

The progesterone smear is of predominantly
basophilic cells with vesicular nuclei. The back-
ground looks dirty (see Fig. 8.11).

Interpretations: The number of cornified cells per
100 cells counted is expressed as cornification or
karyopyknotic index. It is mostly replaced by a more
appropriate expressive method—called maturation
index (MI). The maturation index relates to the
relative percentage of parabasal, intermediate and
superficial cells per 100 cells counted. It is expressed
in three numbers, the left one parabasal percentage,
the intermediate in the centre and on the right, the
percentage of the superficial cells (Table 9.4).

Other Indications of Cytology Study are

¢ The exfoliative cell cytology is used in follow-up
cases of carcinoma cervix treated either by surgery
or radiotherapy

¢ Sex chromatin study—The materials are from
scraping of buccal mucosa and to be stained with
Papanicolaou stain. The presence of Barr body in
more than 25% cells is diagnostic of female sex

¢ Aspirated ascitic, cystic or pleural fluid is sub-
jected to Papanicolaou stain for evidences of
malignant cells.

EXAMINATION OF CERVICAL
MUCUS

Bacteriological study ® Hormonal status

Infertility investigation

BACTERIOLOGICAL STUDY: Cusco’s bivalve
speculum is introduced without lubricant. With the
help of a sterile cotton swab, the cervical canal is
swabbed. The material is either sent for culture or
spread over a microscopic slide for Gram staining.

HORMONAL STATUS: The physical, chemical and
cellular components of the cervical secretion are
dependent on hormones—Estrogen and progesterone.
Estrogen increases the water and electrolyte content
with decrease in protein. As such, the mucus becomes
copious, clear and thin. Progesterone, on the other
hand, decreases the water and electrolytes but
increases the protein. As a result, the mucus becomes
scanty, thick and tenacious. The influence of the
hormones on the cervical mucus is utilized in detection
of ovulation in clinical practice.
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® pH around the time of ovulation is about 6.8—7.4.

® Spinnbarkeit (stretchability or elasticity)—
During the midcycle, the cervical secretion is
collected with a pipette and placed over a glass
slide. Another glass slide is placed over it. Because
of increased elasticity due to high estrogen level
during this period, the mucus placed between
the slides can withstand stretching up to a
distance of over 10 cm. After ovulation when
corpus luteum forms, progesterone is secreted.
Under its action, the cervical mucus looses its
property of elasticity and while attempting the
above procedure, the mucus fractures when put
under tension much earlier. This loss of elasticity
after its presence in the midcycle is the indirect
evidence of ovulation.

B Fern test—During the midcycle, the cervical
mucus is obtained by a platinum loop or pipette
and spread on a clean glass slide and dried. When
seen under low power microscope, it shows
characteristic pattern of fern formation. It is
due to high sodium chloride and low protein
content in the mucus due to high estrogen in the
midmenstrual phase prior to ovulation. After

Fig. 9.19: Typical fern pattern appearance of
cervical mucus

ovulation with increasing progesterone, the
ferning disappears completely after 21st day.
Thus, the presence of ferning even after 21st
day suggests anovulation and its disappearance
is presumptive evidence of ovulation (Fig. 9.19).

The cervical scoring system of Insler (1979) takes
into the account the amount, spinnbarkeit, ferning of the
mucus along with state of the external os of the cervix. A
score of 10—12 indicates complete follicular maturation.

INFERTILITY INVESTIGATIONS

Postcoital test (PCT)—Marion Sims (1866) and
Max Huhner (1913)

Cervical mucus is a glycoprotein gel with interstitial
channel between mucin strands. These strands expand
and contract in response to steroid hormones. This
helps sperm transport upwards (see Fig. 16.4).

Principle:It is the examination of the cervical mucus
to evaluate the presence of progressively motile
sperm in it. This test is done several hours after
(within 8—12 hours) sexual intercouse. Presence of at
least 10 progressively motile sperm per high power
field signifies the test is normal. PCT has got poor
predictive value. Moreover, the test procedure is
inconvenient and embrassing. Routine postcoital test
is not recommended.

COLPOSCOPY

The instrument was devised by Hinselmann in
1925. Colposcope and colpomicroscope are
the low-power binocular microscope, mounted
on a stand. It is designed to magnify the surface
epithelium of the vaginal part of the cervix including
entire transformation zone. The magnification is to
the extent of 15—40 times in colposcopy and about
100-300 times in colpomicroscopy (Fig. 9.20).

Procedure: The patient is placed in lithotomy
position. The cervix is visualized using a Cusco’s
speculum (Fig. 9.5). Colposcopic examination of
the cervix and vagina is done using low power
magnification (6-16 fold). Cervix is then cleared
of any mucus discharge using a swab soaked with
normal saline. Green filter and high magnification
can be used now. Next, the cervix is wiped gently
with 3 percent acetic acid and examination repeated.
Acetic acid causes coagulation of nuclear protein
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which is high in CIN. This prevents transmission
of light through the epithelium, which is visible as
white (acetowhite) areas (see Fig 22.6A).

Fig. 9.20: Colposcope
Technique of colposcopy needs ease of maneuver (frontal
distance of 225 to 250 mm), magnification (6-16 times),
adequate light source (30,000 lux), the stand to permit
mobility and the examination table for patient’s comfort

ABNORMAL CYTOLOGY AND
TABLE 9.5 PLACE OF COLPOSCOPY

Cervical cytology Procedure
B Squamous cells:

+ HPV-DNA testing for
HR types (see p. 323)

4 ASC-US + Repeat Pap in 6 months
+ Colposcopy
(any method)
4 ASC-H : Colposcopy
4 LSIL : Colposcopy
¢ HSIL : Colposcopy

B Glandularlesions : Colposcopy and further

evaluation

TABLE 9.6 COLPOSCOPIC TERMINOLOGY

I. Normal colposcopic findings
A — Normal squamous epithelium
B — Columnar epithelium

C — Transformation zone

Il.  Abnormal colposcopic findings (see p. 325)
A — Atypical transformation zone
(@) Mosaic (b) Punctuation
(c) Acetowhite epithelium
(d) Keratosis
(e) Atypical vessels (f) lodine negativity

B — Suspected frank invasive cancer— The
cancer is evident only colposcopically

lll.  Unsatisfactory —
Transformation zone not seen (see p. 324)
IV.  Other findings —

Condyloma, ectopy and papilloma are of
importance

IMAGING TECHNIQUES IN
GYNECOLOGY

® X-ray ® Ultrasound ® CT Scan ® MRI ® PET

X-RAY

A chest X-ray and intravenous urogram are essential
for investigation in pelvic malignancy, cervical cancer
in particular, prior to staging. Plain X-ray of the pelvis
is helpful to locate an IUCD (see Fig. 29.7) or to look
for shadows of teeth or bone in benign cystic teratoma
(see Fig. 20.10). Special X-ray using contrast media
are:

¢ HSG (details in p. 588).

¢ Lymphangiography—to locate the lymph nodes
involved in pelvic malignancy.

ULTRASOUND

Ultrasound is a noninvasive imaging procedure that
utilizes high frequency sound waves. It was first
introduced by Ian Donald (Glasgow — 1950) in the
field of medicine. Sonography is used widely in
Gynecology either with the transabdominal (TAS) or
with the transvaginal (TVS) probe. Because of safety,
high patient acceptance and relatively low cost,
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ultrasonography has become a common diagnostic
modality in gynecology, these days.

Transabdominal Sonography (TAS) is done with
a linear or curvilinear array transducer operating at
2.5-3.5 MHz. TAS requires full bladder to displace
the bowel out of pelvis. Full bladder serves as an
acoustic window for the high-frequency sound waves.
Ultrasound is very accurate (>90%) in recognizing a
pelvic mass but cannot stabilize a tissue diagnosis.
Tissue resolution of <0.2 mm can be obtained with
sonography. TAS is best used for large masses like
fibroid or ovarian tumor. Higher is the frequency of
ultrasound wave, better is the image resolution but
lesser is the depth of tissue penetration.

Transvaginal Sonography (TVS) is done with
a probe, which is placed close to the target organ.
There is no need of a full bladder. It also avoids the
difficulties due to obesity, faced in TAS. TVS operates
at a high frequency (5-8 MHz). Therefore, detailed
evaluation of the pelvic organs (within 10 cm of
the field) is possible with TVS. But the drawbacks
of TVS are mainly due to narrow vagina as in virgins,
postmenopausal women or post-radiation vaginal
stenosis.

Transvaginal Color Doppler Sonography (TV-
CDS)—Provides additional information of blood flow
to, from or within an organ (uterus or adnexae). This
flow can be measured by analysis of the waveform
using the pulsatility index.

Use of Ultrasound in Gynecology
® Infertility workup

¢ Serial measurement of ovarian follicular
diameter (folliculometry) and endometrial
thickness are done using TVS. Mature
follicle should measure between 18 and 20
mm in diameter. The favorable periovulatory
endometrium should be between 7 and 11 mm
thick (see Chapter 16)

¢ Ultrasound can provide presumptive evidence
of ovulation. Following ovulation, internal
echoes appear within ruptured follicle and free
fluid is observed in pouch of Douglas

¢ To detect correct timing of ovulation by
folliculometry in conjunction with plasma
estradiol. This helps in induction of ovulation,

artificial insemination and ovum retrieval in
IVF

¢ Sonographic guided oocyte retrieval in IVF
and GIFT programs, is now accepted as the
best method

m  Ectopic pregnancy can be detected on TVS as a
“tubal ring”, separate from the ovary in a patient
with empty uterine cavity. TV-CDS is of more
help to detect the vascularity of “tubal ring” when
it is unruptured

B Pelvic mass can be evaluated as regard to its
location and consistency. Uterine fibroid, ovarian
mass, endometrioma, tubo-ovarian mass, etc. can
be delineated when there is confusion in clinical
diagnosis. However, major limitation is due to its
lack of specificity

B Oncology: TV-CDS can assess the vascularity
of the mass. Low flow impedance with high
flow velocity raises the suspicion of a malignant
tumor.

Presence of papillary excrescences, mural nodules,
septations, cystic lesion with solid components,
snow storm appearance (hydatidiform mole)
and ascites are the other sonographic features of
malignancy.

B Endometrial disease: Women with unexplained
uterine bleeding, or postmenopausal bleeding are
better studied with TVS. An endometrial thick-
ness of less than 5 mm is considered atrophic.
Endometrial biopsy is needed for postmenopausal
women with thicker endometrium (see p. 356).

B Sonohysterography involves instillation of
saline in the uterine cavity and study with TVS.
Submucous fibroid or polyp is better diagnosed
with this method.

To locate missing IUD (see p. 483).
Sonohysterosalpingography (see p. 239).
Sonographically guided procedures.

A needle guide is attached to the shaft of the
vaginal probe. With the use of real time, TVS can
guide the needle course in a safe path. This technique
can be utilized for many diagnostic and therapeutic
purposes:

4 Aspiration of cystic masses, e.g. chocolate cyst
(see p. 312)
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¢ Follicular aspiration, e.g. ovum retrieval in IVF
(see p. 253)

¢ Aspiration of tubo-ovarian abscess.
Biopsies
Transrectal sonography can be used where TVS
cannot be used due to vaginal narrowing

®  Saline infusion sonography (SIS):

Infusion of normal saline into the uterine
cavity and doing transvaginal (high resolution)
sonography is helpful for the diagnosis of many
uterine patho-logy. SIS catheter is inserted through
the cervical os. Normal saline is infused slowly
(5—10 mL) when the uterus is imaged with vaginal
ultrasound.

Common indications of SIS are:
D Postmenopausal bleeding.

D> Abnormal uterine bleeding.

D Recurrent miscarriage.
)

Infertility.

COMPUTED TOMOGRAPHY
(CT SCAN)

The CT scan provides high resolution two-dimensional
images. Cross-sectional images of the body are taken
at very close intervals (few millimeters thick) in the
form of multiple slices. CT can differentiate tissue
densities and this gray-scale pictures can be read
on an X-ray film or a television monitor. Pelvic
organs could be differentiated from gastrointestinal

Fig. 9.21: CT scan of the pelvis showing an ovarian mass

and urinary systems using contrast media. Contrast
media can be given orally, IV or rectally. CT is most
useful in the diagnosis of lymph node metastases,
depth of myometrial invasion in endometrial cancer,
ovarian mass and myomas. CT can detect enlarged
lymph nodes but cannot differentiate between
benign hyperplasia or metastatic carcinoma. How-
ever, lymph nodes must be enlarged at least by
2 cm to be detected by CT. Cerebral metastases
of choriocarcinoma or microadenoma of the
pituitary can best be detected by CT procedure. CT
scan also facilitates the percutaneous needle biopsy
of suspicious lymph nodes. In obese or in cases of
distended stomach or gut, it is an ideal alternative to
sonar (see Fig. 37.81). CT is useful in assessing tumor
extent and detecting metastases (Fig. 9.21). CT has
its role in staging of ovarian cancer as it can detect
pertoneal, omental and serosal deposits in addition to
liver and nodal (retroperitoneal and intraperito-neal)
metastasis (see p. 662). It is superior to ultrasound.
Lower limit of detectable intraperitoneal implants is
between 1 and 5 mm. CT scans are useful in evaluat-
ing pituitary tumors. The best images from CT are
obtained when there are significant differences in
tissue densities. Helical CT is a current modification
and has many advantages. Helical CT has replaced
pulmonary angiography and ventilation-perfusion
scans for the diagnosis of pulmonary embolism.

However, it is more costly and there is chance of
surface radiation. Surface radiation dose of CT scan
of the abdomen and pelvis is between 2 and 10 cGY.
However, value of CT in the assessment of pelvic
organs is limited. MRI is preferred where available.

MAGNETIC RESONANCE IMAGING (MRI)

The phenomenon of nuclear magnetic resonance was
first described by Felix Bloch and Edward Purcell
in 1946. MR as a basis for an imaging technique
was employed in practice about 30 years later by
Lauterbur.

The MRI creates cross-sectional images of the
body using a combination of radiowaves (nonionizing
radiation) and magnetic fields. Biologic tissue nuclei
with protons or neutrons have got magnetic properties.
When a pulse of radiowaves is imposed on the nuclei a
strong resonance will occur and the energy is absorbed
by the nuclei. A signal is detected in a receiver coil,
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situated close to the tissue, when the energy is emitted
by the nuclei. The strength of the emitted signal
varies directly with the proton density. In gynecology,
resolution is 0.5 to 1 mm. The radiowaves penetrate
bone and air without attenuation. Respiratory
movements have got little effect on the pelvic
organs. Sagittal and coronal views can be obtained
without moving the patient. Patients with implants
(pacemakers) cannot undergo MRI. Gadolium is used
as IV contrast for better visualization of organs and
their abnormalities.

Uses of MRI

¢ MRI can differentiate the different zones
(endometrium, inner and outer myometrium)
of the uterus clearly (see Fig. 37.84). It can
measure the depth of myometrial penetration of
endometrial cancer preoperatively

¢ MRI can detect accurately the parametrial
invasion of cervical cancer but cannot identify
lymphatic metastases reliably. It is more reliable
in distinguishing post-treatment fibrosis and
recurrence

¢ MRIis superior to CT or ultrasound in diagnosing
adenomyosis, myomas and endometrial cancer
(including myometrial invasion)

¢ Endovaginal or endorectal coils produce high
resolution images of the cervix and parametrium.
Tumor volume can be measured with 3D imaging
system. Coronal and axial planes are used to
determine the invasion of the bladder, rectum,
parametrium and uterine body

¢ MRI does not require the use of radio-opaque
contrast agents. MRI uses gadolinium, a
magneti-cally opaque contrast agent and it is not
nephrotoxic

4 MRI is found to be safe in pregnancy and is not
mutagenic

¢ Leiomyomas are better diagnosed with MRI.

4 MRI is a noninvasive tool in the diagnosis of
endometriosis. It can measure the depth of
penetration, which is responsible for pelvic pain.

¢ MRI is superior to CT in the evaluation of
metastatic lymph nodes or recurrent pelvic
tumor. However, neither CT nor MRI can detect
microscopic malignant disease (see p. 664).

MRI is twice more expensive than CT.

Hazards

Main hazards are clectroconvulsions and atrial
fibrillation. This is due to rapidly changing magnetic
field. Hence, caution should be exercised with
epileptic patients and who had recent myocardial
infarction. Other limitation of MRI is patient accept-
ance. Many patient feel ‘trapped’ in the machine
(psychological distress).

POSITRON EMISSION TOMOGRAPHY
(PET)

The PET is based on the tissue uptake of 18F-fluoro-2
deoxyglucose (FDG). FDG-PET can measure the
difference between the normal tissue and cancerous
tissue. Cancer tissues process this glucose analogue
differently compared to that of normal tissues. This
glucose analogue is given IV. FDG-PET scan is then
done and the images are interpreted.

FDG-PET scan is more sensitive for detection
of metastatic disease and recurrence of ovarian or
cervical malignancy. It is also useful to assess the
response following tumor therapy. FDG-PET scan is
found to be more sensitive and specific compared to
CT or MRI.

Sensitivity of PET in detecting pelvic node metastasis
is 80% compared to MRI (70%) and CT (48%).

CONCLUSIONS

All the imaging systems have got their role in gyne-
cological practice.

X-ray, either plain or using contrast media, has
got its place. It is cheaper and quite informative with
minimal risks of irradiation.

Ultrasound establishes a definite place in diag-
nostic evaluation. Ultrasound guided procedures
are used for both the diagnostic and therapeutic
purposes.

CT is useful in the diagnosis of lymph node meta-
stasis and depth of myometrial invasion in endome-
trial cancer. It may be employed in selected cases to
detect microadenoma of pituitary or metastatic lesions
in the brain or liver.

MRI: Superior to CT or ultrasound. It is especially
helpful to differentiate post-treatment fibrosis and
tumor. It is safe in pregnancy.
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¢ PET is helpful to differentiate normal tissues from
cancerous one.

ENDOMETRIAL SAMPLING

Endometrial sampling is one of the diagnostic tests,
most frequently performed as an outdoor procedure.
This rapid, safe and inexpensive test is employed
in the clinical work up of women with infertility or
abnormal uterine bleeding or for periodic screening
during HRT. The instrument commonly used is
either a Vabra aspirator or a Sharman curette.
Currently endometrial sampler (Pipelle) is used
as an outpatient procedure (Fig. 9.22). A thin
plastic cannula (2-4 mm diameter), with a plunger
within, is negotiated within the uterus. It is done
as an outpatient procedure. When the plunger is
withdrawn, adequate endometrium is obtained due
to suction action. This procedure is reliable and is
accepted by the patient. Indications of endometrial
sampling are: (a) Dysfunctional uterine bleeding;
(b) Abnormal bleeding following the use of hormone
replacement therapy; (c) Abnormal perimenopausal
or menopausal bleeding. Pipelle is the instrument
of first choice for endometrial sampling. The
failure rate of the procedure is < 8%. To study the
hormonal effect, material from the fundus and upper
part of the body is to be taken. However, additional
diagnostic procedures, such as hysteroscopy
should be done when needed. When a large tissue
mass is needed for histological studies, a thorough
endometrial curettage is to be done under anesthesia
as in endometrial tuberculosis or postmenopausal
bleeding.

ENDOMETRIAL BIOPSY: The most reliable method
to study the endometrium is by obtaining the material
by curettage after dilatation of the cervix usually under
general anesthesia. Its clinical application is described
in appropriate chapters (see p. 194, 558).

TESTS FORTUBAL PATENCY: These are descri-bed
in the Chapter 16 (see p. 238).

CERVICAL BIOPSY: To confirm the clinical diag-
nosis of the cervical pathology, biopsy is mandatory.
It can be done in the outpatient department or in
indoor. Biopsy can be taken safely at the outpatient
department, if the pathology is detectable, but for
wider tissue excision as in cone biopsy, it should
be done as an inpatient procedure. The details are
described in page 589.

CULDOCENTESIS
Definition

Culdocentesis is the transvaginal aspiration of peri-
toneal fluid from the cul-de-sac or pouch of Douglas.

Indications

D Insuspected disturbed ectopic pregnancy or other
causes producing hemoperitoneum
D In suspected cases of pelvic abscess.

Steps

D The procedure is done under sedation

The patient is put in lithotomy position

Vagina is cleaned with Betadine

A posterior vaginal speculum is inserted

An 18 gauge spinal needle fitted with a syringe is

inserted at a point 1 cm below the cervicovaginal

junction in the posterior fornix (Fig. 9.23)

D After inserting the needle to a depth of about
2 cm, suction is applied as the needle is with-
drawn.

D If unclotted blood is obtained, the diagnosis of
intraperitoneal bleeding is established. If no
blood or fluid is obtained, the needle is withdrawn
slowly while intermittent suction should be
maintained. If the tap is found dry, another attempt
is to be made.

-—.—————__________’

Fig. 9.22: Endometrial sampler
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Site of entry
of needle

Fig. 9.23: Culdocentesis

ENDOSCOPY IN GYNECOLOGY
(See Chapter 35)

Endoscopy has become an essential armamentarium in
the diagnostic evaluation of gynecologic lesions as well
as for operative procedures. Gynecological endoscopy
includes the procedures as mentioned in Table 9.7.

TABLE 9.7 GYNECOLOGICAL ENDOSCOPY

« Laparoscopy - Hysteroscopy
« Falloposcopy - Cystoscopy
- Sigmoidoscopy and proctoscopy

« Salpingoscopy
« Culdoscopy

LAPAROSCOPY

Laparoscopy is a technique of visualization of
peritoneal cavity by means of a fiberoptic endoscope
introduced through the abdominal wall. Prior
pneumoperitoneum is achieved by introduction of
carbon dioxide or air. For diagnostic purposes, either
local or general anesthesia may be used. Its use is
gradually widening both in diagnostic and therapeutic
field in gynecology. The details are in Chapter 35
(Fig. 9.24).

Indications

¢ Diagnostic
4 Operative (see Chaper 35)
Diagnostic
¢ Infertility work up (see Chapter 16)
— Peritubal adhesions.
- Chromopertubation (see p. 238).
-~ Minimal endometriosis (see p. 308).
— Ovulation stigma of the ovary.

- Before reversal of sterilization operation
(see p. 247).

¢ Chronic pelvic pain (see p. 555)
4 Nature of a pelvic mass: Fibroid, ovarian cyst
¢ To diagnose an acute pelvic lesion

— Ectopic pregnancy (see p. 555).

- Acute appendicitis.

- Acute salpingitis—diagnosis and collection of
pus for culture.

¢ Follow-up of pelvic surgery (second look)
—  Tuboplasty
—  Ovarian malignancy

- Evaluation of therapy in endometriosis.

Fig. 9.24: Chlamydial infection causing perihepatic
adhesions (Fitz-Hugh-Curtis syndrome) diagnosed by

laparoscopy
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4 Investigation protocol of amenorrhea

¢ Diagnosis of suspected Miillerian abnormalities
(see p. 45)

4 Uterine perforation.

Timing of laparoscopy: In infertility work up, it
may be done in the periovulatory period to facilitate
chromopertubation and also diagnosis of ovulation.
However, in endometriosis, it is preferably done in
the premenstrual period when the ectopic endometrial
implants increase in size.

Operative—(see Chapter 35).
Complications—(see p. 619).

HYSTEROSCOPY (See P.587)

Hysteroscopy is an operative procedure whereby
the endometrial cavity can be visualized with the
aid of fiberoptic telescope. The uterine distension
is achieved by carbon dioxide, normal saline or
glycine. The instrument is to pass transcervically,
usually without dilatation of the cervix or local anes-
thesia. However, for operative hysteroscopy, either
paracervical block or general anesthesia is required.
Diagnostic hysteroscopy should be performed in
the postmenstrual period for better view without
bleeding. The chance of conception disturbance is
absent (Fig. 9.25).

Recently, contact hysteroscopy has become more
popular since a distending medium is not needed. The
interpretation of endometrial pathology is similar to
colposcopy in that it depends on color, contour and
vascular pattern.

Indications: B Diagnostic ™ Operative

The technical details and operative hysteroscopy are
dealt in Chapter 35.

Diagnostic

¢ Unresponsive irregular uterine bleeding to exclude
uterine polyp, submucous fibroid or products of
conception

4 Congenital uterine septum in recurrent abortion
Missing threads of [UD

4 Intrauterine adhesions (uterine synechiae)

<&

¢ To visualize transformation zone with colpomi-
crohysteroscopy when colposcopic finding is
unsatisfactory.

Operative—(see p. 622).
Complications—(see p. 623).

Conclusion: The instruments for endoscopic
procedures are costly and require a great deal of
expertise for diagnostic and especially for operative
procedures.

SALPINGOSCOPY:In salpingoscopy, a firm telescope
is inserted through the abdominal ostium of the
uterine tube so that the tubal mucosa can be visualized
by distending the lumen with saline infusion. The
telescope is to be introduced through laparoscope.

Salpingoscopy allows study of the physiology and
anatomy of the tubal epithelium and permits more
accurate selection of patients for IVF rather than
the tubal surgery.

FALLOPOSCOPY—see p. 239.

CYSTOSCOPY: The main use of cystoscopy in
gynecology is to evaluate cervical cancer prior to
staging and, to investigate the urinary symptoms
including hematuria, incontinence and fistulae.

CULDOSCOPY: Culdoscopy is an optical instrument
designed to visualize the pelvic structures through an

Fig. 9.25: Hysteroscopic view of a submucous
fibroid polyp
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incision in the pouch of Douglas. Its use has almost
been replaced by laparoscopy.

PROCTOSCOPY AND SIGMOIDOSCOPY: For
rectal involvement of genital malignancy, a digital
examination or at best proctoscopy is usually ade-
quate.

EXAMINATION UNDER ANESTHESIA (EUA): EUA
is indicated where bimanual examination cannot
be conducted properly either because of extreme
tenderness or inadequate relaxation of abdominopelvic
muscles or non-cooperative patient. It should be done
routinely in all cases of uterine malignancy for clinical
staging. It is extended freely to examine virgins or in
cases with pediatric gynecological problems.

LASER IN GYNECOLOGY

The word ‘Laser’ is an acronym for light ampli-
fication by Stimulated Emission of Radiation:

Physics of Laser

The important physical properties of laser are:
(i) Monochromacity—Light beams of a particular

laser have got the same wavelength.

(i) Coherent—The light waves are all perfectly
aligned and unidirectional.

(iii) Collimated—The light beams run parallel and do
not diverge.

(iv) The laser beam can be converged by a convex
lens to a sharp focus, called spot size.

(v) Power density is the measure of laser effects upon
tissue. It is expressed as watts/cm?.

(vi) Smaller the spot size, greater is the power density.

(vii)Laser-tissue interaction—The water in the
cells (80% by volume) boils instantly at the
temperature of 100°C. The cell explodes and
vaporizes. The cell protein and minerals are
incinerated and look charred.

(viii) The depth of tissue destruction is very precise
and there is very little lateral effect.

(ix) Laser effect depends on power (watts), spot size,
power density, and laser-tissue contact time.

(x) Beams of CO, and Nd: YAG laser are invisible.
There is preferential absorption of laser by one
tissue from another.

Common laser systems used in gynecology are
carbon dioxide, Nd : YAG, KTP and Argon (Table
9.8).

Fiberoptic laser laparoscopy (KTP 532 and
Argon) has the following advantages: Accurate
targetting, better hemostasis, contact modes of
cutting, vaporization, coagulation and less laser plume
production.

USES OF LASER IN GYNECOLOGY

Principal use of laser in gynecology is for the
purpose of tissue cutting, coagulation or vapori-
zation. It is used widely in genital tract surgery and
with endoscopic surgery. It is commonly used in the
management of:

(1) Cervical intraepithelial neoplasia (CIN) (see
p. 320).

(i1) Conization of the cervix (see p. 589).

(ii1) Vulvar intraepithelial neoplasia (VIN) (see
p. 318).

(iv) Vaginal intraepithelial neoplasia (VAIN) (see p.
319).

(v) Vaporization of pelvic endometriosis (see
p. 312).

(vi) Laser laparoscopy for ovarian cystectomy,
adhesiolysis, removal of ectopic pregnancy and
presacral neurectomy.

(vii)Laser laparoscopy assisted hysteroscopy, for
dividing large pedicles that have been coagulated
or suture ligated.

TABLE 9.8 COMMON LASER SYSTEMS USED IN GYNECOLOGY

Laser type Wavelength Tissue penetration
Carbon dioxide 10.6 pm 0.1 mm
Neodymium : yttrium-aluminium gernate (Nd : YAG) 1.06 um 0.6-4.2 mm
Potassium titanyl-phosphate (KTP 532) 0.532 um 0.4-0.8 mm
Argon 0.5 um 0.2 mm
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(viii) Hysteroscopic surgery—Laser ablation
of endometrium (see p. 193), resection of
uterine septum (metroplasty) and submucous
fibroids (see p. 283).

Limitations of Laser
¢ The equipment is expensive

¢ Technical complexity—requires sufficient training.

HAZARDS OF LASER SYSTEMS

Laser must be used by a trained person. Laser prote-
ction guidelines must be strictly followed to protect
the operator, assistant, the theatre staff and the patient
from the accidental hazards. A laser controlled area

(LCA) must have warning signs when laser is in
use. Special spectacles are used to protect the eyes.
Common hazards are :

m(i) Eyes—visual loss due to corneal or retinal
damage, (ii) Skin damage, and (iii) Damage from
laser smoke.

EGeneral: (1) Burn injury (use of spirit and paper
drapes must be avoided in theatre), (ii) Inflammable
anesthetic gases are to be used with great care,
(iii) Reflections of laser beam is dangerous. Shining
instruments are not to be used, (iv) Fire extinguisher
should always be available (v) Plume of smoke should
be extracted.

KEY POINTS

> The clinical examination should be thorough and meticulous. The examination should in fact proceed with the
provisional diagnosis in mind. A patient hearing should be given about the complaints made by the patient
in her own words.

> Menstrual history includes age of menarche, cycle length, regularity, duration of period, amount of flow and
the first day of the last menstrual period.

> Integration of the symptomatology to a single pathology is to be tried first before embarking on the diagnosis
of multiple pathology.

> The general and systemic examination should be thorough and meticulous.

> Clinical breast examination (CBE) should be a routine part of the gynecologic examination (Fig. 9.1). Annual
CBE of women with age > 40 years is recommended (ACOG).

> CBE begins with inspection and then a thorough palpation (see p. 565). The examiner should check for nipple
discharge (see p. 566) as well as the axillary lymph nodes (see p. 565).

> Bladder should be empty prior to examination.

> Abdominal palpation should be done with the flat of the hand rather than the tips of the fingers. Whether a mass
is felt or not, routine palpation of the viscera includes liver, spleen, cecum, pelvic colon, gallbladder and kidneys.

> Itis mandatory to elicit presence of free fluid in the peritoneal cavity in all cases of pelvic tumors.

> Pelvic examination includes inspection of external genitalia, vaginal examination (inspection with a speculum,
palpation and bimanual examination), rectal examination and rectovaginal examination.

> Rectovaginal examination is of special help to differentiate a growth arising from the ovary or rectum.

> Dyskaryosis is the morphological abnormality of the nucleus. It may be mild, moderate or severe. Koilocytosis
is associated with human papilloma virus infection.

> As a screening procedure, the material from the cervix is best collected using Ayre’s spatula. About 5 cases of
cervical intraepithelial neoplasia are diagnosed per 1000 patients and invasive carcinoma of the cervix in order
of 1in 1000. The Pap smear screening should best be done at interval of 3 years after 2 yearly negative smears
from 18 years to 60 years. However, screening interval depends on patient’s risk level (Table 9.1).

> Diagnostic accuracy of Pap smear after three consecutive negative tests is about 99 percent.

> For cytohormonal study, the smear is taken from the lateral wall of the upper-third of the vagina. The estrogenic
smear is suggested by preponderance of large eosinophilic cells with pyknotic nuclei. The progesterone smear
is predominantly basophilic with vesicular nuclei. The background is dirty.

Contd...
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Power density is the most important determinant of the laser effects. Greater the power density, the less the
thermal effect and less is the hemostatic property.

Maturation index (MI), is expressed by three numbers as the percentage of parabasal, intermediate and superficial
cells written from left to the right. There is significant shift in maturation index from birth to menopause.
Examination of cervical mucus is done for bacteriological study, to know the hormonal status and in infertility
investigation.

Estrogenic mucus is clear, abundant and has got the power of elasticity and shows pattern of fern tree formation.
Progesterone smear is thick and viscid, loses its property of elasticity and ferning disappears.

Postcoital test (PCT) is done on day 12 or 13. The reporting time is within 8-12 hours following intercourse.
Presence of at least 10 progressively motile sperm per high power field signifies the test to be normal. Routine
postcoital test is not recommended.

> Menstrual cycles after puberty and before menopause are frequently anovulatory and irregular.

> Pap smears should be performed every 1-3 years depending upon patients’ risk factors.

> Ultrasonography (TAS, TVS or TV-CDS) has become a common diagnostic modality in gynecology. It is

widely used in infertility work up (sonohysterosalpingography, folliculometry, detection of ovulation and
oocyte retrieval in IVF programme), evaluation of pelvic mass, ectopic pregnancy and endometrial disease.
Sonographically guided procedures provide added information.

CT is useful in detection of enlarged pelvic lymph nodes and microadenoma of pituitary. Helical CT is a
modification that uses movement of the patient combined with rotation of several radiographic registers in
a spiralling fashion. Vascular images are so high quality that it has replaced pulmonary angiography and
ventilation-perfusion scans. Surface radiation dose from CT is between 2 and 10 rads.

MRI uses radiowaves (nonionising) and magnetic fields. It accurately shows parametrial invasion of cervical
cancer but cannot reliably identify the lymph node metastases. It can measure the depth of myometrial
penetration in endometrial carcinoma preoperatively. High resolution images in multiple planes are obtained.
Tumour volume can be measured with 3D imaging system.

MRI should not be used in pateints with cochlear implants or pacemakers. It is safe in women with pregnancy
or IUDs.

Endometrial sampling is useful in the clinical work-up of women with infertility or abnormal perimenopausal
bleeding. It can be performed in the OPD using a narrow plastic cannula (pipette).

> Culdocentesis is indicated in suspected cases of haemoperitoneum or pelvic abscess.

> Pap test (cervical smear test) is the most effective cancer screening procedure. It reduces the incidence of cancer

cervix by 80% when used regularly.

Cervical cancer is caused by HPV (see p. 323) infection. Virtually most HPV infections regress spontaneously.
An HPV-DNA test can be used to triage women with ASC-US cytology reports.

Colposcope is a lower power binocular microscope. It is employed in cases with abnormal cervical smear and
with clinically suspicious cervices, especially with history of contact bleeding even if the smear is negative.
Colposcopy directed biopsy is the best one when the lesion is not clinically detected. Colposcope is used to
evaluate women with abnormal cytology (p. 115, 324).

The use of laparoscopy is gradually widening. The major diagnostic uses are infertility, chronic pelvic pain and
to exclude pelvic lesion (see Ch. 35).

Hysteroscopy is gaining popularity as a diagnostic aid in unresponsive uterine bleeding, uterine synechiae,
congenital uterine septum or missing threads of IUD (see Ch. 35).

Salpingoscopy is the evaluation of tubal mucosa with a telescope, introduced through the abdominal ostium
of the tube.

Principal use of laser in gynecology is for tissue cutting, coagulation or vaporisation. Laser effects depend

on power (watts), spot size, power density and laser-tissue contact time. Commonly used laser systems in
gynecology are CO,, Nd:YAG, KTP 532 and Argon (Table 9.8).




Pelvic Infection

DEFENCE OF THE GENITAL TRACT

As there is free anastomosis between the lymphatics
and blood vessels, the infection of one pelvic organ
usually spreads to the other more frequently. There
is direct communication of the peritoneal cavity to
the exterior through the vagina. In spite of these, the
frequency and intensity of pelvic infection is kept
lowered by the defence mechanism.

Vulval Defence

Anatomic: (i) Apposition of the cleft by labia; (ii)
Compound racemose type of Bartholin’s glands.

Physiologic: (i) Fungicidal action of the secretion
(undecylenic acid) of the apocrine glands; (ii) Natural
high resistance to infection of the vulval and perineal
skin.

Vaginal Defence

Anatomic: (1) Apposition of the anterior and posterior
walls with its transverse rugae; (ii) Strati-fied
epithelium devoid of glands.

Physiologic: This is maintained by the hormone
oestrogen (Table 10.1).

At Birth, under the influence of maternal estrogen
circulating into the newborn, the vaginal epithelium
becomes multilayered. The desquamated epithelium
containing glycogen is converted into lactic acid
probably by enzymatic action for the first 48 hours.
Subsequently, the Doderlein’s bacilli appear probably
from the gut and convert the glycogen into lactic acid.
As aresult, for about 10-12 days following birth, the
vaginal defence is good and infection is unlikely.

Thereafter and upto puberty, there is no circulatory
estrogen. The vaginal epithelium is reduced to few
layers; glycogen is absent and so also the Doderlein’s
bacillus. The vaginal pH becomes neutral or alkaline.
During the reproductive period with highoestrogen,
the vaginal defence is fully restored. But again in
postmenopause, after the withdrawal of estrogen,
the vaginal defence is lost.

It should be emphasized that only the Doderlein’s
bacilli can grow in the acidic media with pH 4—4.5.
But when the pH increases, the other organisms
normally present in the vagina will grow.

Phases of Life when Defence is lost:
(1) Following 10 days of birth till puberty is reached.

TABLE 10.1 § DEFENCE OF THE VAGINA IN RELATION TO AGE

Newborn Up to puberty Childbearing Postmenopause
(0-10 days) period
Epithelium Multilayered Thin Multilayered Thin
Glycogen ++ (=) ++ (=)
Doderlein’s bacillus + ) ++ (=)
pH Acidic Neutral or alkaline Acidic Neutral
(4-5) (6-8) (4-5) (6-7)
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(i1) During reproductive period—in the following
situation:
¢ During menstruation: The vaginal pH becomes
increased due to contaminated blood and fall
of oestrogen. The protective cervical mucus
disappears and the endometrium sheds.

¢ Following abortion and childbirth: The
contaminated lochia increases the pH. The
raw placental site, inevitable tear of the cervix,
bruising of the vagina and presence of blood
clots or remnants of decidua favor nidation of
the bacterial growth.

(iii) During menopause.

Cervical defence: Anatomic—(i) Racemose type of
glands, (ii) mucus plug.

Physiologic—Bactericidal effect of the mucus.

Uterine defence: (i) Cyclic shedding of the endo-
metrium (ii) Closure of the uterine ostium of the
fallopian tube with slightest inflammatory reaction
in the endometrium.

Tubal defence: Anatomic—Integrated mucus plicae
and epithelial cilia.

Physiologic—Peristalsis of the tube and also the
movement of the cilia are towards the uterus.

Causative organisms: The bacterial pathogens
involved in upper genital tract infections are princi-
pally derived from the normal flora of the vagina and
endocervix. Exogenous sources are sexually transmi-
tted or following induced or unsafe abortion or during
delivery in unhygienic surroundings.

ORGANISMS

1. Pyogenic (50%): This is the commonest type — the
organisms responsible are:

Aerobes
The gram-positive organisms are Staphylococcus.

The gram-negatives are E. coli, Pseudomonas,
Klebsiella, N. gonorrhoeae, etc.

Anaerobes

The gram-positives are anaerobic Streptococcus.
Clostridium welchii, Cl. tetani, etc. The gram-nega-
tives are mainly bacteroides group of which Bactero-
ides fragilis is the commonest.

2. Sexually transmitted disease (STD): The
organisms are N. gonorrhoeae, Chlamydia
trachomatis, Treponema pallidum, Herpes simplex
virus type II, Human papilloma virus, Gardnerella
vaginalis (Haemophilus vaginalis), Haemophilus
ducreyi, Donovan bodies, HIV I or 11, etc.

3. Parasitic: Trichomonas vaginalis
4. Fungal: Candida albicans

5. Viral: Herpes simplex virus type II, Human
papilloma virus, HIV, Condylomata accuminata,
etc.

6. Tubercular: Mycobacterium tuberculosis.

MODES OF SPREAD OF INFECTIONS

The route of infection is most commonly ascending
in nature. However, the classic modes of infection of
some specific organisms are:

e Through continuity and contiguity—gono-
coccal infection (Fig. 10.1).

e Through lymphatics and pelvic veins—post-
abortal and puerperal infection—by pyogenic
organisms other than gonococcus (Fig. 10.2).

e  Through blood stream—tubercular

e From adjacent infected extra-genital organs
like intestine.

ACUTE PELVIC INFECTION

e Pelvic inflammatory disease (PID).

e Following delivery and abortion.

e Following gynecological procedures.

e Following IUD.

e Secondary to other infections—appendicitis.

PELVIC INFLAMMATORY DISEASE
(PID)

DEFINITION

PID is a disease of the upper genital tract. It is a
spectrum of infection and inflammation of the
upper genital tract organs typically involving the
uterus (endometrium), fallopian tubes, ovaries,
pelvic peritoneum and surrounding structures. It
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is attributed to the ascending spread of microorga-
nisms from the cervicovaginal canal to the contigu-
ous pelvic structures. The clinical syndrome is not
related to pregnancy and surgery.

But, as the terminology fails to pinpoint the
precise organ or organisms involved, it is better to
use the anatomical terminology in relation to which
organ is involved in the infectious process. Thus, the
better terminology should be ecither endometritis,
salpingitis, pelvic peritonitis or tuboovarian abscess.
The cervicitis is not included in the list.

Many, however, prefer the term salpingitis as
because it ultimately bears the brunt of acute infection.

From a clinical perspective, it is more pragmatic
to describe acute salpingitis as sexually transmitted
or not.

Epidemiology: Despite better understanding of the
etiology, pathogenesis, improved diagnostic tools such
as sonar or laparoscopy and advent of wide range
of antimicrobials, it still constitutes a health hazard
both in the developed and more so in the developing
countries. The incidence of pelvic infection is on the
rise due to the rise in sexually transmitted diseases.

The ready availability of contraception together
with increased permissive sexual attitude has resu-
Ited in increased incidence of sexually transmitted
diseases and, correspondingly, acute PID (more in
p. 147).

The incidence varies from 1-2 per cent per year
among sexually active women. About 85 per cent are
spontaneous infection in sexually active females of
reproductive age. The remaining 15 per cent follow
procedures, which favors the organisms to ascend
up. Such iatrogenic procedures include endometrial
biopsy, uterine curettage, insertion of IUD and
hysterosalpingography. Two-thirds are restricted to
young women of less than 25 years and the remaining
one-third limited among 30 years or older.

Pelvic inflammatory disease is a major problem
to the reproductive health of young women. PID
may be asymptomatic or subclinical. Currently there is
certain changes in the epidemiology of PID. (A) Shift
from inpatient PID to outpatient PID. (B) Change in
clinical presentation. Less severe disease is commonly
seen. (C) Shift in the microbial etiology of more
Chlamydia trachomatis than gonococcus and others.

abscess
Pelvic peritonitis

Pelvic abscess

Bartholin’s
gland

Fig. 10.1: Mode of spread in gonococcal infection

RISK FACTORS

Menstruating teenagers.

Multiple sexual partners.
Absence of contraceptive pill use.
Previous history of acute PID.
IUD users.

Area with high prevalence of sexually transmitted
diseases.

Teenagers have got low hormonal defence in
response to genital tract infection. Wider area of
cervical epithelium allows colonisation of Chlamydia
trachomatis and N. gonorrhoeae (See p. 147).

PROTECTIVE FACTORS
B Contraceptive practice
¢ Barrier methods, specially condom, diaphragm
with spermicides (see p. 476).
¢ Oral steroidal contraceptives have got two
preventive aspects.

— Produce thick mucus plug preventing
ascent of sperm and bacterial penetration
(see p. 485).

— Decrease in duration of menstruation,
creates a shorter interval of bacterial colo-
nization of the upper tract.

¢ Monogamy or having a partner who had
vasectomy.
m Others
¢ Pregnancy
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¢ Menopause
¢ Vaccines: hepatitis B, HPV (p. 326).

MICROBIOLOGY

Acute PID is usually a polymicrobial infection caused
by organisms ascending upstairs from downstairs.

The primary organisms are sexually transmitted
and limited approximately to N. gonorrhoeae in 30
per cent, Chlamydia trachomatis in 30 per cent and
Mycoplasma hominis in 10 per cent.

The secondary organisms normally found in the
vagina are almost always associated sooner or later.
These are:

Aerobic organisms—non-hemolytic Strepto-
coccus.

E. coli, group B Streptococcus and Staphylococcus.

Anaerobic organisms—Bacteroides species — fra-
gilis and bivius, Peptostreptococcus and Peptococcus.

MODE OF AFFECTION

e The classic concept is that the gonococcus ascends
up to affect the tubes through mucosal continuity
and contiguity. This ascent is facilitated by the
sexually transmitted vectors such as sperm and
trichomonads.

e Reflux of menstrual blood along with gonococci
into the fallopian tubes is the other possibility.

e Mycoplasma hominis probably spreads across the
parametrium to affect the tube.

e The secondary organisms probably affect the tube
through lymphatics.

e Rarely, organisms from the gut may affect the
tube directly.

PATHOLOGY

The involvement of the tube is almost always bilateral
and usually following menses due to loss of genital
defence.

The pathological process is initiated primarily
in the endosalpinx. There is gross destruction of
the epithelial cells, cilia and microvilli. In severe
infection, it invades all the layers of the tube and
produces acute inflammatory reaction; becomes
edematous and hyperemic. The exfoliated cells

along with the exudate pour into the lumen of
the tube and agglutinate the mucosal folds. The
abdominal ostium is closed by the indrawing of the
edematous fimbriae and by inflammatory adhesions.
The uterine end is closed by congestion. The closure
of both the ostia results in pent up of the exudate
inside the tube. Depending upon the virulence, the
exudate may be watery producing hydrosalpinx
or purulent producing pyosalpinx. The purulent
exudate then changes the microenvironment of the
tube which favors growth of other pyogenic and
anaerobic organisms resulting in deeper penetration
and more tissue destruction. The organisms
spontaneously die within 2—3 weeks. As the serous
coat is not much affected, the resulting adhesions
of the tube with the surrounding structures are
not so dense, in fact flimsy, unlike pyogenic or
tubercular infection.

On occasions, the exudate pours through the
abdominal ostium to produce pelvic peritonitis and
pelvic abscess or may affect the ovary (the organisms
gain access through the ovulation rent) producing
ovarian abscess. A tubo-ovarian abscess is thus formed
(Fig. 10.1).

CLINICAL FEATURES

SYMPTOMS

Patients with acute PID present with a wide range
of non-specific clinical symptoms. Symptoms
usually appear at the time and immediately after the
menstruation.

D Bilateral lower abdominal and pelvic pain which
is dull in nature. The onset of pain is more rapid
and acute in gonococcal infection (3 days) than in
chlamydial infection (5-7 days).

D There is fever, lassitude and headache.

D Irregular and excessive vaginal bleeding is usually
due to associated endometritis.

» Abnormal vaginal discharge which becomes
purulent and or copious.

» Nausea and vomiting.
» Dyspareunia.

D Pain and discomfort in the right hypochondrium
due to concomitant perihepatitis (Fitz-Hugh-
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Curtis syndrome) may occur in 5—10 per cent of
cases of acute salpingitis. The liver is involved
due to transperitoneal or vascular dissemination of
either gonococcal or chlamydial infection.

SIGNS

D The temperature is elevated to beyond 38.3°C.

D Abdominal palpation reveals tenderness on both
the quadrants of lower abdomen. The liver may
be enlarged and tender.

D Vaginal examination reveals: (1) Abnormal
vaginal discharge which may be of purulent. (2)
Congested external urethral meatus or openings
of Bartholin’s ducts through which pus may be
seen escaping out on pressure. (3) Speculum
examination shows congested cervix with
purulent discharge from the canal. (4) Bimanual
examination reveals bilateral tenderness on fornix
palpation, which increases more with movement
of the cervix. There may be thickening or a
definite mass felt through the fornices.

CLINICAL DIAGNOSTIC CRITERIA
OF PID (CDC-2006)

» Minimum Criteria

¢ Lower abdominal tenderness.

¢ Adnexal tenderness.

¢ Cervical motion tenderness.
D Additional Criteria

¢ Oral temperature > 38.3°C.

¢ Mucopurulent cervical or vaginal discharge.
¢ Raised C-reactive protein and/or ESR.
*

Laboratory documentation of positive cervical
infection with Gonorrhoea or C. trachomatis.
e Definitive Criteria
¢ Histopathologic evidence of endometritis on
biopsy.
¢ Imaging study (TVS/MRI) evidence of

thickened fluid filled tubes + tubo-ovarian
complex.

¢ Laparoscopic evidence of PID (see below).

INVESTIGATIONS

Identification of organisms: For identification
of organisms, the materials are collected from the
following available sources:

1. Discharge from the urethra or Bartholin’s gland.
2. Cervical canal.

3. Collected pus from the fallopian tubes during
laparoscopy or laparotomy.

The material so collected is subjected to Gram stain
and culture (aerobic and anaerobic). The findings of
gram-negative diplococci is very much suggestive of
gonococcal infection. Except in highly sophisticated
centers, the detection of CL trachomatis is difficult (for
diagnosis see p. 150). As the process of investigation
is not specific and is time consum-ing, treatment
for Cl. trachomatis should be started from the
clinical diagnosis. A positive Gram stain smear from
endocervical mucus is non-specific and a negative
smear does not rule out upper genital tract infection.

Blood: Leucocyte count shows leucocytosis to more
than 10,000 per cu mm and an elevated ESR value
of more than 15 mm per hour. The results correlate
with the severity of the inflammatory reactions of the
fallopian tubes as seen on laparoscopy. Serological
test for syphilis should be carried out for both the
partners in all cases.

Laparoscopy: Laparoscopy is considered the "gold
standard". While it is the most reliable aid to support
the clinical diagnosis but it may not be feasible to do
in all cases. It is reserved only in those cases in which
differential diagnosis includes salpingitis, appendicitis
or ectopic pregnancy. Nonresponding pelvic mass
needs laparoscopic clarification (also see p. 141).

Laparoscopic findings and severity of PID:

¢ Mild: Tubes: Edema, erythema, no purulent
exudates and mobile.

¢ Mod: Purulent exudates from the fimbrial ends,
tubes not freely movable.

¢ Severe: Pyosalpinx, inflammatory complex,
abscess.

¢ “Violin string’ like adhesions in the pelvis and
around the liver suggests chlamydial infection.
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TABLE 10.2 § CLINICAL FEATURES OF ACUTE PID

¢ Fever > 38°C.

¢ Bilateral lower abdominal tenderness with
radiation to the legs.

4 Abnormal vaginal discharge.

4 Abnormal uterine bleeding.

4 Deep dyspareunia.

4 Cervical motion tenderness

¢ Adnexal tenderness ]

On bimanual
examination

Laparoscopy helps to aspirate fluid or pus for
microbiological study from the fallopian tube, ovary
or pouch of Douglas.

Sonography:It is of limited value. Dilated and fluid-
filled tubes, fluid in the pouch of Douglas or adnexal
mass are suggestive of PID. It may be employed where
clinical examination is difficult or is not informative
because of acute tenderness or obesity.

Culdocentesis: Aspiration of peritoneal fluid and
its white cell count, if exceeds 30,000 per mL. is
significant in acute PID. Bacterial culture from the
fluid is not informative because of vaginal contami-
nation.

Investigations are also to be extended to male
partner and smear and culture are made from urethral
secretion.

DIAGNOSIS

The anatomic diagnosis of infection to the upper
genital tract is made from the following clinical
features (Table 10.2).

Microbial diagnosis is difficult. But as already
emphasized, one should not wait for the report,
instead treatment should be started empirically. The
materials for identification of organisms are from
the cervical and urethral discharge and secretion from
the Bartholin’s gland, and laparoscopic or laparotomy
collection of pus from the fallopian tubes. The
materials are to be subjected to Gram stain and culture
(aerobic and anaerobic).

Gram stain of the discharge may be positive for
gram-negative intracellular diplococci of N. gono-
rrhoeae. Bacteriologic diagnosis of Chlamydia
trachomatis is difficult. However, the status of the
sexual partner is the single most important clue to
the diagnosis of chlamydial infection. If the woman
has a stable sexual relationship with asymptomatic
man, the clinical manifestations are unlikely to be
due to chlamydial infection.

DIFFERENTIAL DIAGNOSIS

The clinical condition may be confused with:
(1) Appendicitis, (2) Disturbed ectopic pregnancy,

TABLE10.3 J CLINICAL FEATURES OF ACUTE SALPINGITIS, ACUTE APPENDICITIS AND DISTURBED ECTOPIC

Symptoms and signs Acute salpingitis (Table Acute appendicitis Disturbed ectopic
12.3)
¢ Pain Acute lower abdominal on | Starts near umbilicus but Acute lower abdomen on
both sides settles to right iliac fossa one side
¢ Amenorrhea and Unrelated Unrelated Usually present
bleeding PV
¢ Gl symptoms such as | Inconsistently present Usual Absent
nausea, vomiting
¢ General look Face-flushed Toxic Pale
¢ Tongue No significant change Furred Pale
¢ Pulse Rapid but proportionate Rapid, out of proportion to | Persistent rise even with

with temperature

temperature

normal temperature

¢ Temperature More raised

Slightly raised

Not raised

Lower abdomen on both
sides

¢ Tenderness

On McBurney’s point may
have muscle guard

Lower abdomen more on
one side

Tenderness on both
fornices. A mass may be felt

¢ Pervaginum

Tenderness on right fornix
and high up

Mass may be felt through
one fornix extending up to
pouch of Douglas
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(3) Torsion of ovarian pedicle, haemorrhage or rupture
of ovarian cyst, (4) Endometriosis, (5) Diverticulitis
and (6) Urinary tract infection (Table 10.3).

The two conditions—acute appendicitis and
disturbed ectopic pregnancy must be ruled
out, because both the conditions require urgent
laparotomy whereas acute salpingitis is to be treated
conservatively.

COMPLICATIONS OF PID

Immediate: (1) Pelvic peritonitis or even generalized
peritonitis. (2) Septicemia—producing arthritis or
myocarditis.

Late: (1) Dyspareunia. (2) Infertility rate is 12 per
cent, after two episodes increases to 25 per cent
and after three raises to 50 per cent. It is due to
tubal damage or tubo-ovarian mass. (3) Chronic
pelvic inflammation is due to recurrent or associated
pyogenic infection. (4) Formation of adhesions or
hydrosalpinx or pyosalpinx and tubo-ovarian abscess.
(5) Chronic pelvic pain and ill health. (6) Increased
risk of ectopic pregnancy (6-10 fold).

TREATMENT

Essential steps in the prevention are:

¢ Community based approach to increase public
health awareness.

¢ Prevention of sexually transmitted diseases with
the knowledge of healthy and safer sex.

¢ Liberal use of contraceptives.

¢ Routine screening of high-risk population.

The principles of therapy are:
¢ To control the infection energetically.
¢ To prevent infertility and late sequelae.

¢ To prevent reinfection.

Outpatient therapy: Apart from adequate rest and
analgesic, antibiotics are to be prescribed even before
the microbiological report is available. As because the
infection is polymicrobial in nature, instead of single,
combination of antibiotics should be prescribed. Out-
patients antibiotic therapy for acute PID is given in
the Table 10.4.

AMBULATORY MANAGEMENT OF
TABLE 10.4

B Patient should have oral therapy for 14 days
B Regimen A

- Levofloxacin 500 mg (or, ofloxacin 400 mg) PO

once daily with or without

- Metronidazole 500 PO bid
B Regimen B

— Ceftriaxone 250 mg IM single dose PLUS

— Doxycycline 100 mg PO bid with or without

- Metronidazole 500 mg PO bid for 14 days

Broad spectrum antibiotic coverage (cefotaxime/
cefoxitin) is indicated as most PIDs are polymicro-
bial (gram-negative and positive aerobes as well as
anaerobic rods and cocci)

All patients treated in the outpatients are evalua-
ted after 48 hours and if no response, are to be
hospitalised.

Inpatient therapy: The patients are to be hospi-
talized for antibiotic therapy in the conditions as
mentioned in Table 10.5.

Bed rest is imposed. Oral feeding is restricted.
Dehydration and acidosis are to be corrected by
intravenous fluid.

Intravenous antibiotic therapy is recommended
for at least 48 hours but may be extended to 4 days,
if necessary (Table 10.6).

Improvement of the patient is evidenced by remi-
ssion of temperature, improvement of pelvic tender-
ness, normal white blood cell count and negative
report on bacteriological study.

INDICATIONS FOR
TABLET05 § 1 0SPITALIZATION (CDC-2006)

¢ Suspected tubo-ovarian abscess
¢ Severe illness, vomiting, temperature > 38°C

¢ Uncertain diagnosis—where surgical emergencies,
(e.g. appendicitis) cannot be excluded

¢ Unresponsive to outpatient therapy for 48 hours
¢ Intolerance to oral antibiotics

¢ Co-existing pregnancy

¢ Patient is known to have HIV infection
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INPATIENT ANTIBIOTIC THERAPY
TABLE 10.

¢ Regimen A
B Cefoxitin 2 gm IV every 6 hours for 2-4 days
PLUS
B Doxycycline 100 mg PO for 14 days
¢ Regimen B
B Clindamycin 900 mg IV every 8 hours
PLUS
B Gentamicin 2 mg/kg IV (loading dose), followed
by 1.5 mg/kg IV (maintenance dose) every 8 hours
¢ Alterntive Regimen
B |evofloxacin 500 mg IV once daily with or without
B Metronidazole 500 mg IV every 8 hours

Regimen B is preferred for cases with pelvic abscess
as it has anaerobic coverage. Alternative regimen is
dosed once a day

Indications of surgery: The indications of sur-gery
are comparatively less. The unequivocal indica-tions
are:

Generalized peritonitis.
Pelvic abscess.

¢ Tubo-ovarian abscess which does not respond
(4872 hours) to antimicrobial therapy.

To prevent reinfection: The following formalities
are to be rigidly followed to prevent reinfection:

¢ Educating the patient to avoid reinfection and the
potential hazards of it.

¢ The patient should be warned against multiple
sexual partners.

To use condom.

¢ The sexual partner or partners are to be traced and
properly investigated to find out the organism(s)
and treated effectively. If they have got non-
gonococcal urethritis, they should be treated with
tetracycline 500 mg 6 hourly or doxycycline 100
mg twice daily for 7 days.

FOLLOW UP

Repeat smears and cultures from the discharge are
to be done after 7 days following the full course of
treatment. The tests are to be repeated following each
menstrual period until it becomes negative for three
consecutive reports when the patient is declared
cured. Until she is cured and her sexual partner(s)

have been treated and cured, the patient must be
prohibited from intercourse.

The only unequivocal proof of successful treat-
ment after salpingitis is an intrauterine pregnancy.

PELVICINFECTION FOLLOWING
DELIVERY AND ABORTION

The common organisms producing acute infection
following delivery are anacrobic Streptococcus,
Staphylococcus pyogenes, non-hemolytic
streptococcus, E. coli and Bacteroides group. Too
often, multiple organisms are present and it is difficult
to pinpoint a particular organism responsible for a
particular type of infection.

As previously mentioned, the defence is lost following
childbirth and abortion. Malnutrition, unhygienic
environment during delivery, dehydration and ketoacidosis
during labor are the additional factors in underprivileged
women. Infections are common following cesarean section.
Following abortion, specially when induced criminally,
exogenous infection is quite likely and potentially virulent.

Pathology

The infection is either localized to the cervix, producing
acute cervicitis or may affect the placental site producing
endometritis. The infection may spread to the myometrium
producing endomyometritis which is limited by a
leucocytic barrier. On occasion, the infection spreads to
the parametrium, usually to one side, through lymphatics
or directly through the tear of the cervix; thereby gaining
access to the base of the broad ligament. The infection may
also spread upwards through the tubal openings into the
tubal lumen producing endosalpingitis. Thus, the fallopian
tube is affected either from outside following parametritis,
through lymphatics producing perisalpingitis or through
endosalpingitis. The ovary may be affected through
involvement of the tube or following pelvic peritonitis.
Thus, an acute tubo-ovarian mass is formed (Fig. 10.2).

Spread of infection: Depending upon the virulence of the

organisms and resistance of the host, the following events
may occur.

The infection is localized principally to the cervix
and subsequently develops into chronic cervicitis. The
parametrial exudate may resolute completely leaving
behind scarring or fibrosis or may undergo suppuration. The
abscess so formed usually points above the inguinal ligament.
The tubal affection results in cornual block, hydro-salpinx
or pyosalpinx following blockage of the fimbrial end. There
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Endometritis Exosalpingo-

Suppurative
thrombophlebitis

Placental site or
Cervical lacertion

To lymphatics
To base of broad
ligament (cellulitis)

Fig. 10.2: Mode of spread in postabortal or
puerperal infection

may be peritonitis either localized or at times generalized.
In others, the tube may be adherent with the ovary, intestine
and omentum producing tubo-ovarian mass, the abdominal
ostium usually remaining patent. The pelvic veins may be
involved producing thrombophlebitis, which is either
confined to the pelvis or spreads upwards along the ovarian
veins or downwards along the iliofemoral veins. The systemic
effect varies from minimal to a fatal one, specially with gram-
negative organisms following criminal abortion. The serious
complications include septic shock, acute renal failure and
disseminated intravascular coagulopathy.

Clinical features

The onset may be acute or insidious and the clinical picture
varies widely depending upon the severity and spread of
infection. But the chief complaints of varying magnitude
are fever, lower abdominal and pelvic pain and offensive
vaginal discharge following delivery or abortion.

On examination, the patient looks ill and may be
restless. She likes to lie on her back with the legs flexed.
Pulse rate is rapid and is out of proportion to the temperature.
Abdominal examination reveals tenderness or even rigidity
on lower abdomen.

Vaginal examination is painful. The discharge is
offensive. The uterus is tender, more with movement of the
cervix. The fornices are tender. Depending upon the spread,
there may be unilateral or bilateral mass (tubo-ovarian), an
unilateral tender indurated mass pushing the uterus to the
contralateral side (parametritis) or a bulging fluctuating
mass felt through the posterior fornix (pelvic abscess). Rectal
examination is useful to corroborate the pelvic findings.

Complications of Acute PID following Delivery
or Abortion

(1) Endotoxic shock. (2) Oliguria or anuria. (3)
Disseminated intravascular coagulopathy. These are
predominantly due to gram-negative organisms and are
too often associated with unsafe abortion. (4) Tubo-
ovarian abscess. (5) Peritonitis. (6) Parametritis. (7)
Thrombophlebitis—features usually appear 7-10 days
following the initial events. (8) Pulmonary embolism.

TREATMENT

Prevention: (1) To maintain asepsis and antiseptic
measures during labor. (2) To avoid traumatic and
difficult vaginal deliveries. (3) To use prophylactic
antibiotic when labor is delayed following rupture
of the membranes or when there are intrauterine
manipulations like forceps or manual removal of
placenta. (4) To encourage family planning acce-
ptance to prevent the unwanted pregnancies.

Curative

¢ Hospitalization: The patient may be admit-ted if
clinically indicated (p. 132).

¢ Triple swabs are to be taken—one from high
vagina, one from the endocervix and the third
from the urethra. These are to be sent for aerobic
and anaerobic culture, drug sensitivity test and
Gram stain. The swabs are to be taken prior to
bimanual examination.

¢ Vaginal and rectal examinations are then made to
note the extent of pelvic infection.

B Investigations

RouTINE: (a) Blood is sent for hemoglobin
estimation, total and differential count of white
cells, depending on severity of infection blood
culture and serum electrolytes are done. (b) Urine
analysis including culture.

Special investigations are to be done as requ-
ired: (a) Ultrasonography of abdomen and pelvis
to detect physometra or presence of any foreign
body left behind in the uterus or in the abdominal
cavity used for criminal interference.

Definitive treatment

¢ Antibiotics: Pending sensitivity report, potent
bactericidal drugs such as gentamicin 2 mg/kg
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body weight and clindamycin IV 600 mg daily with
IV metronidazole 500 mg are to be administered at
every 68 hours interval. If the temperature does
not subside by 48 hours, the antibiotic should be
changed according to microbiology and sensitivity
report.

Supportive therapy

¢ Blood transfusion for anemia.

¢ Treatment for endotoxic shock, renal failure or
disseminated intravascular coagulopathy need
intensive care management.

Indications of surgery in septic abortion are:

(1) Injury to the uterus. (2) Suspected injury to the
gut. (3) Presence of foreign body in the abdomen as
evidenced by the USG or felt through the fornix on
bimanual examination. (4) Unresponsive peritonitis
suggestive of collection of pus. (5) Patient’s clinical
condition not responding to the conservative treat-ment.

Active surgery includes:
¢ Evacuation of uterus
¢ Posterior colpotomy

¢ Laparotomy—in a suspected case of acute
appendicitis or ruptured tubo-ovarian abscess.

LATE SEQUELAE OF PID

¢ Infertility either due to cornual block, or damage
to the wall of the tube.

Chronic infection
Chronic pelvic pain, dysmenorrhea
Pelvic adhesive disease

Ectopic pregnancy

* & & o o

Residual infection with periodic acute exacerb-
ation.

Intestinal obstruction.
Chronic ill health.

Dyspareunia and marital disharmony.

PELVIC INFECTION FOLLOWING
GYNECOLOGICAL PROCEDURES

Infection of the residual pelvic organs or cellular
tissues is not uncommon following hysterectomy,

more in vaginal than abdominal one. It is more
common in infected or potentially infected cases than
in ‘elective’ non-infective cases.

Organisms: Escherichia coli and Bacteroides fragilis
are the predominant organisms.

Pathology: The vaginal cuff may be indurated due
to infected hematoma — cellulitis — abscess. The
infection may spread to produce pelvic cellulitis,
thrombophlebitis or tubo-ovarian mass.

Clinical features: Fever and lower abdominal or
pelvic pain of varying degrees appear few days (3—4)
following surgery.

Per vaginam: Discharge is offensive and the vaginal
vault is indurated and tender. Speculum examination
may reveal exposed vaginal cuff with purulent
discharge coming through the gaping vault. Rectal
examination reveals induration on the vault or its
extension to one side (parametritis). Rarely, a fluctuant
mass may be felt (pelvic abscess).

TREATMENT: Prophylactic

Preoperative cleaning of the vagina with antise-ptic
lotion, perfect hemostasis during surgery and leaving
behind the vault open in infected cases could reduce
the postoperative infection. Chemoprophylaxis
in potentially or actually infected cases using
intravenous metronidazole 500 mg 8 hourly for 3
such and intravenous ceftriaxone 1 g, given during
the operation and 1-2 doses after the operation is
quite effective to lower the risk of infection.

Definitive treatment: Appropriate antibiotic and
drainage of pus through the vault are enough to arrest the
infection. However, in parametritis and thrombophlebitis,
the response is poor. Adnexal abscess requires urgent
exploration and removal of the infected mass.

IUD AND PELVIC INFECTION

IUD is one of the iatrogenic causes of pelvic infection
in gynecology (see ch. 29). All types of IUDs are
responsible. The incidence ranges from 2—10 per
cent. The risk is, however, more in nulliparae. It
may flare up pre-existing pelvic infection. IUD tail
may be implicated in ascent of the organisms from the
vagina in infections long after insertion. The bacteria
may be carried from the cervix into the endometrium
during insertion. Actinomycosis has been found rarely
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in association with the use of copper devices. Risk of
PID is highest in the first month after insertion. Again
risk of PID is highest when the patient has multiple
sexual partners.

As a preventive measure, it is better not to insert
in nulliparae or in cases with previous history of
pelvic inflammatory disease. Insertion should be
carried out under strict aseptic condition. Once the
pelvic infection occurs, the device should be removed
in addition to antibiotic and supportive therapy.
Actinomycosis responds well with penicillin.

CHRONIC PELVICINFECTION

Chronic pelvic infection is a distressing clinical entity
not only to the patients but also to the physicians. It
results:

¢ Following acute pelvic infection—the initial
treatment was delayed or inadequate.

¢ Following low grade recurrent infection.
¢ Tubercular infection.

The first two types are predominantly due to
pyogenic organisms. There is often history of previ-
ous acute pelvic infection. Tubercular infection is
chronic from the beginning and is described as a
separate entity.

PYOGENIC
Pathology

The pathology in the uterus is most often spared
because of periodic shedding of the endometrium. The
tubal changes are secondary to the changes induced
by previous acute salpingitis. The tubal epithelium is
usually lost, specially in gonococcal infection; the wall
gets thickened with plasma cell infiltration and the
openings are blocked. These result in hydrosalpinx,
with loss of the lining mucosa with its plicae. The
peritoneal surface is involved in recurrent infection
producing either flimsy (gonococcal) or dense (non-
gonococcal pyogenic) adhesions. The tubes are thus
kinked and may get adherent to the ovaries, uterus,
intestine, omentum and pelvic peritoneum. A tubo-
ovarian mass or a frozen pelvis results. The serum
and lymphatic exudate in the parametrium of acute

infection coagulates, which later either completely
resolutes or becomes fibrotic. The fibrosis pulls the
uterus, the cervix in particular to the same side.

Clinical features

D The entity may remain asymptomatic.

D There may be previous history of acute pelvic
infection following childbirth or abortion.
Recurrent episodes of reinfection is often present.
The use of IUCD is highly corroborative.

Symptoms

¢ Chronic pelvic pain of varying magnitude and
the pain aggravates prior to menstruation due to
congestion.

¢ Dyspareunia, which is deep and may be located
unilaterally or bilaterally.

Congestive dysmenorrhea.
Lower abdominal pain.

Menorrhagia or polymenorrhagia are due to
congestion.

¢ Vaginal discharge is almost a constant manife-
station and may be mucoid or mucopurulent.

¢ Infertility, which may be primary or more
commonly secondary.

Important factors for infertility are—cornual block
(Fig. 37.69), loss of cilia, loss of peristalsis due to
thickening of the tubal wall, closure of the abdominal
ostium and distortion of the tube due to peritubal
adhesions.

On examination

Per abdomen: There may be tenderness 5
aqe . ey
on one or both iliac fossa. An irregular 5 9 §
tender pelvic mass may be felt. 2 %
X e
Per vaginam: The findings are as & wwwg

mentioned in page 130.

Rectal examination corroborates the findings of
vaginal examination and should not be omitted
(p. 108). The involvement of the parametrium and
uterosacral ligaments are better assessed rectally.
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Investigations

¢ Blood examination for evidences of leucocytosis,
Hb estimation and ESR. Urine examination—
routine and, if necessary, culture sensitivity.

Laparoscopy: This is helpful to confirm the diagnosis
and to know the extent of the lesion specially in cases
of infertility. However, in cases where too much
adhesions are anticipated, diagnostic laparotomy is
a safer substitute.

Management: ¢ General ¢ Specific ° Surgery

B General
D Improvement of general health and anemia.

D Analgesics as required, may be prescribed.
Pelvic heat application by short wave diath-
ermy is comforting to the patient.

m Specific
D The IUCD is to be removed, if it is still inside.

D Antibiotic therapy has got little benefit unless
there is recent acute exacerbation. The long-
term broad spectrum antibiotics to be admini-
stered include doxycycline or tetracycline or
cephalosporin for three weeks. In proved cases
of gonococcal infection, specific therapy is
directed as outlined in acute infection (p. 148).

B Surgery: Surgery may be needed either by

laparoscopy or by laparotomy in a few selected
cases.

Indications:

e Persistence of symptoms in spite of adequate
conservative treatment.

e Recurrence of acute attacks.

e Increase in size of the pelvic mass despite
treatment.

e Infertility for restorative tubal surgery or for
adhesiolysis.

Nature of surgery: Due consideration should be
given to age, parity and extent of the lesion.

Laparoscopic adhesiolysis, tubal restorative and
reconstructive surgery are commonly done. Few cases
may need salpingectomy or salpingo-oophore-ctomy.
In general, the ideal surgery should be total hyste-
rectomy with bilateral salpingo-oophorectomy for
women that they have completed their family.

GENITAL TUBERCULOSIS

INCIDENCE

The incidence of genital tuberculosis varies widely
with the social status of the patient and her environ-
ment. The incidence is about 1 per cent amongst
the gynecological patients attending the outpatient
department in the developing countries. Incidence is
high (5-10%) amongst the patients with infertility.
With the prevalence of HIV infection incidence of
genital tuberculosis is rising. About 10 per cent of
women with pelvic tuberculosis, have urinary tract
tuberculosis.

PATHOGENESIS

The causative organism is Mycobacterium tuber-
culosis of human type. Very rarely the bovine type
may affect the vulva. Genital tuberculosis is almost
always secondary to primary infection elsewhere
in the extragenital sites such as lungs (50%), lymph
nodes, urinary tract, bones and joints. The fallopian
tubes are invariably the primary sites of pelvic
tuberculosis from where secondary spread occurs to
other genital organs.

MODE OF SPREAD

Hematogenous: From any of the primary sites,
the pelvic organs are involved by hematogenous
spread in about 90 per cent cases. If the post-primary
hematogenous spread coincides with the growth spurt
of the pelvic vessels, the genital organs, the tubes in
particular, are likely to be affected. Thus, the pelvic
organs are infected during puberty. If the spread
precedes the growth phase, the genital organs are
spared. The infection remains dormant for a variable
period of time (4—6 years) until clinical manifestations
appear (Fig. 10.3).

Lymphatic or direct: The pelvic organs are involved
directly or by lymphatics from the infected organs
such as peritoneum, bowel or mesenteric nodes.

Ascending: Although difficult to prove but sexual
transmission from a male with urogenital tuberculosis
is possible in vulval, vaginal or cervical lesion.

PATHOLOGY OF PELVIC ORGANS

Fallopian tube: The commonest site of affection
is the fallopian tubes (100%). Both the tubes are
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Fig. 10.3: Mode of spread in tubercular infection
through blood-stream

Fig. 10.4: Miliary tuberculosis. Tubercles are seen over
the uterus and the tube. Note also the peritoneum and

intestines which are all studded with miliary tubercules.
[By courtesy Dr. H. Roy, Patnal

affected simultaneously. The initial site of infe-
ction is in the submucosal layer (interstitial salpin-
gitis) of the ampullary part of the tube.

The infection may spread medially along the wall
causing destruction of the muscles which are replaced
by fibrous tissue. The walls get thickened, become
calcified or even ossified. The thickening may at
time become segmented. The infection may spread
inwards; the mucosa gets swollen and destroyed.
The fimbria are everted and the abdominal ostium
usually remains patent. The elongated and distended
distal tube with the patent abdominal ostium gives
the appearance of “tobacco-pouch”. Occlusion of
the ostium may however occur due to adhesions.
The tubercles burst pouring the caseous material
inside the lumen producing tubercular pyosalpinx,
which may adhere to the ovaries and the surrounding
structures. Often the infection spreads outwards
producing perisalpingitis with exudation, causing
dense adhesions with the surrounding structures—
tubercular tubo-ovarian mass. Rarely, miliary
tubercles may be found on the serosal surface of the
tubes, uterus, peritoneum or intestines. These are often
associated with tubercular peritonitis (Fig. 10.4).

However, not infrequently the tubes may look
absolutely normal or nodular at places. If the nodules
happen to be present in the isthmus near the uterine
cornu, it constitutes salpingitis isthmica nodosa.

Salpingitis isthmica nodosa is the nodular thickening
of the tube due to proliferation of tubal epithelium
within the hypertrophied myosalpinx (muscle
layer). Exact aetiology is unknown. It is diagnosed
radiologically as a small diverticulum (Fig. 10.7). It is
however not specific to tubercular infection only (see
p- 172). It is also observed in pelvic endometriosis.

Uterus: The endometrium is involved in 60 per
cent of cases. The infection is from the tubes either
by lymphatics or by direct spread through conti-
nuity. Cornual ends are commonly affected due to
their dual blood supply, as well as their anatomical
proximity to tubes. The tubercle is situated in the
basal layer of the endometrium only to come to the
surface premenstrually. After the endometrium is
shed at each menstruation, reinfection occurs from
the lesions in the basal layer or from the tubes.
Endometrial ulceration may lead to adhesion or
synechiae formation (Asherman’s syndrome).
This may cause infertility, secondary amenorrhea
or recurrent abortion (p. 459). Rarely, the infection
spreads to the myometrium (2.5%) and if caseation
occurs, a pyometra results, specially in postmeno-
pausal women.

Cervix: The cervical affection is not so uncommon
(5-15%). Primary infection of the cervix by sexual
intercourse though rare, has been recorded. It may
be ulcerative or may be bright nodular in type. Both
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may bleed to touch, thereby causing confusion with
carcinoma. Histologically genital tuberculosis is
associated with marked epithelial hyperplasia with
some degree of atypia. This may lead to erroneous
diagnosis of carcinoma (Fig. 10.8).

Vulva and vagina: The affection of these sites is
very rare (1%). The lesion may be ulcerative with
undermined edges. Rarely the lesions may be of
hypertrophic variety. The diagnosis is made only by
histology.

Ovary: The ovaries are involved in about 30 per cent
of tubercular salpingitis. The manifestation may be
surface tubercles, adhesions, thickening of the capsule
or even caseating abscess in the substance of the ovary.

PELVIC PERITONEUM

Pelvic peritonitis is present in about 40-50 per
cent of cases. Tuberculous peritonitis may be ‘wet’
(exudative type) or ‘dry’ (adhesive type).

In the ‘wet’ variety there is ascites with straw
colored fluid in the peritoneal cavity. The parietal and

visceral peritoneum are covered with numerous small
tubercles (Fig. 10.4).

In the ‘dry’ variety there is dense adhesion with
bowel loops. The adhesion is due to fibrosis when the
‘wet’ variety heals.

Microscopic appearance of the lesion

Microscopic picture of the lesion is very chara-
cteristic irrespective of the organ involved. Typical
granuloma consists of infiltration of multinuclea-
ted giant cells (Langhans), chronic inflammatory
cells and epithelioid cells, surrounding a central
area of caseation necrosis (Fig. 10.5). Caseation may
not be a constant feature.

CLINICAL FEATURES

Patient profile: The infection is restricted mostly
(80%) to childbearing period (20—40 years). There
may be past history of tubercular affection of the
lungs or lymph glands. Genital tuberculosis occurs
in 10-20 per cent of patients who have pulmonary
tuberculosis in adolescence. A family history of
contact may be available. Onset is mostly insidious.
A flare up of the infection may occur acutely either
spontaneously or following diagnostic endometrial
curettage or hysterosalpingography.

Symptoms: Symptoms vary considerably with the
severity and stage of the disease. At one extreme,
there is neither any symptom nor any palpable pelvic
pathology. Sometimes symptoms like weakness, low
grade fever, anorexia, anemia or night sweats may be
present. The lesion is accidentally diagnosed during
investigation for infertility or dysfunctional uterine
bleeding. These cases are often designated as “silent
tuberculosis”. In others, the clinical manifestations
appear. These are:

Infertility: 1t may be primary or secondary and
is present in about 70-80 per cent cases of pelvic
tuberculosis. In India, about 10 per cent infertile
women have got genital tuberculosis. The causes are
predominantly due to tubal blockage, adhesions in the
endometrial cavity (uterine synechiae) or associated
ovulatory dysfunction.

Menstrual abnormality: In about 50 per cent, the
menstrual function is normal.

Fig. 10.5: A typical tubercular granuloma formed by
lymphocytes, epithelioid cells and Langhans giant cells.
Central area of caseation necrosis is seen
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The menstrual abnormalities include:

D Menorrhagia or irregular bleeding is probably
due to ovarian involvement, pelvic congestion
or endometrial proliferative lesion. It is the early
manifestation. These patients fail to respond
with hormone therapy. Endometrial tuberculosis
is a rare cause of puberty menorrhagia and
postmenopausal bleeding.

> Amenorrhea or oligomenorrhea: Secon-dary
amenorrhea is more common and may be the only
presenting symptom that makes the patient seek
medical advice. It may be due to suppression of
the ovarian function probably by tubercular toxin
(oophoritis). Else it may be result of endometrial
destruction and uterine synechiae formation. It
may be due to general debility also. As such, it is
a late manifestation.

Others: Chronic pelvic pain is present in about 20—30
percent cases. It is often associated with tuboovarian
mass and may be precipitated by tubal patency test.
Secondary infection may aggravate the chronic pain
to an acute one. Vaginal discharge—cervical or
vaginal tuberculosis may be associated with postcoital
bleeding or blood stained discharge. Constitutional
symptoms such as loss of weight, malaise, anorexia,
pyrexia and anaemia are present in the acute phase
of the disease.

SIGNS

Health status: The general health usually remains
unaffected. There may be constitutional symptoms
like weakness, low grade fever, anorexia, anemia
and night sweats. There may be evidences of active
or healed extra-genital tubercular lesion.

Per abdomen: Abdominal findings may be negative or
rarely one may find an irregular tender mass in lower
abdomen arising out of the pelvis. Abdomen may feel
doughy due to matted intestines. Evidences of free
peritoneal fluid are rare. Tubercular ascites when
encysted mimics an ovarian cyst.

Per vaginam: The pelvic findings may be negative
in 50 per cent cases. Vulval or vaginal ulcer presents
with undermined edges. There may be thickening of
the tubes which are felt through the lateral fornices
or nodules, felt through posterior fornix. At times,
there is bilateral pelvic mass of varying sizes quite

indistinguishable from that due to pyogenic infection.
Per rectum, one may confirm the vaginal findings.

INVESTIGATIONS

The aims of investigations are:
¢ To identify the primary lesion.
¢ To confirm the genital lesion.

Blood: The leucocyte count and ESR values may be
raised. Periodic examination is of value to evaluate
the progress of the lesion.

Mantoux test: Positive test with high dilution
is suggestive that the patient is sensitized to
tuberculoprotein. A negative test excludes tuber-
culosis.

Chest X-ray is taken for evidence of healed or active
pulmonary lesion.

Diagnostic uterine curettage: This is to be done
during the week preceding menstruation. The
tubercles are likely to come to the surface during this
period. The material should be sent to the labora-
tory in two portions.

a. One part in formol-saline for histopathological
examination to detect the giant cell system.
Histology could detect tuberculosis in about 10 per
cent of cases only. False-positive histology may be
due to the presence of chronic lesions (like talc or
catgut granuloma) or sarcoidosis. False-negative
result is due to improper timing of uterine curettage
or due to less incidence of uterine infection.

b. One part in normal saline for:
i. Culture in Lowenstein-Jensen media.

ii. Identification of the acid-fast bacilli by Ziehl-
Neelsen’s stain (AFB-Microscopy).

iii. Nucleic acid amplification.
iv. Guineapig inoculation.

A positive culture is suggestive while a positive
guineapig inoculation test is diagnostic. Bacte-
riological test, if positive, should be able to type the
bacilli and report on their drug sensitivity.

Nucleic acid amplification (16S ribosomal DNA)
techniques with Polymerase Chain Reaction (PCR),
can identify M. tuberculosis from endometrium or
menstrual blood (clinical specimens). PCR is more
sensitive (85-95%) than microscopy and bacterio-
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logical culture. This method can detect fewer than
10 organisms in clinical specimens compared to
10,000 necessary for smear positivity. Genital TB
is usually paucibacillary.

First day menstrual discharge: This is to be
collected by a pipette and the material subjected to
mycobacterial nucleic acid amplification, culture and
guineapig inoculation. It should be emphasized that
while a positive report on AFB-microscopy, PCR,
culture and histology gives the diagnosis, a negative
report does not rule out tuberculosis.

Sputum and urine are to be cultured for tubercle
bacillus.

Lymph node biopsy is to be done, specially from
the neck in lymphadenitis.

Biopsy from the lesion in cervix, vagina or vulva.
Hysterosalpingography (HSG): In a proved case,
HSG is contraindicated for the risk of reactivation
of the lesion. HSG done as a routine work up in the
investigation of infertility may reveal the following
suggestive features:

¢ Vascular or lymphatic extravasation of dye (Fig.
10.6).

Fig. 10.6: Hysterosalpingogram showing marked
extravasation of dye in venous and lymphatic
channels. It was proved to be a case of tubercular
endometritis [By courtesy Dr. H. Roy, Patnal)

¢ Rigid (lead-pipe) tubes with nodulations at places.

¢ ‘Tobacco pouch’ appearance with blocked fimbrial
end (Fig. 10.4).

¢ Beaded appearance of the tube with variable
filling density (Fig. 10.7).

Distal tube obstruction.

Coiling of the tubes or calcified shadow at places.
Bilateral cornual block (Fig. 37.69).

Tubal diverticula and/or fluffiness of tubal outline.

> & & o o

Uterine cavity—irregular outline, honeycomb
appearance or presence of uterine synechiae.

Imaging: Abdominal and pelvic ultrasound, CT or
MRI is helpful where a mass and/or ascites is present.
However, it cannot confirm the diagnosis.

Laparoscopy:In the absence of endometrial evidence,
one may take the advantage of laparoscope for
identification of tubercles in the pelvic organs or
characteristic segmented nodular appearance of the
tubes. Biopsy may be taken from peritoneal tubercles
for histology. Aspiration of fluid is done for culture.
This may be accidentally discovered during diagnostic
laparoscopy for infertility work up or for chronic
pelvic pain.

DIAGNOSIS

Considering the high prevalence of extragenital
tuberculosis, pulmonary in particular, the physicians
of the Third World Countries should look out for

Fig. 10.7: Hysterosalpingogram showing beaded appea-
rance of the tube with variable filling density. Pelvic
tuberculosis was later confirmed

(By courtesy: Dr P Panigrahi, Consultant Gynecologist, JLN
Hospital, Bhilai)
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the presence of genital tuberculosis. For this, the
following guidelines may be prescribed:

a. The physician should be conscious of the entity.

b. One should suspect and exclude genital tuber-
culosis in the following conditions:

¢ Unexplained infertility or amenorrhea.

¢ Recurrent episodes of pelvic infections, not
responding with usual course of antibiotics.

c. Presence of pelvic mass with nodules in the pouch
of Douglas.

Differential diagnosis: The pelvic mass is often
confused with: (i) Pyogenic tubo-ovarian mass. (ii)
Pelvic endometriosis. (iii) Adherent ovarian cyst. (iv)
Chronic disturbed ectopic pregnancy.

TREATMENT: | General | Chemotherapy

1 Surgery

General: In the presence of active pulmonary
tuberculosis, hospital admission is preferred.
Otherwise, pelvic tuberculosis per se need not require
hospitalization or bed rest except in acute exacer-

bation. To improve the body resistance, due attention
is to be paid as regards diet and to correct anemia.
Until the infection is controlled, the husband should
use condom during intercourse to prevent possibility
of contracting urogenital tuberculosis.

Chemotherapy: Antitubercular chemotherapy is the
treatment of first choice.

Initial phase: Four drugs are used for 2 months to reduce
the bacterial population and to prevent emergence of
drug-resistance. The drugs used are isoniazid, rifampicin,
pyrazinamide and ethambutol. Ethambutol is essential
to those who have been treated previously or are
immunocompromised (HIV positive individual).
Continuation phase: Treatment is continued for
a period of further 4 months with isoniazid and
rifampicin.

This standard regimen may be used during preg-
nancy and lactation (Table 10.7).

After about a year of treatment, diagnostic endo-
metrial curettage is to be done. If the histological
and/or bacteriological examination becomes posi-

TABLE 10.7 § ANTITUBERCULAR CHEMOTHERAPY FOR INITIAL TREATMENT

Drug Daily oral Nature Toxicity Comments
dosage (adult)
Isoniazid 5 mg/kg: Bactericidal Hepeatitis, Peripheral + Check liver function
max. 300 mg neuropathy + Combine pyridoxin 50 mg
daily
Rifampicin 10 mg/kg: max. | Bactericidal Hepatic dysfunction, orange |« Drug interaction (p. 487)
600 mg. discolouration of urine. » Oral contraceptives to be
Febrile reaction avoided (p. 487)
« Monitor Liver enzymes
(AST)
Pyrazinamide | 20-25 mg/kg: Bactericidal Hepatitis, + Active against intracellular
max. 2 gm Hyperuricemia, dividing forms of
Gl upset and Mpycobacterium.
Arthralgia « Monitor (AST)
Ethambutol 15-20 mg/kg: Bacteriostatic | Visual disturbances, » Ophthalmoscopic
max. 2.5 gm. Optic neuritis, examination prior to
Loss of visual acuity. therapy.

Intermittent dose schedule is also recommended. Treatment should be supervised by the DOTS provider.
Revised National TB Control Program (RNTCP) 1993 and Directly Observed Treatment by Short Course

Chemotherapy (DOTS).
¢ [soniazid: 15 mg/kg, 3 times a week for 6 months.
¢ Rifampicin:600 mg, 3 times a week for 6 months.

¢ Pyrazinamide: 30 mg/kg, 3 times a week for first 2 months only.
¢ Ethambutol: 30 mg/kg, 3 times a week for first 2 months only.
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tive, the treatment must be continued further. If
these are negative, the endometrium is examined at
interval of 6 months. A patient may be considered
cured, if at least two reports including histological
and bacteriological examination become negative.
Majority of the patients (90-95 %) respond well to
chemotherapy.

Multidrug resistant (MDR) tuberculosis is defined
as infection with M. fuberculosis that is resistant to
two or more agents including isoniazid. HIV negative
patients who are MDR have high mortality rate (80%).
Such patients are treated with five drug regimens
(CDC).

Surgery—Indications: (i) Unresponsiveness of
active disease in spite of adequate anti-tubercular
chemotherapy. (ii) Tubercular pyosalpinx, ovarian
abscess or pyometra (iii) Persistent menorrhagia and/
or chronic pelvic pain causing deteriorating health
status.

Contraindications: (i) Presence of active tuber-
culosis in extragenital site. (ii) Favorable response
to antimicrobial therapy with diminishing size of the
pelvic mass. (iii) Accidental discovery of tubercular
tubo-ovarian mass on laparotomy in young patient. The
abdomen is to be closed after taking tissue for biopsy.

Precautions: Antitubercular drug therapy in full
dosage should be instituted at least 6 weeks prior to
surgery and similar treatment should be continued
following surgery.

Type of surgery: The ideal surgery should be
total hysterectomy with bilateral salpingo-oopho-
rectomy. In young women at least one ovary, if found
apparently healthy, should be preserved. Isolated
excision of tubo-ovarian mass, drainage of pyometra
or repair of fistula may be done in selected cases.

Results of Treatment £ £
1<) o

In terms of future reproduction, 2| £
the prognosis is most unfavorable. g
WWW.

Pregnancy is rare (5-10 %), and if
occurs, chance of ectopic pregnancy is more (40 %). In
uterine pregnancy, abortion is likely and a pregnancy
going upto term is a rare event.

With the help of assisted reproductive technology
(ART) higher pregnancy rate is observed following
successful chemotherapy.

VULVAL TUBERCULOSIS

The patient complains of a painful and tender ulcer
in the vulva. Confirmation is done by biopsy. The
medical treatment is the same as that outlined in pelvic
tuberculosis. In unresponsive cases, local vulvectomy
is to be done.

CERVICAL TUBERCULOSIS

The presenting complaints are mucopurulent dis-
charge and postcoital bleeding. Cervical tuberculosis

0 M 30 0

Fig. 10.8: Bilateral tubo-ovarian mass (calcification on
the right) due to genital tuberculosis. TAH with BSO done
following antitubercular drug therapy

Fig. 10.9: Tubercular cervix proved by biopsy. The clinical
diagnosis was confused with malignancy. [By courtesy:
Dr. H. Roy, Patna])
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on speculum examination (Fig. 10.9) appears as an
ulcerated or hypertrophic growth which bleeds on
touch.

Cervical cytology: may reveal multinucleated giant
cells, epithelioid cells and dyskaryotic cells. Biopsy
confirms the diagnosis. Antitubercular drug therapy
as outlined in pelvic tuberculosis is prescribed
(Table 10.7). In unresponsive cases, hysterectomy
is justified.

Chronic PID: The term chronic pelvic inflam-matory
disease has largely been abandoned. The long-
term sequelae of acute PID such as adhesions or
hydrosalpinx are bacteriologically sterile.

True chronic PID such as genital tuberculosis
and actinomyecosis is less although the former is not
infrequent in the developing countries.

ACTINOMYCES INFECTION

It is a rare cause of upper genital tract infection.
Infection is caused by Actinomyces israelii, a gram-
positive anaerobe. It may be associated in [UCD
users more with noncopper devices. Actinomyces
causes chronic endometritis. There may be foul smel-
ling vaginal discharge. The diagnosis is usually
made from tubo-ovarian abscess when the classic
“Sulphergranules”are observed histologically
along with gram positive filaments. Presence of
symptoms like fever, abdominal pain, abnormal
uterine bleeding may necessitate the removal of
IUCD. It is sensitive to penicillin, doxycycline or
fluroquinolones. The treatment should be continued
for 12 weeks. Following the course of antibiotic
treatment, Pap smear is repeated after 3 months.

KEY POINTS

> The vaginal defence is lost following 10 days of birth till puberty, in reproductive period-during menstruation,
following abortion and childbirth and following menopause.

> Pelvic inflammatory disease according to anatomic location may be in the endometrium (endometritis), the
oviducts (salpingitis), the ovary (oophoritis), the myometrium (myometritis), uterine serosa and broad ligaments
(parametritis) and the peritoneum (pelvic peritonitis).

> The primary organisms of PID are predominantly sexually transmitted. Acute PID is polymicrobial in nature.
As the symptoms of PID are nonspecific, over treatment is preferred to missed diagnosis.

> Clinical diagnostic criteria for acute PID includes : Minimum and Additional (routine and definitive) criteria
(see p. 130).

Laparoscopy is the optimum method for accurately diagnosing acute PID.

> Gonococcal affection of the tubes is by direct spread from downstairs to upstairs across the mucosal surface of
the endometrium, reflux of the menstrual flow with gonococci into the tubes and carried along the spermatozoa
or the trichomonads. The pathological process is initiated primarily in the endosalpinx.

For detection of Gonococcus, the materials are collected from the urethra or Bartholin’s duct, cervical smear
and laparoscopic collection of pus from the uterine tube. Acute gonorrhoea is treated by drugs (Table 11.2 on
p-148) to both the partners.

In acute condition, the diagnosis is confused with acute appendicitis and disturbed ectopic pregnancy.

Immediate complications include pelvic peritonitis and septicemia and late complications include infertility,
chronic pelvic pain and chronic ill-health.

Repeat smears and cultures from the discharge are to be done following each menstrual period until it becomes
negative for 3 consecutive reports when the patient is declared cured.

Contd...
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Chlamydia trachomatis — a gram-negative obligatory intracellular bacteria, is now the commonest organism
proved to be sexually transmitted from the non-gonococcal urethritis in male consort. The clinical picture is
almost the same to that of gonococcal infection but is milder in nature. Perihepatic inflammation (Fitz-Hugh-
Curtis syndrome) is observed in 5-10 percent women with acute PID.

The late sequelae include tubal obstruction, infertility, early abortion and ectopic pregnancy.

Detection can be done by tissue culture. The specific antibody can be detected by immunofluorescent test or
complement fixation test. Chlamydial nucleic acid amplification and detection by PCR is a very sensitive and
specific test. The organism is sensitive to azithromycin, erythromycin or ofloxacin. The same treatment is to
be given to the sexual partner.

The commonest organisms producing acute infection following delivery and abortion are anaerobic Streptococcus,
Staphylococcus pyogenes, Esch. coli and Bacteroides groups.

The fallopian tube is affected either following parametritis through the lymphatics producing perisalpingitis
or through endosalpingitis. Tubal affection to cause infertility depends on the severity and number of episodes
of the disease.

Triple swabs are to be taken prior to bimanual examination; one from the high vagina, one from the endocervix
and the third from the urethra. These are to be sent for aerobic and anaerobic culture, gram stain and drug
sensitivity.

Clinical diagnostic criteria of PID (CDC-2006) include minimum and additional ones (p. 130). Diagnostic
laparoscopy is considered the gold standard (p. 130). Women may be given antibiotic therapy either as an
outpatient (Table 10.4) or as an inpatient (Table 10.6) depending on her evaluation (Table 10.5).

Few patients need surgical management (pelvic abscess, tubo-ovarian abscess) with laparotomy, posterior
colpotomy or laparoscopy.

TUD may produce pelvic infection (2-10 %). The chance is more in nullipara. The highest risk is in the first month
after insertion. Bacteria ascends along the nylon threads. Actinomycosis is often implicated.

Combined oral contraceptive use offers some protection against PID causing thick cervical mucus and decrease
in duration of menstrual flow. Contact tracing and treatment of sexual partner should be a routine for effective
treatment of PID.

The incidence of genital tuberculosis is about 1 per cent amongst the gynecological patient. The pelvic organs
are affected secondarily, the primary site is predominantly in lung. The spread is by hematogenous route.
Fallopian tube is almost always (100%) affected by interstitial salpingitis, endometrium in 60 per cent and
cervix in 15 per cent cases. Infertility is present in 70 per cent. About 10 per cent of the infertile couple have
got genital tuberculosis.

Although menorrhagia may be the early symptom but more commonly, the patient presents with oligomenorrhea
or amenorrhea. The diagnosis is confirmed by histological examination, culture in Lowenstein-Jensen media
and guineapig inoculation and identification of the bacteria by Ziehl-Neelsen’s stain from the uterine curettage
materials. PCR is more sensitive (p. 141).

The suggestive features of HSG are extravassation of dye, rigid tubes with nodulation at places and tobacco-
pouch appearance (p. 138). The result in terms of fertility following treatment (Table 10.7) is unsatisfactory.
Pregnancy is rare and if occurs, risk of ectopic pregnancy is more. In uterine pregnancy, abortion is likely and
a pregnancy upto term is a rarity.

Complications of PID may be — (a) immediate (pelvic peritonitis) or (b) Late (infertility, pelvic pain, dyspareunia,
ectopic pregnancy) (p. 132, 135).




Sexually Transmitted

Infections

INTRODUCTION

Sexually transmitted infections (STIs) include
those infections, which are predominantly transmitted
through sexual contact from an infected partner.
Although the transmission of the infections is mostly

due to sexual contact, other modes of transmission
include placental (HIV, syphilis), by blood transfusion

or infected needles (HIV, hepatitis B or syphilis), or
by inoculation into the infant’s mucosa when it passes
through the birth canal (gonococcal, chlamydial, or
herpes). Gynecological morbidities associated with

TABLE 11.1 § SEXUALLY TRANSMITTED INFECTIONS (STls)

Disease Agent Prevention of STIs and RTls
¢ Bacterial A Safe sex as STls are entirely
Gonorrhoea Neisseria gonorrheae preventable.
Non-gonococcal urethritis Chlamydia trachomatis (D-K serotypes)

Syphilis

Lymphogranuloma venereum
Chancroid

Granuloma inguinale
Non-specific vaginitis
Mycoplasma infection

Treponema pallidum

Chlamydia trachomatis (L serotypes)
Hemophilus ducreyi

Donovania granulomatis
Hemophilus vaginalis

Mycoplasma hominis

AIDS

Genital herpes
Condyloma acuminata
Molluscum contagiosum
Viral hepatitis

CIN

¢ Viral
Human immunodeficiency virus
(HIV1 or HIV2)
Herpes simplex virus (HSV 2)
Human papilloma virus (HPV)
HPV - 16, 18 or 31
Pox virus
Hepatitis B and C virus

Bacterial vaginosis (BV)
Trichomonas vaginitis

¢ Protozoal
Gardnerella vaginalis
Trichomonas vaginalis

Monilial vaginitis

¢ Fungal
Candida albicans

Scabies
Pediculosis pubis

¢ Ectoparasites
Sarcoptes scabiei
Crab louse (Phthirus pubis)

m Use of barrier contraception:

Condom, diaphragm,
spermicides.

m Reducing the number of sexual

partners — monogamous
relationship reduces the risk of
STls and RTls.

m Contact tracing and effective

treatment.

m Screening in asymptomatic or
symptomatic cases for STls and
RTls.

m Aseptic procedures
in delivery, MTP procedures and
IUCD insertion.
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sexually transmitted diseases (STIs) are high. Chronic
pelvic infection, pain, infertility, ectopic pregnancy,
vulval, and cervical neoplasia are the long-term
sequelae.

Transplacental infection (during pregnancy) to the
fetus results in high perinatal morbidity and mortality.
There is rising trend of STIs throughout the globe.
With the improvement of diagnostic methods and
increased interest on STIs, more and more diseases
are included mostly of viral origin (HIV, hepatitis B
and C, HPV).

The reasons for increasing incidence are:

e Rising prevalence of viral infections like HIV,
hepatitis B and C.

e Increased use of ‘Pill’ and IUCD which cannot
prevent STI and there is an increased promiscuity
and permissiveness.

e Lack of sex education and inadequate practice of
safer sex.

e Increased rate of overseas travel.
e Increased detection due to heightened awareness.

Important sexually transmitted diseases are
grouped in Table 11.1.

GONORRHEA

Gonorrhea still remains an important health problem.
The causative organism is Neisseria gonorrheae — a
Gram-negative diplococcus. The incubation period is
3-7 days.

The principal site of invasion is the columnar and
transitional epithelium of the genitourinary tract. As
such, the primary sites of infection are endocervix,
urethra, Skene’s gland, and Bartholin’s gland. The
organism may be localized in the lower genital tract
to produce urethritis, bartholinitis, or cervicitis. Other
sites of infection are oropharynx anorectal region, and
conjunctiva. As squamous epithelium is resistant to
gonococcal invasion, vaginitis in adult is not possible,
but vulvovaginitis is possible in childhood. In about 15
percent of untreated cervicitis, gonococcal infection
may ascend up to produce acute pelvic inflammatory
disease (PID). Rarely, it may produce septicemia with
distant involvement to cause tenosynovitis and septic

arthritis. Upper genital organs are involved as the
infection spreads along the spermatozoa. Gonococci
attach to the spermatozoa and are being carried up.
Endometritis and salpingitis are common (see p. 129).
It should be remembered that . gonorrhoeae
is often present with other sexually transmitted
diseases and women with gonorrhea are considered
to be at risk for incubating syphilis. One-third of
such cases are associated with chlamydial infection.

CLINICAL FEATURES IN ADULT

About 50 percent of patients with gonorrhea are
asymptomatic and even when the symptoms are
present, they are non-specific. The clinical features of
acute gonococcal infection are described as follows:
¢ Local.

¢ Distant or metastatic.

¢ PID (Chapter 10, p. 127).

Local

Symptoms

e Urinary symptoms such as dysuria (25%)

e Excessive irritant vaginal discharge (50%)

e Acute unilateral pain and swelling over the labia
due to involvement of Bartholin’s gland

e There may be rectal discomfort due to associated
proctitis from genital contamination

e Others: Pharyngeal infection, intermenstrual
bleeding.

Signs
e Labia may be swollen and look inflamed

e The vaginal discharge is mucopurulent

e The external urethral meatus and the openings
of the Bartholin’s ducts look congested. On
squeezing the urethra and giving pressure on
the Bartholin’s glands, purulent exudate escapes
out through the openings. Bartholin’s gland may
be palpably enlarged, tender with fluctuation,
suggestive of formation of abscess.

e Speculum examination reveals congested
ectocervix with increased mucopurulent cervical
secretions escaping out through the external os.
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Distant or Metastatic

There may be features of perihepatitis and septicemia.
Perihepatitis results from spread of infection to the
liver capsule. There is formation of adhesions with
the abdominal wall. This is not infrequently (5-10%)
associated with acute PID.

Septicemia is characterized by low grade fever,
polyarthralgia, tenosynovitis, septic arthritis,
perihepatitis, meningitis, endocarditis, and skin rash.
COMPLICATIONS — Acute pelvic inflammation
leads to chronic pelvic inflammatory disease, unless
adequately treated. Infertility, ectopic pregnancy (due
to tubal damage), dyspareunia, chronic pelvic pain,
tubo-ovarian mass, and Bartholin’s gland abscess are
commonly seen.

DIAGNOSIS

Nucleic acid amplication testing (NAAT) of urine or
endocervical discharge is done. First void morning
urine sample (preferred) or at least one hour since
the last void sample should be tested. NAAT is very
sensitive and specific (95%).

In the acute phase, secretions from the urethra,
Bartholin’s gland, and endocervix are collected for
Gram stain and culture.

A presumptive diagnosis is made following
detection of Gram-negative intracellular diplococci
on staining. Culture of the discharge in Thayer-
Martin medium further confirms the diagnosis. Drug
sensitivity test is also to be performed.

TREATMENT

Preventive

¢ Adequate therapy for gonococcal infection and
meticulous follow up are to be done till the patient
is declared cured.

¢+ To treat adequately the male sexual partner
simultaneously.

¢ To avoid multiple sex partners.

¢+ To use condom till both the sexual partners are
free from disease.

Curative: The specific treatment for gonorrhea is
single dose regimen of any one of the following
drugs (Table 11.2).

RECOMMENDED DRUGS IN ACUTE
TABLE 11.2
GONORRHEA (CDC 2006)

- Ceftriaxone — 125mg M
« Ciprofloxacin — 500 mg PO
« Ofloxacin — 400 mg PO
.« Cefixime — 400 mg PO
- Levofloxacin — 250 mg PO

Conjunctivitis of the newborn should be treated with a single
dose of ceftriaxone (20-30 mg/kg) IM and gentamicin eye
ointment (1%).

It should be borne in mind that the patient with
gonorrhea must be suspected of having syphilis
or chlamydial infection. As such, treatment should
cover all the three.

FOLLOW UP

Cultures should be made 7 days after the therapy.
Repeat cultures are made at monthly intervals
following menses for three months. If the reports are
persistently negative, the patient is declared cured.

SYPHILIS

Syphilis is caused by the anaerobic spirocheta
Treponema pallidum. Syphilitic lesion of the genital
tract is acquired by direct contact with another person
who has open primary or secondary syphilitic lesion.
Transmission occurs through the abraded skin or
mucosal surface.

CLINICAL FEATURES

The incubation period ranges between 9 and 90 days.

The primary lesion (chancre) may be single
or multiple and is usually located in the labia.
Fourchette, anus, cervix, and nipples are the other
sites of lesion. A small papule is formed, which is
quickly eroded to form an ulcer. The margins are
raised with smooth shiny floor. The ulcer is painless
without any surrounding inflammatory reaction. The
inguinal glands are enlarged, discrete, and painless.
The primary chancre heals spontaneously in 1-8
weeks leaving behind a scar.

The tubes are not affected and infertility does
not occur unless associated with gonococcal infection.



Chapter 11 < SEXUALLY TRANSMITTED INFECTIONS

149

Secondary syphilis—Within 6 weeks to 6 months
from the onset of primary chancre, the secondary
syphilis may be evidenced in the vulva in the form
of condyloma lata. These are coarse, flat-topped,
moist, necrotic lesions and teeming with treponemes.
Patient may present with systemic symptoms like
fever, headache, and sore throat. Maculopapular skin
rashes are seen on the palms and soles. Other features
include generalized lymphadenopathy, mucosal
ulcers, and alopecia.

The primary and secondary stage can last upto two
years and during this period, the woman is a source
of infection.

Latent syphilis — It is the quiescence phase after the
stage of secondary syphilis has resolved. It varies in
duration from 2 to 20 years.

Tertiary syphilis — About one-third of untreated
patients progress from late latent stage to tertiary
syphilis. It damages the central nervous, cardiovas-
cular, and musculoskeletal systems. Patient may
present with cranial nerve palsies (III, VI, VII, and
VIII), hemiplegia, tabes dorsalis, aortic aneurysm, and
gummas of skin and bones. The important pathology
is endarteritis and periarteritis of small and medium
sized vessels. Tertiary syphilis is characterized
by gumma. A gummatous ulcer is a deep punched
ulcer with rolled out margins. It is painless with a
moist leather base. Serpiginous outline may also be
produced.

The systemic manifestations of the secondary and
tertiary syphilis are better dealt with in Textbook of
Medicine.

Congenital syphilis—See author’s Textbook of
Obstetrics (Chapter 19).

DIAGNOSIS

1. History of exposure to an infected person.

2. Identification of the organism—7reponema
pallidum, an anaerobe.

A smear is taken from the exudate which is
obtained after teasing the primary chancre (base
and edge) with a swab dipped in normal saline.
It is examined under dark ground illumination
through a microscope. The treponemata appear as
motile bluish white cork-screw shaped organisms.

3. Serological tests:

(a) VDRL: This is the common flocculation test
performed and is positive after 6 weeks of
initial infection.

(b) The specific tests include Treponema
pallidum hemagglutination (TPHA) test,
Treponema pallidum enzyme immunoassay
(EIA), fluorescent treponemal antibody
absorption (FTA-abs) test and Treponema
pallidum immobilization (TPI) test.

e Fluorescent treponemal antibody absorption
test (FTA-abs). FTA-abs is expensive but a
confirmatory test. FTA-IgM is produced
only in active treponemal infection and it
declines after adequate treatment.

e EIA test for treponemal specific IgG or [gM
is now routinely used.

e VDRL and TPHA tests are used for
screening and FTA-abs test is used for
confirmation.

e Serological tests are invariably positive in
secondary syphilis.

(c) Currently immunoblotting and PCR tests are
evaluated as more sensitive and confirmatory
tests.

After successful treatment, non-specific tests
become negative, whereas specific tests remain
positive.

TREATMENT (CDC RECOMMENDATION - 2006)

Early syphilis (primary, secondary, and early
latent syphilis of less than 1 year duration)

Benzathine penicillin G 2.4 million units is given
intramuscularly in a single dose, half to each buttock.

In penicillin allergic cases, tetracycline 500 mg,
4 times a day or Doxycycline 100 mg BID PO for
14 days is effective.

Late syphilis: Benzathine penicillin G 2.4 million
units is given IM weekly for 3 weeks (7.2 million
units total). This should be in consultation with the
STI clinic.

Alternative regimen: Doxycycline 100 mg orally
twice daily or Tetracycline 500 mg orally 4 times a
day for 4 weeks.
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Follow up: Serological test is to be performed 1, 3,
6, and 12 months after treatment of early syphilis. In
late symptomatic cases, surveillance is for life; the
serological test is to be done annually. All women
with simultaneous syphilis and HIV infection may
have high rate of treatment failure.

CHLAMYDIAL INFECTIONS

The causative organism is Chlamydia trachomatis
(of D-K serotypes), an obligatory intracellular
Gram-negative bacteria. Its prevalence is more than
N. gonorrhoeae as a causative agent for STI or STD in
developed countries. Chlamydia has longer incubation
period (6-14 days) compared to gonorrhea (3—7 days).

The organisms affect the columnar and transitional
epithelium of the genitourinary tract. The lesion is
limited superficially. As there is no deeper penetration,
the pathological changes to produce symptoms may
not be apparent. The infection is mostly localized
in the urethra, Bartholin’s gland, and cervix. It can
ascend upwards like gonococcal infection to produce
acute PID. Too often (20—40%), it is associated with
gonococcal infection.

CLINICAL FEATURES are non-specific and asymp-
tomatic in most cases (75%). Dysuria, dyspareunia,
postcoital bleeding, and intermenstrual bleeding are
the presenting symptoms.

Findings include mucopurulent cervical discharge,
cervical edema, cervical ectopy, and cervical friability.

The clinical features of acute PID—has been
mentioned in chapter 10 (p. 129).

COMPLICATIONS: Urethritis and bartholinitis
are manifested by dysuria and purulent vaginal
discharge. Chlamydial cervicitis spreads upwards
to produce endometritis and salpingitis. Chlamydial
salpingitis is asymptomatic in majority of the cases.
It causes tubal scarring resulting in infertility and
ectopic pregnancy. It is the more common cause
of perihepatitis (Fitz-Hugh-Curtis syndrome) than
gonococcus. The spread to the liver from the pelvic
organs is via lymphatics and the peritoneal cavity.

DIAGNOSIS

In uncomplicated cases, the materials are to be
collected from the urethra and endocervical canals.

e Chlamydial nucleic acid amplification testing and
detection by polymerase chain reaction (PCR) is a
very sensitive and specific test (95%). First void
urine specimen is most effective and specific.

e Chlamydia antigen (lipopolysaccharide) can be
detected by ELISA technique. Samples are taken
from endocervix (endocervical swab). Sensitivity
and specificity of this test is less compared to
NAAT.

e Chlamydia can be demonstrated in tissue culture.
(McCoy cell monolayers). It is 100% specific. It
is expensive, technically difficult and takes 3—7
days to obtain result.

RECOMMENDED DRUGS FOR
TABLE 11.3
- CHLAMYDIAL INFECTIONS (CDC 2006)

¢ Azithromycin ~ — 1 g orally single dose or

¢ Doxycycline — 100 mg orally BID x 7 days or
¢ Ofloxacin — 200 mg orally BID x 7 days or
¢ Erythromycin  — 500 mg orally BID x 7 days.

The sexual partner should also be treated with the
same drug regimen.

Treatment failure with the above strict guidelines
are indicative of either lack of patient compliance or
reinfection.

CHANCROID (SOFT SORE)

The causative organism is a Gram-negative strepto-
bacillus—Hemophilus ducreyi. The incubation period
is very short 3—5 days or less.

The lesion starts as multiple vesicopustules over
the vulva, vagina or cervix. It then sloughs to form
shallow ulcers circumscribed by inflammatory zone.
The lesion is very tender with foul purulent and
hemorrhagic discharge. There may be cluster of ulcers.
Unilateral inguinal lymphadenitis may occur which
may suppurate to form abscess (buboes).

DIAGNOSIS: Syphilis must be ruled out first.
Demonstration of Ducreyi bacillus in specialized
culture media is confirmatory. Discharge from the
ulcers or pus from the lymph glands is taken for
culture. In the stained film (Gram stain) the orga-
nisms appear classically as ‘Shoal of fish’. It is diffi-
cult to grow this organism in culture method.
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TREATMENT (CDC RECOMMENDATION)

) Ceftriaxone 250 mg IM single dose is effective.
Sexual partner should also be treated.

> Azithromycin 1 gm by mouth single dose.

) Erythromycin 500 mg by month every 6 hours for
7 days can also be given.

Longer course of treatment is needed for patients
who are positive with HIV.

LYMPHOGRANULOMA
VENEREUM (LGV)

Lymphogranuloma venereum (LGV) is caused by one
of the aggressive L serotypes of Chlamydia tracho-
matis usually acquired sexually. It is an obligatory
intracellular and Gram-intermediate organism. The
incubation period is 3—30 days. It is more commonly
found in the sea ports of the Far East, Malaysia, Africa,
and South America.

Initial lesion is a painless papule, pustule or
ulcer in the vulva, urethra, rectum or the cervix. The
inguinal nodes are involved and feel rubbery. There
is acute lymphangitis and lymphadenitis. The glands
become necrosed and abscess (bubo) forms. Within
7—15 days, the bubo ruptures and results in multiple
draining sinuses and fistulas. The healing occurs
with intense fibrosis with lymphatic obstruction. The
secondary phase is noted by painful adenopathy. The
classical clinical sign of LGV is the “groove sign”, a
depression between the groups of inflamed nodes.
The lymphatic obstruction leads to vulval swelling
where as lymphatic extension to the vulva, vagina,
or rectum leads to ulceration, fibrosis, and stricture
of the vagina or rectum.

COMPLICATIONS include: (i) vulval elephantiasis,

(i1) perineal scarring and dyspareunia, (iii) rectal
stricture, and (iv) sinus and fistula formation.

DIAGNOSIS

(a) Culture and isolation (Lymph node aspiration): of
LGV (Chlamydia serotypes L, _ ) is confirmatory.

(b) Detection of LGV antigen in pus obtained from a
bubo with specific monoclonal antibodies using
immunofluorescence method.

(¢) Detection of LGV antigen by ELISA method.

123

(d) LGV complement fixation test—when positive
with rising titer (>1 : 64).

(e) Intradermal Frei test is non-specific and unreliable.

TREATMENT

Prevention—Use of condom or to avoid intercourse
with a suspected infected partner.

Definitive treatment—CDC recommends
Doxycycline 100 mg BID for at least 21 days.
Alternatively, azithromycin 1 g PO weekly for 3
weeks or erythromycin 500 mg orally every 6 hours
for 21 days is given (indicated for pregnant women).
Sexual partner should also be treated.

Surgical—(i) Abscess should be aspirated but not
be excised. (ii) Manual dilatation of the stricture
weekly. It is essential to use antibiotics during the
perioperative period.

GRANULOMA INGUINALE
(DONOVANOSIS)

This is a chronic progressive granulomatous diseases
of the vulva, vagina, or cervix. It is commonly found
in some tropics and subtropics like South China, South
India, Papua New Guinea, and South America. The
causative organism is a Gram-negative intracel-
lular bacillus—Calymmatobacterium granulomatis
(Donovania granulomatis).

CLINICAL FEATURES: The disease usually manifests
itself 10-80 days after coitus with an infected partner.
The lesion starts as pustules, which breakdown and
erode the adjacent tissues through continuity and
contiguity. The ulcer looks hypertrophic (beefy red)
due to indurated granulation tissue. The margins
are rolled and elevated. Biopsy may be needed to
exclude neoplasia. The lymph nodes do not undergo
suppuration and abscess formation (cf. Lympho-
granuloma venereum).

DIAGNOSIS is confirmed by demonstrating the
Donovan bodies within the mononuclear cells in
material (scrapings) from the ulcer when stained by
the Giemsa method. Donovan bodies are clusters of
dark-staining bacteria with a bipolar (safety pin)
appearance found within the mononuclear cells.

TREATMENT: Usually, it does respond well to a broad
spectrum antibiotic. However, CDC recommends
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Doxycycline 100 mg BID for at least 3 weeks.
Alternatively, ciprofloxacin 750 mg BID for at least
2 weeks is given. The residual destructive lesion inthe
vulva may require plastic surgery or vulvectomy.

BACTERIAL VAGINOSIS (BV)
(BACTERIAL VAGINITIS)

The causative organism was previously thought to
be Gardnerella vaginalis (Haemophilus vaginalis).
The present concept is that along with G vaginalis,
anaerobic organisms such as Bacteroides species,
Peptococcus species, mobiluncus, and Mycoplasma
hominis act synergistically to cause vaginal infection.
There is marked decrease in lactobacilli.

Clinically, it is characterized by creamy vaginal
discharge with fishy smell without extensive evidence
of inflammation.

CLINICAL FEATURES

Bacterial Vaginosis (BV) is characterized by
malodorous vaginal discharge. The term vaginosis
is preferred as there is no vaginal inflammation.
The discharge is homogeneous, greyish-white and
adherent to the vaginal wall. Clinical implications of
BV, in pregnancy are, preterm rupture of membranes,
preterm labor, and chorioamnionitis.

COMPLICATIONS: (i) Recurrent infection leading
to PID. (ii) Development of PID following abortion
or (iii) vaginal cuff cellulitis following hysterectomy
(iv) Pregnancy complications: second trimester
miscarriage, PROM, preterm birth, endometritis.

DIAGNOSIS

(A) Amsel’s four diagnostic criteria are: (1)
Homogeneous vaginal discharge. (2) Vaginal pH >
4.5 (litmus paper test). (3) Positive whiff tests (see
below). (4) Presence of clue cells (> 20% of cells).
(B) Gram stained vaginal smear (Hay/Ison):
Presence of more Gardnerella or mobiluncus
morphotypes with few or absent lactobacilli.

WHIFF TEST: Fishy (amine) odor when a drop
of discharge is mixed with 10 percent potassium
hydroxide solution.

Clue cells: A smear of vaginal discharge is prepared

with drops of normal saline on a glass slide and is
seen under a microscope. Vaginal epithelial cells are

seen covered with these coccobacilli and the cells
appear as stippled or granular. At times, the cells are
so heavily stippled that the cell borders are obscured.
These stippled epithelial cells are called “clue cells”
(Fig.11.1). Presence of clue cells (>20% of cells) are
diagnostic of BV.

Fig. 11.1: Clue cells

TREATMENT is highly effective with metronidazole
— 200 mg orally thrice daily for 7 days. Clinda-
mycin cream (2%) and metronidazole (0.75%) gel
are recommended for vaginal application daily for 5
days to prevent obstetric complications. The patient’s
sexual partner should be treated simultaneously. Cure
rate is 80%.

HERPES GENITALIS

The causative organism is herpes simplex virus (HSV)
type 1 and 2. It is usually transmitted sexually by an
infected partner but may possibly be transmitted by
orogenital contact. The incubation period is 2—14 days.

CLINICAL FEATURES: Symptoms of the first
attack usually appear less than 7 days after sexual
contact. Initially, red painful inflammatory area
appears commonly on the clitoris, labia, vestibule,
vagina, perineum ,and cervix. Multiple vesicles
appear which progress into multiple shallow ulcers
and ultimately heal up spontaneously by crusting. It
takes about 3 weeks to complete the process. Inguinal
lymphadenopathy occurs. Constitutional symptoms
include fever, malaise, and headache. There may be
vulvar burning, pruritus, dysuria, or retention of urine.

First episodes are severe compared to the recurrent
disease. Frequency of recurrent infection is high with
HSV-2.
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DIAGNOSIS
(a) Virus tissue culture and isolation — confirmatory.

(b) Detection of virus antigen by ELISA or immuno-
fluorescent method.

(c) PCR test to identify the HSV DNA is the rapid,
specific, and most accurate test.

RISKS

(a) Physical and psychological trauma may precipitate
recurrence.

(b) Adverse effects in primary infection during
pregnancy.
* Increased risks of miscarriage and pre-term
labor.

» Transfer of infection from mother to neonates
during vaginal delivery, if primary (50%) or
recurrent (5%).

* Baby may suffer from damage to central
nervous system. Primary genital herpes is not
an indication for MTP (TOP). Anomaly scan
should be done at 20 weeks gestation.

* Delivery by cesarean section is indicated
with primary genital herpes infection at the
time of delivery.

CAUTIONS

¢ Recurrent episodes are self limiting and cause minor
symptoms. Antiviral treatment is rarely needed.

¢ Daily suppressive therapy is given with vala-
cyclovir-500 mg daily, at least for an year, when
recurrences are >9 episodes per year.

TREATMENT (CDC RECOMMENDED
REGIMENS)

The specific treatment is yet to be explored. Rest and
analgesics are helpful. Acyclovir which inhibits the
intracellular synthesis of DNA by the virus, has
been found to be effective in acute attacks. It is
better to be given orally in doses of 200 mg 5 times
a day for 5 days. Acyclovir is effective in reducing
the symptoms, duration of viral shedding, and helps
in rapid healing. Its prophylactic use can reduce the
episodes of recurrence. Valaciclovir 500 mg BID for
5 days or Famciclovir 250 mg orally thrice daily for
5 days can be used alternatively. Saline bath may
relieve local pain.

HUMAN IMMUNODEFICIENCY VIRUS
(HIV) INFECTION AND ACQUIRED
IMMUNODEFICIENCY SYNDROME (AIDS)

THE VIRUS

The causative agents are human immunodeficiency
viruses (HIV) of strains HIV 1 and HIV 2. HIV
belongs to retrovirus (double stranded RNA)
family. Retroviruses possess the enzyme reverse
transcriptase which allows viral RNA to be
transcribed into DNA. The viral DNA when gets
incorporated into the host cell genome, chronic
infection begins.The basic structure of this
icosahedral HIV (RNA-retrovirus) consists of a
core protein (P-24) with glycoprotein (GP 120;
GP41) envelope. Of the various core antigens,
P-24 is most widely used for investigation study.
Antibodies to envelope proteins (GP 120) have got
some protective role. The virus is destroyed by
heating at 56°C for 30 minutes or by disinfectants
with glutaraldehyde.

INCIDENCE: The incidence is difficult to work
out but the fact remains that the disease is
spreading alarmingly fast both in the developed
and developing countries and now has become a
global problem.

In South and South East Asia, an estimated 4
million people (more than 50% of them are women
and children) were with HIV. In most Asian countries,
infection rates are less than 0.5 percent.

Predominent route of infection worldwide is
heterosexual contact and vertical transmission.

MODE OF TRANSMISSION

¢ Sexual intercourse — Women are affected more
than the men because in female, larger mucosal
surface is exposed and semen contains high viral
load. Transmission of virus from male to female
is high. Transmission is both by heterosexual and
homosexual contact.

¢+ Intravenous drug abusers.

¢ Transfusion of contaminated blood or blood
products.

¢ Use of contaminated needles, needlestick
injuries.
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¢ Breastfeeding—Infected mothers may infect their
children during breastfeeding through breast milk
(10-20%). More so in presence of ulcers (cracked
nipples).

However, many health promoting benefits of
breastfeeding may outweigh the risk of HIV trans-
mission particularly in the developing world. For the
other high risk factors for AIDS (see Table 11.4).

¢ Perinatal transmission—The vertical transmi-
ssion to the neonates of the infected mothers is
about 25-35%. The baby may be affected in utero
(30%) through transplacental transfer, during
delivery (70-75%) by contaminated secretions
and blood of the birth canal.

TABLE 11.4 j RISKFACTORS FOR AIDS

¢ Multiple sex partners

¢ Prostitutes

¢ Homosexual males

¢ Intravenous drug abuser (IVDA)

¢ Multiple transfusions of blood or blood products
¢ Sexually transmitted disease

¢ Mother to infant

IMMUNOPATHOGENESIS

The target for HIV is the CD 4 receptor molecule.
Cells within the immune system that have this
molecule are : CD 4+ T lymphocytes (predominantly
affected), monocytes, macrophages and other antigen
presenting cells like fibroblasts, neurons, renal,
hepatic, and intestinal cells.

Following infection, there is profound cellular
immunodeficiency as the CD 4+ are progressively
depleted by cytopathic effects of HIV.

Primary infection _ 36, Acute syndrome —1Weko
weeks 3 months

1-2
weeks

Clinical latency
(7-10 years).

Immune response to HIV

Immunological markers that are used to deter-
mine the progression of the disease are:

e (CD4 Tlymphocyte count—patients with count
from 200-500 cells/mm? are more likely to have

HIV related symptoms and count < 200 cells/mm?
is taken into AIDS defining criteria.

e Measurement of HIV RNA levels by RT-PCR
and the b DNA assays. Effectiveness of therapy
is evaluated by monitoring of HIV RNA every
3—4 months.

e Raised P-24 (core) antigen titer—reflects the
viral load.

e Raised serum B, microglobulin—reflects the
immune response.

CLINICAL PRESENTATION

Following exposure to HIV infection, a patient
develops antibodies against HIV in about 8—12 weeks.
The development of antibodies marks the stage of
seroconversion and in some cases manifest clinically
as a ‘flu’ like syndrome.

Acute infection syndrome is characterized by
fever, skin rash, arthralgia, lymphadenopathy and
diarrhea. This is called seroconversion illness. It lasts
less than 2—3 weeks and resolves spontaneously.

After the initial exposure, the person remains
asymptomatic for many years. The median time to
develop AIDS is approximately 7-10 years. During
this period, the patient shows progressive immune
depletion. With increasing immunodeficiency, the
person becomes susceptible to secondary infection
by opportunistic organisms. Some individuals may
just have persistent generalized lymphadenopathy
during this period.

AIDS-related complex (ARC) refers to subjects
having non-specific clinical features of weight loss,
fever, diarrhea, skin rash, lymphadenopathy, herpes
simplex, oral or recurrent genital candidiasis, oral
or genital ulcers, PID, tubo-ovarian abscess, and
thrombocytopenia without full blown pictures of AIDS.

Any HIV infected individual with a CD4+ T
cell count of < 200/uL, has AIDS by definition
regardless of the presence of symptoms or oppor-
tunistic diseases.

HIV related other diseases:

B Common secondary infections are: atypical
tuberculosis, pneumonia (Pneumocystis carinii
pneumonia), systemic candidiasis, and meningitis.
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B Encephalitis, myelopathy and polyneuropathy are
neurological manifestations.

B There is an increased incidence of high-grade
lymphoid neoplasms, Kaposi sarcoma and non-
Hodgkin’s lymphoma.

B Viral infections with herpes simplex, human
papilloma virus (HPV) and cytomegalovirus
(CMV) are common.

Gynecological symptomatology

® Infection of the genital tract is high due to
progressive immunodeficient state

¢ Vaginitis due to recurrent candidiasis. There
may be oral, esophogeal candidiasis also.

¢ Pelvic Inflammatory Diseases—with other
STIs (gonorrhea, chlamydia, syphilis) are
more likely (p. 147, 148 & 150).

B Neoplasms of the genital tract are increased

¢ Increased incidence of CIN and carcinoma of
the cervix. Colposcopy and cervical cytology
screening should be routinely done.

¢ Increased incidence of vulval intraepithelial
neoplasia (VIN).
B Increased morbidity following gynecological
surgery

¢ Increased risk of wound infection and chest
infection, an intensive antibiotic therapy is
needed.

B  Menstrual abnormality: Menorrhagia, ameno-
rrhea, or abnormal uterine bleeding may be due
to associated weight loss, thrombocytopenia or
opportunistic infections or neoplasms.

m  Fertility is not generally affected.

® Pregnancy does not worsen the disease neither
the disease affect pregnancy adversely.

Diagnosis

The effect on cellular immunity is manifested by
decrease in CD4 cells. An absolute CD 4 cell count
below 200/mm? is considered as cut off point when
there is risk of opportunistic infections.

The organism can be isolated from the blood,
semen, vaginal secretions, breast milk, or saliva (body
fluids) of the infected persons.

Diagnostic tests for HIV:

¢ Detection of IgG antibody to Gp 120 (envelope
glycoprotein component) is most commonly used.
Antibody production may take upto 3 months
(window period) since the time of infection. These
antibodies are not protective.

¢ Viral P-24 antigen can be detected very soon after
the infection and it usually disappears by 8§-10
weeks time.

¢+ ELISA (enzyme linked immunosorbent assay)
is extremely sensitive (99.5%) but less specific.
It is easy, cheap, and less time consuming (2—5
hours). As such, it can be employed as a screening
procedure extended to ‘at risk’ persons.

¢ Western blot or immunoblot—It is highly
specific but complicated and time consuming (1-2
days). It is expensive too.

¢ HIV RNA by PCR is the gold standard for
diagnosis of HIV. Viral DNA is amplified
following isolation of the virus from peripheral
mononuclear cells. PCR amplification of cDNA
generated from viral RNA is reliable upto 40
copies/mL of HIV RNA.

Causes of Death

¢  Widespread infection as it cannot be controlled
effectively.

¢ Profound immunodeficiency leads to opportu-
nistic infections and poor response to therapy.

¢ Development of unusual malignant lesions
(lymphoma and Kaposi’s sarcoma).

TREATMENT : m Preventive  ® Definitive

Preventive measures include:

e ‘Safer sex’ practice with health education. Barrier
methods (Condoms and Spermicides) are effective
to reduce transmission (80%).

e LNG-IUS with condoms give excellent benefit.

e Male circumcision reduces transmission by 50%.

e Use of blunt tipped needles to avoid needle stick
injury during surgery.

e HIV negative blood transfusion (screening of
donors).

e HIV negative frozen semen to use for artificial
donor insemination.
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e Postexposure prophylaxis with zidovudine and
lamivudine is advisable (given below).

e Termination of pregnancy in HIV positive
women when requested.

e Avoiding breastfeeding—in the developing
world, avoidance of breastfeeding may not be
possible. Mother needs to be counseled as regard
the risks and benefits of breastfeeding. She is
helped to make an informed choice.

e Infertility — Serodiscordant couples (female
HIV negative) may have assisted conception with
insemination following sperm washing.

¢ To maintain protocols for correct handling of all
body fluids (given below).

e Wide spread voluntary counseling and testing
(VCT).

Definitive

HIV treatment protocols change frequently.

Antiretroviral therapy: Antiretroviral drugs are
grouped into—(A) Nucleoside Reverse Transcriptase
Inhibitors (NRTIs): Zidovudine, Zalcitabine,
Lamivudine, Stavudine. (B) Non-Nucleoside Reverse
Transcriptase Inhibitors (NNRTIs) : Delavirdine,
Nevirapine, Efavirenz. (C) Protease Inhibitors (PI):
Indinavir, Saquinavir, Ritonavir. (D) Fusion inhibitor:
Enfuvirtide. (E) Integrase inhibitor : Raltegravir. The
combinations of these drugs are effective in increasing
CD4 counts and reducing viral load. Monotherapy is
not preferred as it hastens drug resistance. Combination
therapy is known by the acronym HAART (Highly
Active Antiretroviral Therapy).

Drug combinations: Uptodate treatment reco-
mmendations are available at : www.cdcnpin.org.

D Two from Gr A (NRTIs) plus one from Gr B or 2
from Gr A (NRTIs) plus one from Gr C (PI).

Plasma HIV RNA levels indicate the degree of
viral replication and CD4+ T cell count indicate
level of immune competence.

Important side effects of drugs are: lactic
acidosis, anemia, granulocytopenia, pancreatitis,
peripheral neuropathy, hepatic dysfunction, and
carbohydrate intolerance.

When to start therapy:

e Acute HIV infection syndrome.

e Symptomatic HIV infection.

e Asymptomatic but CD 4 cell
count < 350 cells/mm?® or with
viral load—HIV RNA > 50,000 @5
copies/mL.

e Post-exposure prophylaxis (given below).

e Patients with CD4 count <200/mm?* should
also receive trimethoprim and sulfamethoxazole
combination (P. carinii prophylaxis).

e Opportunistic infections (mycobacterium) should
be treated simultaneously with specific drugs
when CD4+ T cells < 50/mm?.

With effective treatment viral load should reach
‘undetectable’ levels (< 50 copies/mL) and CD4 count
should rise.

Efavirenz is the first line therapy in all patients
unless she is planning to conceive and has primary
NRTTI or NNRTI resistance.

When to change therapy: (i) Failure to reduce viral

load. (ii) Persistently declining CD4+ T cell count.

(ii1) Clinical deterioration. (iv) In presence of side

effects due to drugs.

¢ Post-exposure prophylaxis: A combination of

two NRTIs is given for 4 weeks. Prophylactic use of

zidovudine (300 mg BID) and lamivudine (150 mg

BID) for a period of 4 weeks immediately following

an exposure may reduce the risk of seroconversion

(CDC-2001).

More Info.

dedutta.com

Precautions to prevent occupational
transmission of HIV (Universal Blood
and Body Fluid Precautions)

4 All blood and body fluids should be considered
potentially infectious for HIV.

4 Non-surgical management whenever possible.

4 Barrier precautions: Use of cap, mask, gown,
double gloves, eye wear (goggles), and boots.

¢ Use of blunt tipped needles (risk of HIV infection
following needle stick injury is 0.3%).

4 Washing of any body fluid contamination off
the skin immediately.

4 Use of disposable syringes, needles and
anesthetic circuits.

¢ Resuscitation bags or mouthpieces should be
available for emergency resuscitation.

4 Thorough theater disinfection after the
operation.
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GENITAL WARTS
(CONDYLOMA ACUMINATA)

Condylomata are papillary lesions caused by Human
Papilloma Virus (HPV) usually type 6 and 11
(see p. 323). These are usually multiple and can be
contaminated from other parts of the body. They
can be transmitted sexually. Associated vaginal
discharge favors their growth and so does pregnancy.
Typically, they grow in clusters along a narrow stalk
giving it a cauliflower appearance but at times the stalk
may be broad and thick (Fig. 11.2). The condylomata
may at times, spread to the vagina or even the cervix.
Anatomic distribution of anogenital HPV infection
is: Cervix 70%, Vulva 25%, Vagina 10% and
Anus 20%. The lesion should be differentiated from
syphilitic condylomata or vulval carcinoma. Very rarely,
it becomes malignant. Conditions known to predispose
women to infection with HPV are: Immunosuppression,
diabetes, pregnancy, and local trauma.

There may be an association between HPV
infection and malignant epithelial transformation
of the cervix, vagina and vulva. It is usually asso-
ciated with HPV types 16, 18, 45, 56 (see p. 323).

TREATMENT: HPV vaccine (Types 6 and 11) can
prevent 90% of condyloma. Most low risk and two

Fig. 11.2. Giant condyloma acuminata of vulva

thirds of high risk HPV infections are spontaneously
eradicated over a 24 months period.

Different treatment modalities used are: Cryo-
therapy, electrocautery, laser therapy, surgical excision
or topical use of 5-fluorouracil, trichloro-acetic acid
or intralesional interferon.

MOLLUSCUM CONTAGIOSUM

Molluscum contagiosum is caused by a pox virus
transmitted by body contact or towels or clothing. It
is commonly seen in immunodeficient subject or with
HIV infections. They vary in size upto 1 cm, dome-
shaped, pearly-white in color and often umbilicated.
They are usually multiple and can occur anywhere in
the skin and genitalia. Microscopic appearance reveals
numerous inclusion bodies (molluscum bodies) in the
cytoplasm of the cells with Giemsa stain.

Treatment: Evacuation of caseous material from
the nodule under local anesthetic is done. The floor
of the nodule is then treated chemically with ferric
subsulphate or trichloroacetic acid (85%) solution.

Cryotherapy with liquid nitrogen is applied until
a halo of ice is formed around the lesion. Repeat
application may be necessary.

PEDICULOSIS PUBIS

The infective agent is a crab louse (Phthirus pubis)
which affects the coarse hair of the pubis. The
louse alongwith its eggs are attached to the hair. It
is transmitted by sexual contact or infected clothes
encouraged by inadequate hygiene. It produces intense
pruritis — scratching — secondary infection —
suppuration.

TREATMENT

Permethrin cream (1%) is applied over the affected
area and washed off after 10 minutes. Lindane 1% is
used as a shampoo.

Treatment may also be done by application of
1 percent gamma-benzene hexachloride or malathion
(0.5%) cream. After rubbing the preparation, the area
should not be washed for 12 hours. The application
may be repeated after 4 days, if necessary. It is
mandatory to treat the contact and sterilize the
clothings by boiling.
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SCABIES solution is applied to all areas of the body below the

neck and washed off after 8-14 hours.
This is caused by Sarcoptes scabiei. It produces

intense itching and often excoriation of skin. It is often
associated with poor local hygiene.

The treatment is also done by local application of
25 percent benzyl benzoate emulsion for the entire
body below the neck. Single application is often
enough. The clothings should be boiled. The family
members are also to be treated simultaneously to
Permethrin cream 5% or malathion 0.5% aguan prevent reinfection.

KEY POINTS

> Sexually transmitted infections (STIs) includes those diseases which are predominantly transmitted through
sexual contact from an infected partner. A patient with a STI is likely to have another one. Chlamydia trachomatis
is now on the top in the list of the organisms causing STIs, the other common diseases are bacterial vaginosis,
gonorrhea, syphilis, and trichomonas vaginitis.

TREATMENT

> Neisseria gonorrhoeae commonly invades the columnar and transitional epithelium of the genitourinary tract
(endocervix, urethra, Bartholin’s gland). Infertility, ectopic pregnancy, and chronic pelvic pain are the long-term
complications (p. 148). Investigations should include for other STIs also.

> Herpes genitalis is caused by herpes simplex virus (HSV) type 1 and 2. Acyclovir orally in doses of 200 mg 5
times a day for 7 days is effective in reducing the constitutional symptoms, duration of viral shedding, and
helps rapid healing.

> Syphilis is caused by Treponema pallidum. The hard chancre of primary syphilis is painless with an indurated
base. VDRL and TPHA tests are used for screening and FTA-abs is used for confirmation. Treatment according
to CDC recommendation includes Benzathine-penicillin IM (see p. 149).

> Chancroid (soft sore) is caused by a Gram-negative Haemophilus ducreyi and is always painful. Unilateral
inguinal lymphadenitis may occur which may suppurate to form abscess. Demonstration of Ducreyi bacillus
from the discharge of the ulcer or aspirated pus from the lymph gland is confirmatory. Ceftriaxone 250 mg IM
single dose is effective.

> Granuloma inguinale is caused by Gram-negative Donovania granulomatis. There is localized ulcer formation
without lymph node suppuration and abscess formation. Diagnosis is confirmed by demonstrating Dornovan
bodies within the mononuclear cells (p. 151). Doxycycline, 100 mg BID for at least 3 weeks is effective.

> Lymphogranuloma venerum is caused by Lserotype Chlamydia trachomatis. The inguinal glands are involved
early, become necrosed and abscess forms. Healing occurs with intense fibrosis and lymphatic obstruction (p.
151). Doxycycline100 mg BID for atleast 21 days is effective.

> AIDS s caused by human immunodeficiency virus (HIV). The methods of transmission are by sexual intercourse,
transfusion of contaminated blood or blood products, use of contaminated needles, and vertical transmission
to the baby (25-35%) during pregnancy and childbirth. Male condom is protective. It suppresses the immune
system (depletion of CD 4+ T lymphocytes) so that the opportunistic organisms flare up.

Plasma HIV-RNA levels indicate the degree of viral replication and CD 4+ T cell count indicate level of immune
competence (p. 156). Viral DNA amplification and detection by PCR is gold standard (p. 156). Any HIV infected
individual with CD4 + T cell count < 200/uL has AIDS.

HIV related other diseases are: recurrent vaginal candidiasis, PID, CIN, VIN, atypical tuberculosis, and others
as observed in an immunocompromised patient. Preventive measures (see p. 155, 156) and infection control
during surgery (see p. 156) must be rigorous.

Contd...
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Contd...

HAART inhibits reverse transcriptase and slows down the progress of the disease. For HIV treatment protocols
(see p. 156). HAART increases CD4 count and reduces viral load. Monotherapy hastens development of drug
resistance.

Barrier method of contraception (condom) is effective to reduce the risk of HIV transmission and to prevent
unwanted pregnancy. In addition, another contraceptive may be used to increase the contraceptive efficiency.
LNG-IUS with condoms give excellent benefit.

High risk factors for AIDS (Table 11.4) and preventive measures (p. 155, 156) must be considered in controlling
AIDS.

Condyloma accuminata is viral (HPV) in origin. HPV vaccine can prevent 90% of condyloma (p. 157).
Molluscum contagiosum is caused by pox virus. It is commonly seen with immunodeficient subjects (p. 157).

Bacterial vaginosis is caused by Gardnerella vaginalis. The vaginal discharge is homogeneous, adherent to
vaginal wall with pH >4.7 and has an fishy odor when mixed with KOH solution (Whiff test). Presence of
clue cells (stippled epithelial cells) on the wet smear of vaginal discharge is diagnostic. Oral metronidazole is
highly effective.




Infections of the

Individual Pelvic Organs

VULVAL INFECTION

The vulval and perineal skin is usually resistant to
common infection. But the defence is lost following
constant irritation by the vaginal discharge or urine
(urinary incontinence). Furthermore, there may be
atrophy or degenerative changes either in disease
or following menopause when the infection is more
likely. The vulval infection can thus occur de novo or
may be affected secondarily, the primary site may be
elsewhere in the adjacent structures. In this section,
only the lesions affecting primarily the vulva will
be discussed.

It is indeed difficult to classify the vulval infection
but the following etiological classification is of help.
L. Due to specific infection.
II. Due to sensitive reaction.
III. Due to vaginal discharge or urinary conta-
mination.

I. VULVITIS DUE TO SPECIFIC INFECTION

Bacterial

¢ Pyogenic (non-gonococcal)
¢ Sexually transmitted diseases (p. 146)
- Gonorrhea (p. 147)
—  Syphilis (p. 148)
- Chancroid (p. 150)
- Lymphogranuloma venereum (p. 151)
— Granuloma inguinale (p. 151)
¢ Tubercular (p. 137)

Viral

D Condylomata accuminata (p. 157)

D Herpes genitalis (p. 152)
» Molluscum contagiosum (p. 157)

D Herpes zoster (p. 161)

Fungal
¢ Moniliasis (p. 164)
¢ Ringworm (p. 161)

Parasitic

= Pediculosis pubis (p. 157)
= Scabies (p. 158)

= Threadworm (p. 161).

PYOGENIC INFECTION (NON-GONOCOCCAL)

Vulval cellulitis: The causative organism is
predominantly Staphylococcus aureus. The vulva
is swollen, red, and tender. There may be profuse
exudation. The inflammation is limited, in majority,
upto the labiocrural fold.

The patient complains of intense pain, itching and
problem in micturition. There may be excoriation of
the skin due to scratching and laceration.

Treatment is effective by systemic antibiotics, local
hot compress and analgesics.
Furunculosis: The infection affects the hair follicles
of the mons and labia majora — folliculitis —
furunculitis. The offending organism is Staphylo-
coccus aureus. If it is recurrent, glycosuria should be
excluded. Treatment is effective with systemic and
local antibiotics and local cleanliness.
Infection of sebaceous and apocrine glands:
Infection of an apocrine or sebaceous gland looks and
presents the features of a boil. If it recurs, excision is
to be done in the quiescent state.
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Impetigo: Impetigo is a pustular infection caused
by Staphylococcus aureus or Streptococcus. It may
be localized to vulva or spread to other parts of the
body, face, or hands.

Blebs should be incised or the crusts be removed
aseptically. Systemic and local antibiotics are to be
prescribed.

Erysipelas: This rare spreading cellulitis is caused by
invasion of the superficial lymphatics by 3-haemolytic
Streptococcus. There may be systemic constitutional
symptoms. It responds well to systemic broad
spectrum antibiotics.

Intertrigo: Intertrigo is due to irritation and infection
of retained secretions in the skinfolds usually in an
obese patient. It may also result from friction of the
undergarments or sanitary towels.

Treatment with local hygiene and local antiseptic
application is quite effective. At times, systemic
antibiotics may have to be used.

VIRAL INFECTION

Herpes zoster: The causative agent is varicella zoster
virus (VZV). This is due to re-emergence of VZV from
posterior nerve roots. It produces an inflammatory
painful eruption of groups of vesicles distributed over
the skin corresponding to the course of peripheral
sensory nerves (dermatome). It is commonly unilateral
but may extend to the thigh or buttock of the same
side. The vesicles may rupture or become dry with
scab formation. It resolves spontaneously in 3 weeks
time.

Treatment is by analgesics to relieve pain and
antibiotics to prevent secondary infection. Acyclovir
800 mg orally five times daily for 7 days is reco-
mmended. Acyclovir cream (5%) may be used locally
for less severe infection.

FUNGAL INFECTION

Moniliasis: See p. 164.

Ringworm: The causative organism is Tinea cruris.
The lesions look bright red and circumscribed. The
fungus can be detected microscopically from scraping
of the lesion.

Treatment is very effective with imidazole (clotri-
mazole or miconazole) cream. Some fungi (7richo-

phyton rubrum) respond well to griseofulvin 500 mg
twice daily by mouth for 4 weeks.

PARASITIC INFECTION

Threadworm:The causative organism is Oxyuris
vermicularis. It is common in children. Nocturnal
perineal itching with evidences of perianal exco-
riation is observed. The parasite is detected in the
stool. Anthelmintic drugs such as mebendazole and
local application of gentian violet cures the condition.

INFECTIONS OF BARTHOLIN’S GLAND

Bartholin’s glands are the two pea sized (2 cm)
glands, located in the groove between the hymen and
the labia minora at 5 O’Clock and 7 O’Clock position
(see p. 2) of the vagina.

Causative Organisms: Although Gonococcus is
always in mind but more commonly other pyogenic
organisms such as Escherichia coli, Staphylococcus,
Streptococcus, or Chlamydia trachomatis or mixed
types (polymicrobial) are involved.

Pathology: Both the gland and the duct are involved.
The epithelium of the gland or the duct gets swollen.
The lumen of the duct may be blocked or remains open
through which exudates escape out.

Fate: The infection may resolute completely or an
abscess is formed. In others, the infection subsides
only to recur in future. In such cases, the gland
becomes fibrotic. Too often, the duct lumen heals
by fibrosis with closure of the orifice — pent up
secretion of the gland — formation of bartholin cyst.
Thus, the end results of acute Bartholinitis are:
(i) Complete resolution (ii) Recurrence (iii) Abscess
(iv) Cyst formation.

Clinical Features: Initially, there is local pain
and discomfort even to the extent of difficulty in
walking or sitting. Examination reveals tenderness
and induration of the posterior half of the labia when
palpated between thumb outside and the index finger
inside the vagina (see Fig.9.6). The duct opening
looks congested and secretion comes out through
the opening when the gland is pressed by fingers.
The secretion should be collected with a swab for
bacteriological examination.

Treatment: Hot compress over the area and anal-
gesics to relieve pain are instituted. Systemic
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antibiotic like ampicillin 500 mg orally 8 hourly is
effective or else appropriate antibiotic according to
the bacteriological sensitivity should be instituted.
Recurrent Bartholinitis: Periodic painful attacks
cause problems in 5—10 percent women. Excision of
the gland with the duct may have to be done in the
quiescent phase.

BARTHOLIN’S ABSCESS

Bartholin’s abscess is the end result of acute bartho-
linitis. The duct gets blocked by fibrosis and the
exudates pent up inside to produce abscess. If left
uncared for, the abscess may burst through the lower
vaginal wall. A sinus tract may remain with periodic
discharge through it.

Clinical Features

The local pain and discomfort become intense.
The patient cannot walk or even sit. Fever is often
associated.

On examination, there is an unilateral tender
swelling beneath the posterior half of the labium
majus expanding medially to the posterior part of the
labium minus. The overlying skin appears red and
edematous.

Treatment: Rest is imposed. Pain is relieved by
analgesics and daily sitz bath. Systemic antibiotic—
ampicillin 500 mg orally 8 hourly or tetracycline in
chlamydial infection is effective. Abscess should be
drained at the earliest opportunity before it bursts
spontaneously.

In case of recurrent Bartholin’s abscess, excision
should be done in the quiescent phase after the
infection is controlled.

BARTHOLIN’S CYST

There is closure of the duct or the opening of an
acinus.The cause may be infection or trauma follo-
wed by fibrosis and occlusion of the lumen.

Pathology: It may develop in the duct (common) or in
the gland. Commonly, it involves the duct; the gland
is adherent to it posterolaterally. Cyst of the duct or
gland can be differentiated by the lining epithelium.
The content is glairy colorless fluid—secretion of the
Bartholin’s gland.

= g,

Fig. 12.1: Bartholin’s cyst (left)

Clinical Features: A small size often remains
unnoticed to the patient or escapes attention to the
physician even following internal examination. If
it becomes large (size of hen’s egg), there is local
discomfort and dyspareunia. Examination reveals
an unilateral swelling on the posterior half of the
labium majus which opens up at the posterior end
of the labium minus. Its medial projection makes
the vulval cleft ‘S’-shaped. The overlying skin is
thin and shiny. The cyst is fluctuant and not tender
(Fig. 12.1).

Treatment: Marsupialization is the gratifying
surgery for Bartholin’s cyst. An incision is made on
the inner aspect of the labium minus just outside the
hymenal ring. The incision includes the vaginal wall
and the cyst wall. The cut margins of the either side
are to be trimmed off to make the opening an elliptical
shape and of about 1 cm in diameter. The edges of
the vaginal and cyst wall are sutured by interrupted
catgut, thus leaving behind a clean circular opening.

The advantages of marsupialization over
the traditional excision operation are: (i) Simple.
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(ii) Can be done even under local anesthesia.
(iii) Shorter hospital stay (24 hours). (iv) Post-
operative complication is almost nil. (v) Gland
function (moisture) remains intact.

VAGINAL INFECTION (VAGINITIS)

Vulvovaginitis in childhood.
Trichomoniasis.

Moniliasis.

Vaginitis due to Chlamydia trachomatis.
Atrophic vaginitis.

Non-specific vaginitis.

* & & O o o o

Toxic shock syndrome.

VULVOVAGINITIS IN CHILDHOOD

Inflammatory conditions of the vulva and vagina are
the commonest disorders during childhood. Due to
lack of estrogen, the vaginal defence is lost and the
infection occurs easily, once introduced inside the
vagina.

Etiology

D Non-specific vulvovaginitis.
D Presence of foreign body in the vagina.

D Associated intestinal infestations—threadworm
being the commonest.

D Rarely, more specific infection caused by Candida
albicans or Gonococcus may be implicated.

Clinical Features: The chief complaints are pruritus
of varying degree and vaginal discharge. There may
be painful micturition.

Inspection reveals soreness of the vulva. The labia
minora may be swollen and red. If a foreign body is
suspected, a vaginal examination with an aural or nasal
speculum may help in diagnosis.

Investigations: The vaginal discharge is collected
with a platinum loop and two smears are taken, one
for direct examination and the other for Gram stain.

A small amount may be taken with a pipette
for culture in Stuart’s media. To exclude intestinal
infestation, stool examination is of help.

Vaginoscopy is needed to exclude foreign body or
tumor in a case with recurrent infection.

Treatment: In most cases, the cause remains
unknown. Simple perineal hygiene will relieve the
symptoms. In cases of soreness or after removal
of foreign body, estrogen cream is to be applied
locally, every night for two weeks. When the specific
organisms are detected, therapy should be directed to
cure the condition.

TRICHOMONAS VAGINITIS

Vaginal trichomoniasis is the most common and
important cause of vaginitis in the childbearing period.

Causative Organism: It is caused by Trichomo-
nas vaginalis, a pear-shaped unicellular flagellate
protozoa. It measures 20 u long and 10 u wide (larger
than a WBC). It has got four anterior flagellae and
a spear-like protrusion at the other end with an
undulating membrane surrounding its anterior two-
third. It is actively motile (Fig. 12.2).

Mode of Transmission

The organism is predominantly transmitted by sexual
contact, the male harbors the infection in the urethra
and prostate. The transmission may also be possible
by the toilet articles from one woman to the other or
through examining gloves. The incubation period is
3-28 days.

Flagellae

Undulating
membrane

Axostyle

Fig. 12.2: Physical appearance of
Trichomonas vaginalis
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Pathology: In about 25 percent of women in the
reproductive period, the parasites harbor in the
vagina in asymptomatic state. When the local
defence is impaired—during and after menstruation,
after sexual stimulation, and following illness, the
pH of the vagina is raised to 5.5-6.5. At this level
of pH, the trichomonads thrive. The organisms
usually lie in between the rugae and produce surface
inflammatory reaction when the defence is lost. In
about 75 percent cases, the organism can be isolated
from the urethra, Skene’s tubules, or even from the
Bartholin’s glands.

Clinical Features

(a) There is sudden profuse and offensive vaginal
discharge often dating from the last menstruation.

(b) Irritation and itching of varying degrees within
and around the introitus are common.

(c) There is presence of urinary symptoms such as
dysuria and frequency of micturition.

(d) There may be history of previous similar attacks.

‘Women with trichomoniasis should be evaluated for
other STDs including N. gonorrheae, C. trachomatis,
and HIV.

On Examination

(a) There is thin, greenish-yellow and frothy offensive
discharge per vaginum.

(b) The vulva is inflamed with evidences of pruritus.

(c) Vaginal examination may be painful. The vaginal
walls become red and inflamed with multiple
punctate hemorrhagic spots. Similar spots are also
found over the mucosa of the portio vaginalis part
of the cervix on speculum examination giving the
appearance of ‘strawberry’ (Fig. 12.3).

Diagnosis

(a) Identification of the trichomonas is done by
hanging drop preparation (p. 110). If found
negative even on repeat examination, the
confirmation may be done by culture.

(b) Culture of the discharge collected by swabsin
Diamond’s TYM or Feinberg Whittington medium.

In suspected cases, gonococcal or monilial
infection should be excluded.

Fig. 12.3: Punctate hemorrhagic spots and ‘strawberry’
appearance on cervix

Treatment

The treatment is very much effective with
metronidazole. Metronidazole 200 mg thrice daily by
mouth is to be given for 1 week. A single dose regimen
of 2 g is an alternative. Tinidazole single 2 gm dose
PO is equally effective. The husband should be given
the same treatment schedule for 1 week. Resistance to
metronidazole is extremely rare. The husband should
use condom during coitus irrespective of contraceptive
practice until the wife is cured.

CANDIDA VAGINITIS (MONILIASIS)

Causative Organism

Moniliasis is caused by Candida albicans, a gram-
positive yeast-like fungus (Fig. 12.4).

Pathology

Predisposing factors for Candida vaginitis

Diabetes
Pregnancy

*

: + T Glycogen in the cells, glycosuria

: « T Vaginal acidity, glycosuria
- T Glycogen in the cells

¢ Broad spectrum antibiotics : - | Acid forming
lactobacillus

¢ Combined oral pills

¢ Immunosuppression— HIV

¢ Drugs-steroids

¢ Thyroid, Parathyroid disease:

*

- Obesity
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Fig. 12.4: Physical appearance of Candida albicans

Clinical Features

The patient complains of vaginal discharge with
intense vulvovaginal pruritus. The pruritis is out of
proportion to the discharge. There may be dyspa-
reunia due to local soreness.

On examination:

(a) The discharge is thick, curdy white and in flakes,
(cottage cheese type) often adherent to the vaginal
wall (Fig. 12.5).

Fig. 12.5: Curdy white flakes adherent
to the vaginal wall

(b) Vulva may be red and swollen with evidences of
pruritus.

(c) Vaginal examination may be tender. Removal of
the white flakes reveals multiple oozing spots.

Diagnosis: Wet Smear of vaginal discharge is
prepared. KOH solution (10%) is added to lyse the
other cells. Filamentous form of mycella, pseudo-
hyphae can be seen under the microscope (Fig. 12.4).
Culture in Nickerson’s or Sabouraud’s media—
become positive in 24—72 hours (chapter 9).

Women with recurrent vulvovaginitis, vaginal
boric acid capsule (600 mg gelatin capusles) is
effective. Boric acid inhibits fungal cell wall growth.

Treatment: Corrections of the predisposing
factors should be done, if possible. Local fungicidal
preparations commonly used are of the polyene or
azole group. Nystatin, clotrimazole, miconazole,
econazole are used in the form of either vaginal
cream or pessary.

One pessary is to be introduced high in the vagina
at bedtime for consecutive 2 weeks. In severe cases,
additional use of pessary in the morning is advocated.
The treatment should be continued even during
menstruation. Single dose oral therapy with fluconazole
(150 mg) or itraconazole is also found effective.

Associated intestinal moniliasis should be treated
by fluconazole 50 mg daily orally for 7 days. Hus-
band should be treated with nystatin ointment
locally for few days following each act of coitus.
The use of condom is preferred.

Resistance to these drugs is not known. The
systemic antifungal drugs fluconazole and itraconazole
are effective in a single dose oral therapy.

ATROPHIC VAGINITIS (SENILE VAGINITIS)

Vaginitis in postmenopausal women is called
atrophic vaginitis. The term is preferable to senile
vaginitis.

There is atrophy of the vulvovaginal structures
due to estrogen deficiency. The vaginal defence is
lost. Vaginal mucosa is thin and is more susceptible
to infection and trauma. There may be desquamation
of'the vaginal epithelium which may lead to formation
of adhesions and bands between the walls.
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TABLE 12.1 § DIFFERENTIAL DIAGNOSIS OF VAGINAL DISCHARGE

Characteristics | Trichomoniasis Candidiasis | Bacterial vaginosis | Chlamydia Normal vaginal
discharge
Color Greenish yellow Curdy white | Gray white to green | Mucopurulent White
yellow white

Consistency Thin, frothy Thick Thin Thick Thin
Whiff test Negative Negative Positive Negative Negative
(see p. 148) (Fishy amine)
pH >5 <45 >5 <4.5 <45
Pruritus +++ ++ Non-irritating — —
Diagnosis Motile Trichomonas | Hyphae or Clue cells (> 20%) Chlamydia —
(Wet mount (see p. 164) spores (see p.152) NAAT
microscopy) (see p. 165) (see p. 150)
Treatment Metronidazole Imidazole Metronidazole Azithromycin —

2 gm single dose Fluconazole | 200 mg. 1 gm orally

or 200 mg. 150 mg PO. | TID x 7 days single dose

TID x 7 days weekly for (see p. 152) (see p. 150)

(see p. 164) 6 weeks

Clinical Features

(a) Yellowish or blood stained vaginal discharge.
(b) Discomfort, dryness, soreness in the vulva.
(c) Dyspareunia.

On examination

(a) Evidences of pruritus vulvae.

(b) Vaginal examination is often painful and the walls
are found inflamed.

Diagnosis: Senile endometritis may co-exist and
carcinoma body or the cervix should be excluded
prior to therapy (p. 559).

Treatment

Improvement of general health and treatment
of infection if present should be done. Systemic
estrogen therapy may be considered if there is
no contraindication. This improves the vaginal
epithelium, raises glycogen content, and lowers
vaginal pH.

Intravaginal application of estrogen cream by an
applicator is also effective. About one-third of the
vaginal estrogen is systemically absorbed.

TOXIC SHOCK SYNDROME (TSS)

TSS is commonly seen in menstruating women

between 15 and 30 years of age following the use of

tampons (polyacrylate). Other condition associated

with TSS is use of female barrier contraceptives

(diaphragm). It is characterized by the following

features of abrupt onset :

¢ Fever >38.9°C.

¢ Diffuse macular rash, myalgia.

¢ Gastrointestinal : Vomiting, diarrhea.

¢ Cardiopulmonary : Hypotension, adult respiratory

distress syndrome.

Platelets : < 100,000/mm?®.

¢ Renal : T BUN (> twice normal).

¢ Hepatic : Bilirubin, SGOT, SGPT rise twice the
normal level.

L 4

¢ Mucous membrane (vaginal, oropharyngeal) :
Hyperemia.

The pathological features are due to liberation
of exotoxin by Staphylococcus aureus. It may lead
to multiorgan system failure. Blood cultures are
negative.



Chapter 12 < INFECTIONS OF THE INDIVIDUAL PELVIC ORGANS

167

Treatment is supportive. Correction of hypovole-
mia and hypotension with intravenous fluids and
dopamine infusion is done in an intensive care
unit. Parenteral corticosteroids may be used. Blood
coagulation parameters and serum electrolytes are
checked and corrected. Infection is controlled by
B-lactamase resistant antistaphylococcal penicillin
(cloxacillin, clindamycin and oxacillin) for 10-14
days. The tampon should be removed. Cotton tampons
are the safest. Mortality following TSS is 610 percent.

CERVICITIS

The term cervicitis is reserved to infection of the
endocervix including the glands and the stroma. The
infection may be acute or chronic.

ACUTE CERVICITIS

The endocervical infection usually follows child-
birth, abortion, or any operation on cervix. The
responsible organisms are pyogenic (p. 127). Other
common pathogens are : Gonococcus, Chlamydia
trachomatis, Trichamonas bacterial vaginosis,
Mycoplasma and HPV, the first one being less
common nowadays.

The organisms gain entry into the glands of
the endocervix and produce acute inflammatory
changes. The infection may be localised or spread
upwards to involve the tube or sidewards involving
the parametrium.

Clinical Features: The vaginal examination is painful.
The cervix is tender on touch or movements. Cervix
looks edematous and congested. Mucopurulent
discharge is seen escaping out through the external os.

Prognosis: (a) It may resolve completely. (b) The
infection may spread to involve the adjacent structures
or even beyond that. (c) Becomes chronic.

Treatment: High vaginal and endocervical swabs
are taken for bacteriological identification and drug
sensitivity test. Appropriate antibiotics should be
prescribed. General measures are to be taken as
outlined in acute pelvic infection (ch. 10).

CHRONIC CERVICITIS

Chronic cervicitis is the commonest lesion found
in women attending gynecologic outpatient. [t may
follow an acute attack or usually chronic from the
beginning. The endocervix is a potential reservior
for N. gonorrhoeae, Chlamydia, HPV, mycoplasma
and bacterial vaginosis.

Pathology: The mucosa and the deeper tissues are
congested, fibrosed, and infiltrated with leukocytes
and plasma cells. The glands are also hypertrophied
with increased secretory activity. Some of the gland
mouths are closed by fibrosis or plugs of desquamated
epithelial cells to cause retention cyst— nabothian
follicles (Fig. 18.4). Thus, in fact, it should be called
chronic endocervicitis as the ectocervix is protected by
the overlying stratified squamous epithelium. There
is associated lacerated and everted endocervix, the
so-called eversion or ectropion.

Clinical Features: There may not be any symptom as
it may be accidentally discovered during examination.
Excessive mucoid discharge, at times mucopurulent,
is the predominant symptom. History of contact
bleeding may be present.

On examination: (a) The cervix may be tender to
touch or on movement. (b) Speculum examination
reveals—mucoid or mucopurulent discharge escaping
out through the cervical os. There may be enlargement,
congestion, or ectropion of the cervix. Associated
ectopy may be present (Fig. 12.6).

Fig. 12.6: Ectropion with unilateral tear of the cervix
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Treatment

Cervical scrape cytology to exclude malignancy is
mandatory prior to any therapy.

(1) There is no place of antimicrobial therapy except
in gonococcal or proved cases of chlamydial
infection or bacterial vaginosis.

(i1) The diseased tissue may be destroyed by electro
or diathermy cauterization or laser or cryosurgery.
The ectropion is corrected by deep linear burns
and the coincidental ectopy may be coagulated
(See p. 591).

ENDOMETRITIS

During childbearing period, infection hardly occurs in
the endometrium except in septic abortion or puerperal
sepsis and acute gonococcal infection.

Endometrium is protected from infection due
to vaginal and cervical defence and also due to
periodic shedding of endometrium.

ACUTE ENDOMETRITIS

It almost always occurs after abortion or childbirth.
The details of such infection has been dealt on page
133. For details see author’s Textbook of Obstetrics
Chapter 29. Treatment of acute endometritis is similar
to acute salpingitis (p. 172) for 14 days.

CHRONIC ENDOMETRITIS

It is indeed rare for chronic endometritis to occur
during reproductive period even following acute PID
and endometritis. This is because of cyclic shedding
of endometrium.

The infection can gain foothold, however, when
there is persistent source of infection in the uterine
cavity. Such conditions are IUCD, infected polyp,
retained products, uterine malignancy, and endometrial
burns due to radium. Tubercular endometritis is chronic
from the beginning and has been described in p. 138.

Women often presents with purulent or
seropurulent vaginal discharge. Diagnosis is made by
cervical smear, culture of the discharge, transvaginal
ultrasonography and histology, of the endometrium.

Treatment: The offending cause is to be removed
or eradicated. Levofloxacin 500 mg PO daily for 14
days with Metronidazole 400 mg PO twice daily for
14 days are given.

ATROPHIC ENDOMETRITIS
(SENILE ENDOMETRITIS)

Following menopause, due to deficiency of estrogen,
the defense of the uterocervicovaginal canal is lost.
There is no periodic shedding of the endometrium.
As a result, organisms of low virulence can ascend
up to infect the atrophic endometrium. There
is intense infiltration of the endometrium with
polymorphonuclear leukocytes and plasma cells.
The endometrium becomes ulcerated at places and
is replaced by granulation tissues. The purulent
discharge either escapes out of the uterine cavity or
may be pent up inside producing pyometra.

Clinical Features: The postmenopausal women
complain of vaginal discharge, at times offensive
or even blood-stained. Pelvic examination reveals
features of atrophic vaginitis. Purulent discharge may
be seen escaping out through the cervix. In presence of
pyometra, the uterus is enlarged; feels soft and tender.

Diagnosis

The diagnosis is confused with carcinoma of the
endometrium which must be excluded prior to
treatment (see p. 356). In fact, pyometra may be
present both in atrophic endometritis and endometrial
carcinoma. Ultrasonography (TVS) is helpful to the
diagnosis. Diagnostic curettage should be done and the
endometrium is subjected to histological examination.

If however, pyometra is present, drainage of pus
by simple dilatation should be done first. After 1-2
weeks, diagn