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Preface

Our original concept was to construct the authoritative
reference on the current management of abnormal uterine
bleeding. Divided into subsections to make resourcing
easier, it would be carefully crafted to provide a complete
up-to-date overview of this common concern. Chapters
were to be designed to discuss pathophysiology, diagnosis,
the myriad of treatment options, as well as future research.
Contributing authors selection was to be rigorous, as it
would be based on an international reputation, recognized
expertise in the field, and their appreciation for the clinical
arena. Their task at hand was to incorporate current
medical practice, with evidence in literature, and the latest
research to create a relevant discourse.

xiil

The resultant Modern Management of Abnormal
Uterine Bleeding is a unique and valuable resource
for medical students, housestaff undergoing training
in gynecology, as well as physicians currently in
practice. Ultimately, it is our desire that this treatise
will challenge all those involved in the treatment of
the female with abnormal uterine bleeding to provide
a holistic, state-of-the-art, evidence based approach
to her care.

Peter Joseph O’Donovan
Charles E Miller
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Menstruation: historical perspective 1

James Drife

INTRODUCTION

The history of menstruation is a story of change. Over the
centuries, society’s attitude to women has altered, and
so have women’s attitudes to doctors and to their own
bodies. This process seems to be accelerating. Only a few
years ago, reviews of the history of menstruation made
relaxing reading, with little relevance to current practice.'
They covered predictable ground — primitive supersti-
tion, medical ignorance, and societal taboos — and made
modern doctors feel superior to their predecessors. In
recent years, however, universities have established depart-
ments of feminist studies, and a new wave of academics,
mainly but not exclusively women, has begun in-depth
examination of historical attitudes to menstruation. Their
work includes critical examination of doctors’ assump-
tions, and some of their conclusions make disturbing
reading for gynecologists. Our belief that we are moti-
vated mainly by sympathy for women and women’s trou-
bles is now being subjected to hostile scrutiny.

This chapter will look at menstruation from a histori-
cal perspective under three headings familiar to medical
educators. The first section, on ‘knowledge’, will outline
how medical science’s understanding of menstruation has
progressed over the centuries. The second section, on
‘skills’, will briefly review the development of medical
methods for investigating and treating menstrual disor-
ders. The third section, on ‘attitudes’, will focus on how
society in general and women in particular view this

aspect of human physiology.

KNOWLEDGE

Compared to subjects such as astronomy and architec-
ture, knowledge about human physiology developed late
in human history. For many centuries, philosophy, sci-
ence, and religion were closely interlinked, making it dif-
ficult for us in retrospect to separate knowledge from
atticudes. For example, Aristotle (384-322 BC) believed
that the ideal human form was male and the female body

was a distortion of the ideal. He taught that women have
fewer teeth than men. He believed that semen and men-
strual fluid were both products of the blood, which in the
male is fermented to form sperm but in the female is not
fully fermented and leaves the body with less force because
women have less energy than men.”

Aristotle’s father was a physician and a near-contem-
porary of Hippocrates, who lived from 460 to 370 BC).
Greek physicians were forbidden to dissect corpses and
had to make their observations on material that had left
the body. The writings of Hippocrates (actually written
by several doctors) include a detailed description of men-
strual flow and its abnormalities in the presence of dis-
ease. The menses were examined to determine which of
the four humors — phlegm, blood, bile, and water — pre-
dominated, and this would form the basis for diagnosis.
Chinese medicine in the 7th century AD also relied heavily
on a woman’s description of her periods, and medicines
were used to try to achieve ‘menstrual balancing’.’

In medieval Europe, menstruation was seen, not as a
function of the uterus, but as a purification of the whole
body. This concept persisted until the 18th century, as
shown by the 1st edition of the Encyclopaedia Britannica,
published in 1771:

MENSES, Flours, Courses, catamenia: in medicine,
the monthly evacuations from the uterus of women
not with child and not giving suck. ... As soon as a
healthy female arrives at her full growth, she gener-
ates more blood than can be conveniently contained
in the vessels; wherefore the superfluity is evacuated
by the uterine arteries, and is call the Menses. Boer-
haave observes, that in a suppression of the menses
there is a plethora, with a listlessness to motion; a
heaviness, a paleness, a pain in the loins and of the
groin; all the functions, whether natural, vital, or ani-
mal, are depraved. Sometimes the menses will force a
way thro’ the eyes, ears, nostrils, gums, the salival
ducts, bladder, breasts, skin, wounds or ulcers.”

Objective scientific observation had begun, however, dur-
ing the 17th century, helped by the invention of
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the microscope. Regnier de Graaf had described the ovar-
ian follicle in 1672, but although he thought it must
contain an oocyte he never saw one. The human oocyte
was finally identified in 1778 by William Cruikshank, a
Scottish-born anatomist and partner of William Hunter.
In 1775, another contemporary, Percival Pott, linked
oophorectomy with cessation of menstruation.

In the 19th century menstruation was recognized to
be linked to ovulation. In 1866, J Marion Sims, the
‘father of American gynecology’ wrote in his textbook

Clinical Notes on Uterine Surgery:

Menstruation is the sign of ovulation; it is prepara-
tory to the reception of the ovum ... the ovum
reaches the cavity of the uterus two to ten days
after menstruation ... the uterus itself is the nor-
mal seat of conception.

The mechanism of uterine bleeding, however, was still a
mystery. In the 1860s Pfliiger developed the ‘German
theory’ that increasing pressure in the Graafian follicle
caused reflex irritation of the ovarian nerves, leading to
pelvic congestion and menstruation. This theory was still
predominant at the start of the 20th century, but, by then,
animal experiments had begun to clarify endometrial
physiology. An overview in the first issue of the British
Journal of Obstetrics and Gynaecology (then the Journal of
Obstetrics and Gynaecology of the British Empire) in 1902

commented:

On Menstruation we have fairly clear ideas. Opin-
ion has rather swung round to Pfluger’s views as to
the causal relation between ovulation and men-
struation. Heape’s researches on the changes in the
uteri of monkeys have supported markedly those
who held that during menstruation a superficial
denudation of the mucous membrane goes on.
The exact nature of menstruation and its signifi-

cance is still a matter for speculation ...°

In 1908 Hitschmann and Adler published detailed histo-
logic pictures of the human endometrial cycle and around
this time knowledge of physiology began to catch up with
knowledge of anatomy. In the early 1900s the word ‘hor-
mone’ was coined by a colleague of Ernest Starling, Professor
of Physiology at University College, London,® but it was
some time before the sex hormones were identified. Trying
to understand menstruation before this must have been
tantalizing. In 1909, Willey summarized knowledge thus:

The monthly cycle should probably be regarded as
a vasomotor change (produced by a stimulus whose
source is uncertain, but dependant on the integrity
of the ovaries) by means of which the uterine wall
is richly supplied with blood in preparation for the
normal function of hypertrophy in presence of an

impregnated ovum. At all events, we know that the
uterus does become enlarged at the monthly cycle
through over-filling of its capillary system with
blood, and when no pregnancy occurs, the increased
blood supply escapes by rupture of capillaries and
diapedesis of corpuscles, with possibly some slight
destruction of the surface epithelium.”

Animal experiments during the 1920s and 1930s clarified
the nature of estrogen and progesterone®® and it became
accepted that menstruation was caused by withdrawal of
ovarian hormones, although in 1935 this was still being
disputed.” In 1937, it was suggested that estrin (estro-
gen), but not progestin, was in some way related to a
chemical substance causing the necrosis of the endomet-
rium."! Prostaglandins were discovered in 1936 by Ulf
von Euler, Professor of Physiology at the Karolinska Insti-
tute in Stockholm, who later discovered norepinephrine
and received the 1970 Nobel Prize for Physiology or
Medicine. (His father and his godfather had also been
Nobel prizewinners.) Follicle-stimulating hormone and
luteinizing hormone were identified in 1939.

The effects of the cycle on the endometrium were
described by Markee in 1940 after classic experiments on
explants in the eyes of Rhesus monkeys.'"” The human
endometrial cycle was described in 1950 by Noyes et al."?
In the late 1950s, estrogens and progestogens were
synthesized through the work of chemists such as Carl
Djerassi, ushering in the era of hormonal contraception and
giving women control of menstruation for the first time.

SKILLS

During the last two centuries, treatment of menstrual
disorders moved from ineffectual drugs, through major
surgery, to more effective medication and minimal access
surgery. The debate about when menstruation becomes a
‘menstrual disorder’ will be discussed later but some cases
are clearly pathologic. The Lancer of 1828 reported a case
hemorrhagic shock due to a bleeding fibroid polyp weigh-
ing nearly two pounds (just under 1 kg). It was removed
from the vagina by progressively tightening a ligature
around its base and the woman survived.' At the other
extreme, the Lancet of 1850 described women with no
uterine or vaginal disease, who were regularly treated by
caustic applied through a vaginal speculum and who had
‘the most revolting attachment ... to the practice and to
the practitioner’.”

In 1857, Henry Savage, senior physician to the Sam-
aritan Hospital, London, described the treatments then
available for heavy periods:

Menorrhagias (or rather metrorhagias) are said to
be active, passive, functional, or symptomatic,
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according as they are considered to depend on gen-
eral vascular derangement, on diathesis, or on mor-
bid states of the womb itself. The remedies most
useful, are such as correspond with these views. Thus
cooling purgatives, drastics, antimonials, bleeding,
astringents, have each had their advocates.
The same may be said of the series of special anti-
menorrhagics — bitartrate of potash, oxide of silver,
Indian hemp, digitalis, Cayenne pepper, cinnamon
&¢c, and of the removal from the womb itself of
some tangible exciting cause, as polypus in one or
other of its innumerable varieties. The majority of
menorrhagias yield to one or other of the above
remedies; but some do not.'

Savage described the successful treatment of two cases of
‘obstinate menorrhagia’ in which the cervix was dilated
by sponge tents over 3 days. One woman was then treated
by curettage (which she did not find painful), and the
other by injections of iodine into the uterus (which she
did, but which were nevertheless continued every 3 days
for a fortnight). The uterine curette had been invented in
1843 by a French surgeon, JCA Recamier, at the Hotel-
Dieu in Paris.

Hysterectomy

Major surgery was initially limited to cases of prolapse or
massive abdominal tumor. In 1809, the first ovariotomy
was performed by Ephraim McDowell in Kentucky, on a
woman with a huge ovarian cyst. The first planned and
successful vaginal hysterectomy was carried out in 1813,
by Conrad Langenbeck of Gottingen. The first abdomi-
nal hysterectomy in England was performed in 1843 in
Manchester by Charles Clay, who had expected to remove
an ovarian cyst but instead discovered a huge fibroid — a
diagnostic pitfall that remained common until the advent
of ultrasound. He removed the uterus and the patient
died shortly afterwards."”

Ether anesthesia was discovered in 1846 by William
Morton in Massachusetts and chloroform anesthesia by
James Young (JY) Simpson in Edinburgh in 1847. (The
word ‘anesthesia’ was coined by poet and physician Oliver
Wendell Holmes in a letter to Morton.) The first success-
ful abdominal hysterectomy was carried out in 1853 in
Massachusetts by Walter Burnham, using chloroform
anesthesia. Burnham (who, like Charles Clay, had
expected to find an ovarian cyst) commented that ‘he
would not easily be induced to make another attempt to
extirpate the uterus.” Others were more enthusiastic, how-
ever. The first successful abdominal hysterectomy with
bilateral salpingo-oophorectomy was carried out in 1856
in Knoxville, Tennessee, by William J Baker of Kentucky.'®
Europe's first successful hysterectomy was performed by

Charles Clay in 1863 and the specimen, a large fibroid,
was taken to Edinburgh by JY Simpson, who happened
to visit Manchester after the operation.

Surgery became less dangerous after Lister introduced
antisepsis in 1865' and the indications quickly extended.
Bilateral oophorectomy for intractable menorrhagia was
first performed in 1872 in Birmingham, England, by
Robert Lawson Tait (who also introduced salpingectomy
for ectopic pregnancy). In 1881, Thomas Savage of Bir-
mingham reported carrying out 28 bilateral oophorecto-
mies, with recovery of the patient in each case,” and the
Lancer reported a 33-year-old woman with ovarian dys-
menorrhoea treated by bilateral oophorectomy in the
North Staffordshire Infirmary: “The patient was evidently
of an hysterical disposition, and the constant pain had
increased this tendency.” The consultant commented that
‘the question of the propriety of removing the ovaries
whole in an incipient state of disease’ was an open one,
but felt justified in doing so because the woman, having
been unfit for work for 2 years, seemed cured by the
operation.”’ Two cases of oophorectomy for dysmenor-
rhea were reported from Bradford in 1884: both women,
aged 26 and 28 years old, had been keen for surgery and
both were delighted at being cured.?

At this time it was taught that hysterectomy should not
be performed ‘until oophorectomy had been already tried
and had failed’.* Lawson Tait was said to believe that men-
strual function depended on the fallopian tubes, not the
ovaries, but this was questioned and hysterectomy became
more common. In 1897 the British Gynaecological Society
discussed cases of hysterectomy for menorrhagia in young
women, and debated the wisdom of removing the uterus
in all cases of protracted bleeding because of concern that
some might be due to cancer. Doubts were expressed
about the reliability of histopathologic reports.**

Minimal access surgery

The picture is one of rapid acceptance of surgical treat-
ment, both major and minor. In 1888, a correspondent
wrote in the British Medical Journal: ‘My present practice
is to curette in every case of disease affecting the uterine
mucous membrane’. The era of offering curettage as a
treatment for all forms of uterine bleeding lasted for
almost a century and is remembered without fondness by
today's senior gynecologists. It is only relatively recently
that blind curettage has been replaced by visualization of
the uterine cavity, either by ultrasound or hysteroscopy.
The story of hysteroscopy, however, also began at the
start of the 19th century. A ‘light conductor’, consisting
of a wax candle, mirrors, and metal conducting tubes, was
developed by Philipp Bozzini, a German doctor who died
in 1809 aged 35 years old. Antonin Jean Desormeaux, at
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the Hoépital Necker in Paris, then developed an endo-
scope to study the urethra and bladder. In 1865, Francis
Cruise of Dublin improved the illumination with a par-
affin-lamp light source. Its use in investigating the uterus
was first reported by D Commander Pantaleoni, who
graciously thanked Dr Cruise in his first and only paper
on the subject in 1869."

Endoscopy was taken up by urologists, but the uterus,
unlike the bladder, was difficult to distend and bled easily
on contact. In France, JM David described uterine endos-
copy in 1907 and in America in 1925 IC Rubin described
the use of carbon dioxide as a distention medium."”
Complications were reported, however, and it was not
until the second half of the 20th century that the combi-
nation of cold light sources, better lenses, and modern
fiberoptics brought in the era of modern hysteroscopy.”

Laparoscopy was first reported in humans in 1910 by
HC Jacobaeus in Sweden. ‘Celioscopy’ was further devel-
oped in 1943 by Raoul Palmer at the Broca Hospital in
Paris, and in 1958 he was visited by Patrick Steptoe, who
introduced the technique into Britain and wrote a mono-
graph on the subject in 1967. At first, gynecological lap-
aroscopy was limited to minor procedures such as
sterilization, but innovators such as the late Kurt Semm
of Kiel, Germany, pioneered techniques that led to mod-
ern minimal access surgery.

ATTITUDES

Attitudes to menstruation are affected by a society's culture,
in particular its attitude to women. Culture is influenced by
religion and, nowadays, by the media and advertising. Atti-
tudes are also affected by gender. Male and female commen-
tators have different views on how our ancestors viewed
menstruation, and on the evolution of menstruation.

Evolution

The menstrual cycle occurs only in humans, apes, and
some monkeys.”® In many species the reproductive cycle
is controlled by the sun. How ovulation became linked
with the lunar cycle is unknown. A male chronobiologist
suggested that primitive humans were nocturnal, so that
selection pressure favored women who ovulated at the
time of the new moon when it was too dark for hunting.
A female biologist suggested that the menstrual cycle is
economical in terms of energy consumption, a woman's
metabolic rate being at least 7% lower during the follicular
phase than during the luteal phase of the cycle.”” Rosalind
Miles, in The Women’s History of the World, commented
that the change from an estrus to a menstrual cycle made
humans much more fertile than other primates, and thus

the main reason why our species has been so successful may
have been a female, not a male, evolutionary adaptation.?®
Desmond Morris, in 7he Naked Ape, pointed out that
when humans adopted the upright posture, male genital
display — an unusual activity among animal species —
became inevitable but the vulva became hidden, and he
suggested that this may have been a factor in initiating the
menstrual taboo.”

The menstrual taboo

The Polynesian word ‘taboo’ means ‘forbidden’ or ‘sacred’:
it is said that it also means ‘menstruation’, but evidence is
lacking for this.*® Nevertheless, as Rosalind Miles points
out, ‘of all human substances, blood is the most highly
charged with power and danger’. The early Native Amer-
icans of Dakota believed that the wakan (sacredness or
power) of a menstrual woman could weaken the wakan of
all masculine objects of power, both of war and peace.
Miles also cites ‘the dietary prohibition against eating
blood in force from Jews to Sioux to Hindus’.

In many societies menstruation was regarded as
unclean. In ancient China, menstrual blood was not
allowed to touch the ground for fear of offending the
Earth spirit. In ancient Egypt, ritual cleansing baths were
mandatory at the end of menstruation. Hindu teaching,
according to the Parsi sage Zoroaster was: ‘A menstruous
woman is the work of Uhremaun, the Devil. A woman in
her courses is not to gaze upon the sacred fire, sit in water,
behold the sun or hold conversation with a man.” Nowa-
days, in Britain, Hindu women may ask for tablets to
delay their period so that they may take part in religious
festivals.

Paula Weideger quotes numerous examples of how
some primitive peoples segregate women during men-
struation: ‘Special huts are built for menstruating women
by the Baikairi of Brazil, the Shuswap of British Colum-
bia, the Guari of Northern India, the Veddas of Ceylon,
and the Algonquin of the North American forest.” In
some cultures, segregation goes further: ‘In Uganda, pots
which a woman touches while the impurity of menstrua-
tion is upon her have to be destroyed; spears and shields
defiled by her touch are, however, merely purified. Among
the Bribri indians of Costa Rica the only plates she may
use for her food are banana leaves, which, when she has
done with them, she throws away in some sequestered
spot; for if a cow were to find them, and eat them, it
would waste away. And she drinks out of a special vessel
for the same reason: if any one drank out of the same cup
after her, he would surely die.” Among the Dogan of East
Africa, a menstruating woman brings misfortune to every-
thing she touches: not only is she segregated in an isolated
hut and provided with special eating utensils but also if
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she is seen passing through the village a general purifica-
tion must take place.’!

In the Middle East, women during menstruation some-
times must leave the home and live in a menstruation hut
or tent. If the woman is allowed to live in the home, she
must not prepare any food or touch her husband. Nor
may she enter a house in which there is an ill person.

Menstrual myths were described by the Roman histo-
rian Pliny the Elder in AD 77 in his Natural History, which
was arguably the first encyclopedia. Its oft-quoted descrip-
tion of menstruation is reproduced from O’Dowd and
Philip’s History of Obstetrics and Gynaecology:

A fatal poison corrupting and decomposing urine,
depriving seeds of their fecundity, blasting garden
flowers and grasses, causing fruits to fall from
branches, dulling razors. ... If the menstrual dis-
charge coincides with an eclipse of the moon or sun,
the evils resulting from it are irremediable. ... Con-
gress with a woman at such time being noxious and
attended with fatal effects to man. ... Contact with
[menstrual blood] turns new wine sour, crops
touched by it become barren, grafts die, seeds in
gardens are dried up, the fruit of trees fall off, the
edge of steel and the gleam of ivory are dulled, hives
of bees die, even bronze and iron are at once seized
by rust and a horrible smell fills the air; to taste it
drives dogs mad and infects their bites with an
incurable poison. ... Even that very tiny creature the
ant is said to be sensitive to it, and throws away
grains of corn that taste of it and does not touch
them again. ... Over and above there is no limit to
woman’s power. First of all, they say that hail storms
and whirl winds are driven away if menstrual fluid
is exposed to the very flashes of lightning; that
stormy weather too is thus kept away. It makes a
liniment for gout and by her touch a woman in this
state relieves scrofula, parotid tumours, superficial
abscesses, boils and eye fluxes.*

As recently as 1937 in the Journal of Obstetrics and
Gynaecology of the British Empire, Beatty, arguing for the

existence of a menstrual toxin, pointed out that:

Folklore on the Continent forbids the handling of
fruit or flowers then, and declares that dough kneaded
by a menstruating woman will not rise properly. It is
also a common belief in some parts of the country
that if a woman cures hams while she is menstruat-
ing the hams may be spoilt."!

Menarche

In some cultures, even those which observe menstrual
taboos, menarche is an event to be celebrated by the

whole tribe.’’ In New Guinea, Margaret Mead observed
that at the first menstruation of a young girl who is already
married, her brothers build her a menstrual hut and her
female relatives rub her with stinging nettles: after 3 days
her mother's brother makes decorative cuts on her shoul-
ders and buttocks. In South India, members of the Brah-
min community perform the ritual of Samati Sadang: the
girl is given a milk bath by a married male relative and then
joins a family feast. Rosalind Miles quotes a ritual among
the Kafe of Papua New Guinea:

When a girl began to menstruate she was shut in a
darkened hut for a week, deprived of food, and
taught that she was dangerous to herself and to
others if she failed to abide by the ritual restric-
tions: her body and blood would make a man
vomit, turn his blood black, corrupt his flesh, addle
his wits and waste him to death.

Such rituals seem strange to us now, but Paula Weideger
wrote:

In some families a vestige of more elaborate ritual
remains. Among Jewish families, for example, it is
customary to slap a young woman’s face on the day
that menstruation begins. The women I have met
who have had this experience say they hadn’t the
vaguest notion of why their mothers slapped them.
Many believed that it was a unique experience and
the product of an aberration or a disturbed
mother.

Nevertheless, in Western culture, the menarche is gener-
ally a secret and unwelcome development. Simone de
Beauvoir wrote about puberty in her classic book 7he

Second Sex:

She is proud of becoming a woman and watches
the maturing of her bosom with satisfaction, pad-
ding her dress with handkerchiefs and taking pride
in it before her elders; she does not yet grasp the
significance of what is taking place in her. Her first
menstruation reveals this meaning, and her feel-
ings of shame appear. ... All the evidence agrees in
showing that whether the child has been fore-
warned or not, the event always seems to her
repugnant and humiliating.*

Havelock Ellis reported that in 1896 about half of Amer-
ican schoolgirls had either no advance knowledge or only
vague knowledge at the time of their first menses. De
Beauvoir suggested that things were much the same in
1946. The Reverend Chad Varah founded the charity,
The Samaritans, in 1953, having been deeply affected by his
first funeral as a vicar: a 14-year-old girl had killed herself
after her periods started, thinking it was venereal disease.
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Germaine Greer, in The Female Eunuch, gave a frank
description of her own menarche:**

The arrival of menarche is more significant than
any birthday, but in the Anglo-Saxon households
it is ignored and carefully concealed from general
awareness. For six months while I was waiting for
my first menstruation I toted a paper bag with dia-
pers and pins in my school satchel. When it finally
came, | suffered agonies lest anyone should guess
or smell it or anything. My diapers were made of
harsh towelling, and I used to creep into the laun-
dry and crouch over a bucket of foul clouts, hoping
that my brother would not catch me at my revolting
labours. It is not surprising that well-bred, dainty
lictle girls find it difficult to adapt to menstruation,
when our society does no more than explain it and
leave them to get on with it. Among the aborigi-
nes who lived along the Pennefather river in
Queensland the little girl used to be buried up
to her waist in warm sand to aid the first contrac-
tions, and fed and cared for by her mother in a
sacred place, to be led in triumph to the camp
where she joined a feast to celebrate her entry into
the company of marriageable maidens, it seems
likely that menstruation was much less traumatic.

Religion

Early religions involved worshipping goddesses and, in
some religions, menstruating goddesses were considered
more powerful.” The ancient Egyptians, Greeks, and
Romans had a mixture of gods and goddesses but the
modern monotheistic religions — Judaism, Bhuddism,
Christianity, and Islam — all perceive God as male. His
prophets were male and his priests, even today, are almost
all male. This gender imbalance has had profound effects
on attitudes to menstruation.

In the Book of Leviticus, generally dated at the
7th century BC, Chapter 15 begins with rules of hygiene
relating to a discharge from a man’s body — perhaps an
infected wound or an abscess. It then applies them to
semen and to both regular and irregular ‘discharge of
blood’ from a woman’s body. After emission of semen, a
man is unclean until the evening, but the rules for women
are more rigorous:

When a woman has a discharge of blood which is
her regular discharge from her body, she shall be in
her impurity for seven days, and whoever touches
her shall be unclean until the evening. And every-
thing upon which she lies during her impurity shall
be unclean; everything also upon which she sits
shall be unclean. And whoever touches her bed

shall wash his clothes, and bathe himself in water,
and be unclean until the evening. And whoever
touches anything upon which she sits shall wash
his clothes, and bathe himself in water, and be
unclean until the evening; whether it is the bed or
anything upon which she sits, when he touches it
he shall be unclean until the evening. And if any
man lies with her, and her impurity is on him, he
shall be unclean seven days; and every bed on
which he lies shall be unclean. [verses 19-24]

If a woman’s cycle is abnormal, the strictures are more
severe:

And if a woman has a discharge of blood for many
days, not at the time of her impurity, or if she has
a discharge beyond the time of her impurity, all the
days of the discharge she shall continue in unclean-
ness. ... But if she is cleansed of her discharge, she
shall count herself seven days, and after that she
shall be clean. And on the eighth day she shall take
two turtledoves or two young pigeons, and bring
them to the priest, to the door of the tent of meet-
ing. And the priest shall offer one for a sin offering
and the other for a burnt offering; and the priest
shall make atonement for her before the Lord for
her unclean discharge. [verses 25-30]

Early Christian practices forbade menstruating or post-
partum women from entering church or taking commu-
nion. In the late 6th century, Pope Gregory the Great
challenged this, arguing that menstruation was an invol-
untary ‘infirmity’, but his views were not universally
endorsed. Exclusionary practices were ended in the 12th
century by Pope Innocent III, who decided that a men-
struating woman could not be prohibited from entering
church, although if she wanted to stay out she should not
be discouraged from doing s0.*® The Church continued
to prohibit sexual intercourse during menstruation. Its
negative attitudes were not confined to its male priests.
Hildegard of Bingen, a 12th century abbess, agreed with
the view that menstruation was a punishment for the fall
of Eve in the Garden of Eden.

The Koran does not forbid prayer or worship during
menstruation and does not require any ‘cleansing’ rituals,
although verse 2:222 states that sexual intercourse must
be avoided during the menses.

Medical attitudes

Unlike the church, the medical profession in the distant
past was not exclusively male. In the 11¢h century, Trot-
ula was a physician and gynecologist, and wrote a book

called The Diseases of Women. Between 1389 and 1497 in
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Frankfurt, there were 15 licensed women doctors in prac-
tice, and in the 15th century German women were pre-
senting theses at medical schools. Women were, however,
not generally welcomed. By 1220, the University of Paris
had introduced statutes to debar women from admission
to its medical school and, in 1485, the King of France issued
a decree withdrawing women's right to work as surgeons.
In Italy, some universities disbarred women from attend-
ing, although the University of Bologna had a female pro-
fessor of medicine in the 14th century, as well as a female
professor of mathematics and a woman pathologist.

In Britain in the 19th century the rising medical profes-
sion fiercely excluded women. Apart from James Miranda
Barry, who pretended to be a man and qualified in Edin-
burgh in 1812, and Elizabeth Blackwell, who graduated in
New York in 1849, Britain's first woman medical graduate
was Elizabeth Garrett in 1865. For the next 100 years, Brit-
ish medical schools imposed strict limits on the number of
female entrants into medicine. It was only in 1979 that the
British Medical Association had a female president, Dame
Josephine Barnes, who had experienced prejudice before
being appointed in 1954 as an obstetrician and gynecolo-
gist in Charing Cross Hospital, London, where she was the
first female member of the consultant staff.

Nineteenth century doctors clearly saw women as ‘the
weaker sex’. In 1888 the Lancet, commenting on a paper
on ‘hysteria’ wrote: ‘It cannot, of course, be denied that
women have nerves strung to finer issues and more mul-
tiplied sensations than are those of men, and that pain,
qua pain, is not necessarily such a serious or significant
thing in women as in men.””” In both Britain and Amer-
ica, women (at least those of the middle and upper classes)
were regarded as delicate. The American medical histo-
rian Harold Speert quotes Harper's magazine:

‘The fact is certain, that the American girl is a very
delicate plant ... not generally strong in nerve and
muscle, and too ready to fade before her true mid-
summer has come’ and Edward Clarke, in a popu-
lar book published in 1874: ‘A girl cannot spend
more than four, or, in occasional instances, five
hours of force daily upon her duties, and leave suf-
ficient margin for the general physical growth that
she must make. ... If she puts as much force into
her brain education as a boy, the brain or the spe-
cial apparatus will suffer.”

This attitude towards women underlay the advice given
about menstruation itself. Speert quotes William Robin-
son, from a book which was first published in the late 19th
century but went through many editions until 1928:

‘Rest is just as important during menstruation as
cleanliness, if not more so. ... It is an outrage that

many delicate, weak girls and women must stay on
their feet all day or work on a machine when they
should be at home in bed or lying down on a
couch. ... there should be as much rest as possible.
For delicate and sensitive gitls it is always best to
stay away from school during the first and second
days. ... It is best that dancing, bicycle riding,
horseback riding, rowing, and other athletic exer-
cises be given up altogether during the means.
Automobile riding and railroad and carriage travel
prove injurious in some instances.’

This attitude was challenged by Mary Putnam Jacobi, one
of the first women to graduate in medicine in the USA.
In 1876 she published a report, The Question of Rest for
Women during Menstruation, noting how many women
work for a living, including 467261 women employed in
the textile industry in Great Britain. She performed
experiments showing that muscular strength did not
change during the monthly cycle, and circulated a ques-
tionnaire to 1000 women, of whom 268 responded. The
results of showed that 35% did not suffer pain, discom-
fort, or weakness during menstruation. Dr Jacobi con-

cluded:

Purely spasmodic pain of moderate intensity, may
be, and certainly is, tolerated in an immense major-
ity of cases, far better while the ordinary occupa-
tions are continued. ... The only cases where rest
really cures or prevents menstrual pain, are those
where general debility is so marked that the loss of
blood at menstruation is sufficient to lower the
nutrition of the nerve centres below the level to
which they are capable of generating force with
ease. ... There is nothing in the nature of men-
struation to imply the necessity, or even the desir-
ability, of rest, for women whose nutrition is really
normal. ... The menstrual flow is the least impor-
tant part of the menstrual process, and the argu-
ments for rest drawn from the complexity of the
physiological phenomena involved in this, should
logically demand rest for women during at least
twenty days of the twenty-eight or thirty. In other
words, should consign them to the inactivity of a

Turkish harem.

Nevertheless, doctors continued to perceive and describe
menstruation in terms of illness. In the 19th century,
the menstrual cycle was linked with insanity and ‘hysteria’
and dysmenorrhea was considered normal. In the
20th century, the Medical Women’s Federation
attempted to change this perception, and in 1925 the
Federation issued The Hygiene of Menstruation: An
Authoritative Statement, which was distributed to doctors
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and schools and attempted to introduce positive termi-
nology: ‘Menstruation is a natural function; it is not an
illness, and girls should continue their ordinary work and
play during the period. It should not be and is not nor-
mally accompanied by pain and malaise.’”

Nevertheless, even today, many women find normal
periods burdensome and turn to a doctor for help. At the
end of the 20th century in Britain, over 20% of women
underwent hysterectomy before the menopause. Gynecolo-
gists were bitterly criticized because of this® and the rate has
now fallen, mainly because of the introduction of new meth-
ods of abolishing or reducing menstruation without the need
for major surgery. Our specialty is caught between the wishes
of individual patients and the political force of feminism.

Feminism

Modern feminism began in the late 18th century. In pre-
revolutionary France, philosophers wrote in favour of
female emancipation. In England, Mary Wollstonecraft,
arguably the first major feminist, published A Vindication
of the Rights of Women in 1792, proposing that women
should receive the same treatment as men in education,
work, and politics and should be judged by the same
moral standards. In the USA, the Women’s Rights Con-
vention in 1848 promoted a bill of rights demanding a
redress of the wrongs done to women. In 1869, the Brit-
ish philosopher John Stuart Mill (influenced by his essay-
ist wife, Harriet Taylor Mill) wrote The Subjection of
Women, asking why one-half of the human race should be
subjected to the other.

In 1949, Simone de Beauvoir's 7he Second Sex argued
that liberation for women meant liberation for men too.
In the USA, Betty Friedan published 7he Feminine Mys-
tique in 1963 and founded the National Women's Move-
ment in 1966, attacking the conditioning of women to
accept passive roles and depend on male dominance.
Women's movements proliferated in many countries and
the United Nations declared 1975 International Wom-
en's Year. The aims of feminism vary hugely from coun-
try to country. In some the goals are basic, such as
abolishing the custom of buying a bride, and in others
they go beyond equal opportunity and place feminist
concerns at the center of the political agenda.*!

Feminists have divided opinions about menstruation.
Some celebrate it as an essential part of womanhood** and
would disagree with what Germaine Greer wrote in 1960:
‘Menstruation does not turn us into raving maniacs or
complete invalids; it is just that we would rather do with-
out it.” Feminist comedians enjoy breaking the menstrual
taboo, as Dr Greer did:

Women still buy sanitary towels with enormous
discretion, and carry their handbags to the loo

when they only need to carry a napkin. They still
recoil at the idea of intercourse during menstrua-
tion, and feel that the blood they shed is of a spe-
cial kind, although perhaps not so special as was
thought when it was the liquid presented to the
devil in witches' loving cups. If you think you are
emancipated, you might consider the idea of tast-
ing your menstrual blood — if it makes you sick,
you've a long way to go, baby.

Also in The Female Eunuch, Dr Greer commented on the
language of menstruation:

The contradiction in the attitude that regards men-
struation as divinely ordained and yet unmention-
able leads to the intensification of the female revolt
against it, which can be traced in all the common
words for it, like the curse, and male disgust
expressed in terms like having the rags on. We have
only the choice of three kinds of expression: the
vulgar resentful, the genteel (‘I've got my period’,
‘I am indisposed’), and the scientific jargon of the
menses. Girls are irrepressible though: in one Syd-
ney girls' school napkins are affectionately referred
to as daisies; Italian girls call their periods 7/ marchese
and German gitls der rote Konig.

The word ‘curse’, however, may come from ‘courses’,
and ‘rags’ is an allusion to sanitary protection before the
invention of the disposable napkin. Until well into the
20th century women used rags or pieces of linen which
they washed after use. Modern disposable sanitary towels
were first marketed in the USA in 1921 under the brand
name ‘Kotex’ (a contraction of ‘cotton-like texture’). The
idea of internal tampons was patented in the USA in
1937 when the Tampax Company was founded, but their
use did not spread around the world until after World
War I1.

Advertising these products created difficulties. Early
advertisements for Kotex referred to ‘woman’s greatest
hygienic handicap’, reinforcing negative views of men-
struation.” Some feminists are uneasy that menstruation
has been taken over by big business and that advertising
reinforces the idea that it is shameful. Shail and Howie
begin their recent book Menstruation: A Cultural History
with a description of a cinema advertisement showing a
crowded cinema auditorium:

A warning sign and voiceover follows, indicating
that ‘the following manoeuvre must only be under-
taken with the proper protective gear’. A woman is
then shown moving along a crowded row to her
seat, the camera following her bottom and hips
closely. She sits down and the safety gear is revealed
to be the Tampax Compak tampon.*
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Advertising sanitary protection on British television was
banned entirely until 1979, when a limited range of
advertisements was allowed for an experimental period,
and was finally allowed in the 1980s, after research showed
increasing public acceptance. Some feminists felt that the
decision to allow advertising owed more to commercial
pressure than to a wish for equality of the sexes. Sophie
Laws, in Issues of Blood: The Politics of Menstruation,
quoted the guidelines to advertisers: ‘No commercial may
contain anything likely to cause embarrassment or to
undermine an individual’s confidence in her own per-
sonal hygiene standards’, ‘No advertisement may feature
an unwrapped towel or tampon’, and “The use of poten-
tially offensive words like “odour” is not acceptable.”” On
screen, blue fluid is used to illustrate absorbency.

Feminists in the UK also campaigned against value
added tax (VAT) being charged on sanitary protection,
unlike other necessities of life which are exempt. In the
early 1990s this tax brought the Treasury at least £30 mil-
lion a year.® Although mainstream political parties and
even medical organizations apparently felt too embar-
rassed to protest, the tax was quietly reduced from 17.5%
to 5% in 2001.%

Women can now do without periods completely if
they so wish. The oral contraceptive pill was originally
formulated to give women a monthly withdrawal bleed
for marketing reasons because monthly bleeds seemed
‘normal’. This pattern is a major reason for the Pill’s fail-
ure rate and it has been known for 30 years that is unnec-
essary.*s Nevertheless, most women do not want to take
the pill continuously or in a ‘tri-cycle’ pattern. Long-act-
ing progestogens also offer freedom from menstruation
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ductive system and argue that women can do without the
help of doctors. Menstruation: A Cultural History includes
a scathing onslaught on the idea, promoted mainly by
men,” that menstruation is an unfortunate by-product of
evolution which we can now reverse. Zahra Meghani
writes:

They do not recommend that men’s reproductive
physiology be aligned with the evolutionary norm
for non-human primates. Bipedalism, for
instance, is not categorised as a pathological evolu-
tionary aberration although it is both unique to
humans and causes some percentage of the popula-
tion to experience various physical ailments such as
fallen arches and back pain...*

Most men would not like to menstruate and male gyne-
cologists have generally been sympathetic to women who
complain about their periods. The gender balance in our
specialty is rapidly changing now, at least in the UK, but
feminist thinkers are likely to continue to regard female
and male doctors with equal suspicion. Whether their
views about menstruation will be influential remains to
be seen, but the current debate exemplifies the mixed feel-
ings with which individual women view their periods.
The sympathetic gynecologist needs to understand the
background to this ambivalence.
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Physiology of menstruation

Michael Zinger

HYPOTHALAMIC CONTRIBUTION

Gonadotropin-releasing hormone (GnRH) plays a vital,
permissive role throughout the phases of the menstrual
cycle. It is released from the arcuate nuclei of the hypo-
thalamus and then travels to the pituitary through the
portal circulation. GnRH is always secreted in a pulsatile
fashion, and this pulsing pattern is a prerequisite for
gonadotropin production and release from the pituitary
gland. Gonadotropins, in turn, stimulate ovarian func-
tion. The complex feedback loop between ovarian ster-
oids and gonadotropins then brings about the normal
cyclic nature of menstruation. However, without the con-
stant, underlying pulsation of GnRH, no activity can
occur within the reproductive axis.

The pulsation of GnRH release is intrinsic to the neu-
rons that produce it. There are, however, factors that
exert influence over the rate and the amplitude of the
pulsations. Gamma-aminobutyric acid (GABA) and the
endorphins are intermediaries for the effects of the ovar-
ian steroids, as described below. Additionally, although
its specific role is not well understood, leptin is integrally
involved in the suppression of GnRH that can occur
when energy expenditure exceeds caloric intake.

Pulsatile GnRH is both permissive and regulatory of
pituitary production of the gonadotropins, follicle-stimu-
lating hormone (FSH) and luteinizing hormone (LH).
Lower frequency of GnRH pulsations favors greater FSH
production, while higher frequency favors LH. Pituitary
concentrations of follistatin increase with greater GnRH
pulse frequency. Indeed, follistatin appears to be the local
pituitary intermediary of the selective FSH suppression
caused by increasing GnRH frequencies. Follistatin acts
by binding and neutralizing activin, an autocrine/para-
crine promoter of pituitary FSH production. As opposed
to its important local function, circulating activin appears
to be entirely neutralized by follistatin binding, thus pre-
venting any endocrine activity.'

In contrast to the gonadotropin-promoting effect of
pulsatile GnRH, exposure to constantly elevated levels of
GnRH inhibits FSH production. This counterintuitive
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effect occurs due to either receptor saturation, preventing
further stimulation, or to internalization of the GnRH
receptors. Exposure to long-acting GnRH agonists causes
suppression of the pituitary—ovarian axis within approxi-
mately 3 weeks. The resulting condition is a temporary
menopausal state. This response has been exploited for
the purposes of treating problems such as fibroids and
dysfunctional uterine bleeding.

MENSTRUAL CYCLE

The start of menses heralds the beginning of the follicular
phase. By definition, the first day of menstrual bleeding is
considered day 1 of the cycle. The length of the cycle is
considered to be the number of days from the start of
menstrual bleeding in one cycle until the start of bleeding
with the next cycle. Definitions of the normal length
vary. Depending on the source, the minimum normal
length ranges from 21 to 24 days while the maximum
ranges from 35 to 40 days. More typically, the length will
consistently be close to 28 days.

Physiologic menstruation occurs due to the failure of
an oocyte to fertilize and establish a pregnancy. There are
three components to this cyclic process that must precede
each physiologic menstruation:

* the follicular phase in the ovary, which induces a
simultaneous proliferative phase in the endometrium

e ovulation

* the luteal phase in the ovary, which induces a simulta-
neous secretory phase in the endometrium.

Follicular phase

At the start of the menstrual cycle, there are normally
more than seven early antral follicles, amongst both ovaries,
that may be visualized by ultrasound as being 4-10 mm
in size (Figure 2.1).> These early antral follicles have
developed from primordial follicles over a number of months
in a process that appears to be mostly independent of



12 Modern Management of Abnormal Uterine Bleeding

Figure 2.1
cycle.

Early antral follicles as seen on day 1 of the menstrual

FSH. However, at the early antral stage they have become
dependent on FSH for their growth and survival.” In fact,
a rise in FSH at the start of the follicular phase is critical
to rescue these follicles from atresia. Combination oral
contraceptives, for example, prevent development of a
follicle by preventing a rise in FSH, thus leading to atresia
of these follicles.

As the ovarian follicle develops further, it produces
increasing amounts of estradiol through cooperation of
its two distinct cell types: theca cells produce androgens
in response to LH stimulation; granulosa cells aromatize
these androgens into estradiol in response to FSH stimu-
lation. Estradiol is secreted into the bloodstream, result-
ing in increasing serum levels, which guide endometrial
development.

Activin is produced by the granulosa cells during the
early part of the follicular phase. As an autocrine factor, it
drives aromatization and FSH and LH receptor produc-
tion within the granulosa cell. As a paracrine factor,
activin suppresses excess androgen production within the
theca cells.

In response to FSH stimulation, the granulosa cells
produce increasing amounts of inhibin B, which acts in
both endocrine and paracrine roles. Circulating inhibin B
is necessary to suppress pituitary FSH production, lead-
ing to a plateau in FSH levels in the mid-follicular phase.
Local inhibin acts on the theca cells in a paracrine fasion
to augment LH-induced androgen production during the
late follicular phase.

Estradiol further suppresses FSH production at both
the hypothalamic and pituitary levels, bringing about a
decline in FSH levels as the follicular phase progresses. In
the hypothalamus, (GABA) probably functions as an
intermediary, resulting in decreases of GnRH pulse
amplitude without change in the pulse frequency. In the
pituitary, estradiol appears to have a direct inhibitory effect
on gonadotrophs, further decreasing FSH production.'

Around the end of the first week of the follicular
phase, one follicle amongst the two ovaries gains advan-
tage, allowing it to outgrow and suppress its peers. As the
serum FSH level dwindles, it is not adequate to maintain
the non-dominant follicles; thus, they undergo atresia.
Their death is hastened by the increasingly androgenic
environment. The dominant follicle, however, has the
advantages of developing adequate aromatase capacity
which can continue, even with decreasing FSH levels, to
enrich the follicle’s local estrogen/androgen ratio.

The insulin-like growth factors (IGFs) are peptides,
structurally similar to insulin, that exert ovarian paracrine
and autocrine activity. FSH and estradiol may stimulate
IGF-I production by the granulosa cells. IGF-I acts on
the theca and granulosa cells to augment steroidogenesis,
aromatase activity, LH receptor synthesis, and inhibin
secretion. However, IGF-II is the dominant ovarian IGF.
IGF-II is expressed both by granulosa and by theca cells
and appears in greater concentrations in follicular fluid
than does IGF-I. IGF-II stimulates granulosa cell mitosis
as well as steroidogenesis and aromatase activity. It pro-
duces many of the same actions as IGF-I, as it is able to
bind both the IGF-I and the IGF-II receptor. IGF-I can
only bind the IGF-I receptor.”

Growth hormone (GH) augments the gonadotropin-
induced follicular steroid production. Indeed, increasing
GH serum levels are mirrored by increases in estradiol
levels throughout the follicular phase. The ovarian effects
of GH are mediated by IGF-1.5

Proliferative phase

The successive changes in the endometrium during the
follicular phase are directly guided by steroid hormone
secretion from the developing oocyte follicle in its goal to
prepare an ideal environment for implantation. Estrogen
is the necessary stimulant of endometrial proliferation.
This growth appears to be triggered by a threshold estro-
gen concentration of 50-100 pg/ml.®

As the cycle begins, most of the endometrial surface
has been lost during menstruation. All that remains is the
basalis, a thin covering of the myometrium. The basalis is
a non-functional layer that ultimately gives rise to refor-
mation of a functional endometrium. The remaining epi-
thelium is in the area of the tubal ostia and at the isthmus,
i.e. the junction between the cervix and the uterine cor-
nua. In the presence of estrogen, this epithelium spreads
from these remnants and, in a matter of 2-3 days, grows
to cover the entire uterine cavity.” Rather than a direct
effect on the endometrial epithelium, estrogen acts on the
underlying stroma, which in turn produces a mediator
that carries this message to the epithelium.® This local
mediator of estrogen action is very likely to be IGF-1.
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As the follicular phase progresses, estrogen leads to
thickening of the endometrium from less than 1 mm up
to 3.5-6 mm. Endometrial lining thickness can easily be
measured by transvaginal ultrasound, with distinctive
changes seen through the cycle. Near the completion of
menses, the two basalis layers are directly opposed with-
out intervening functionalis, appearing as a thin echo-
genic stripe (Figure 2.2). The developing functionalis
appears as a non-echogenic area between the two echo-
genic basalis stripes. The potential space that is the endo-
metrial cavity represents a third, middle stripe creating
the trilaminar appearance that is characteristic of the fol-
licular phase (Figure 2.3). This is the only stage at which
the two endometrial linings are seen separately. By con-
vention, the standard format for reporting endometrial
thickness at any point during the cycle is a single mea-
surement across both sides of the endometrial lining.

The progressive thickening of the endometrium is due
to estrogen-driven growth in the functionalis, composed
of the spongiosa and superficial compact layers. As opposed
to the basalis, the functionalis is the more superficial por-
tion of the endometrium that is entirely lost during each
normal menstruation. It is also the portion of the endo-
metrium that prepares for blastocyst implantation. The

Figure 2.3 Thickening trilaminar endometrium near the end of

the proliferative phase.

tremendous growth is probably fueled by estrogen-
activated oncogenes.

The basal arteries, which flow toward the cavity through
the basal layer, extend to become spiral arteries in the
functionalis as it grows. Near the epithelial surface of the
functionalis, a plexus of capillaries develops, which is fed
by the spiral arteries. This impressive degree of angiogen-
esis stems from migration and mitosis of endothelial cells
with critical structural support by pericytes and extracel-
lular matrix.” Regulation is achieved by a multitude of
growth factors and cytokines which are ultimately driven
by the ovarian steroids. A central role for vascular endo-
thelial growth factor (VEGF) has been promulgated;
however, its concentration within the endometrium does
not vary during the menstrual cycle.”

Ovulation

By creating increasing serum levels of estrogen, the matur-
ing dominant follicle induces the pituitary gland to trig-
ger the follicle's own ovulation. This trigger occurs in the
form of an enormous spike in serum LH levels. The
steadily increasing levels of estradiol have acted directly
on the pituitary gland by heightening its sensitivity to
GnRH. Thus, the ever-present GnRH pulsations now
elicit a greatly enhanced response of LH secretion from the
pituitary gland. Interestingly, progesterone production by
the ovarian follicle begins to occur prior to the start of the
LH surge, leading to speculation that progesterone may
facilitate the surge.

Surging serum levels of LH act directly on the mature
follicle to bring about release of the oocyte 34-36 hours
after the beginning of the surge."" Prostaglandins are crucial
intrafollicular mediators of ovulation, so that the process
may be disrupted by non-steroidal anti-inflammatories.'*

Luteal phase

Directly following ovulation, the follicle transforms into
a corpus luteum. The granulosa cells within the follicle
luteinize, gaining the ability to make progesterone, as well
as VEGF. In response to VEGF, vascular invasion into
the new corpus luteum occurs quickly, creating an exten-
sive capillary network.' This blood supply is critical to
delivering adequate cholesterol substrate, in the form of
low-density lipoprotein (LDL), to allow a tremendous
rate of progesterone production. Adequate progesterone
is essential for inducing the secretory phase in the endo-
metrial lining and preventing premature breakdown of
the lining.

Progesterone acts on the hypothalamus through
endorphin intermediaries. The result is a slowing of
GnRH pulse frequency and thus also the frequency of
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FSH as well as LH pulsations. However, the amplitude of
LH pulses is increased even as their frequency declines.

Typically, the luteal phase, and the progesterone pro-
duction that it entails, lasts 14 days, with a normal range
of 12-16 days. During this time, increased amplitude of
pituitary LH pulses maintains sufficient progesterone
production in the corpus luteum. At the end of the luteal
phase, however, the responsiveness of the corpus luteum
to LH diminishes greatly, leading to plunging progester-
one levels. Declining LH responsiveness and the sched-
uled disruption of the corpus luteum, i.e. luteolysis,
appears to be triggered by invading leukocytes producing
tumor necrosis factor alpha (TNF-or) and hydrogen per-
oxide. Another potential mediator of declining LH
responsiveness is prostaglandin F2o. (PGF2a), although
its origin is unclear.'

If fertilization occurs and the resulting embryo implants
successfully in the endometrium, it will, prior to luteolysis,
secrete human chorionic gonadotropin (hCG) into the
serum. The embryonic hCG prevents luteolysis and, by
cross-reacting with the LH receptor, provides continuing
stimulation for progesterone production. Persisting serum
progesterone levels prevent endometrial shedding, thus pre-
cluding menses and allowing the pregnancy to develop.

Decreased LH stimulation prematurely depletes cor-
pus luteum function, i.e. causes luteal phase deficiency.
This can occur in a number of conditions, including thy-
roid disease, hyperprolactinemia, opioid use, or stress,
although commonly it is an idiopathic occurrence. It can
also occur sporadically in only one cycle. Regardless of the
cause, it presents as either a shortened cycle, spotting near
the end of the cycle, or inadequate secretory transforma-
tion of the endometrium leading to infertility.

With the end of the luteal phase, GnRH and therefore
FSH pulse frequency is released from progesterone sup-
pression. Accelerated FSH pulsatility sets the stage for
stimulation of another cohort of follicles with the start of
the next cycle.

Secretory phase

With exposure to adequate progesterone, growth of endo-
metrial thickness ceases. This sudden halt appears to be
related to progesterone suppression of estrogen-induced
oncogenes. Indeed, adequate progesterone exposure on a
regular basis is necessary to prevent endometrial hyper-
plasia and the risk of carcinoma.

The rapid development of a functionalis vascular sys-
tem that occurred in the proliferative phase also ceases
during the secretory phase. The change is due to proges-
terone promotion of angiogenesis inhibitors. Abnormally
prolonged progestin influence over these mediators may

lead to structural changes in the endometrial surface vas-
culature, leading to the ‘break-through’ bleeding often
seen with long-term progestin administration."

Secretory endometrial cells also prepare the means for
shedding the functionalis should pregnancy not occur.
During the early secretory phase, the Golgi apparatus of
epithelial, stromal, and endothelial cells within the endo-
metrial functionalis produce lysosomes containing pow-
erful lytic enzymes. These enzymes, if released, are capable
of completely disrupting the cells of the functionalis lay-
ers. Adequate progesterone levels maintain the lysosomal
integrity, preventing the autodigestion that their contents
would cause."”

The hallmark of the secretory phase is increasing func-
tion of the endometrial glands. As their surrounding
endometrial structure is no longer expanding, the length-
ening glands become increasingly tortuous. Furthermore,
they become filled with secretions of glycoproteins, pep-
tides, and plasma transudate.*

The effects of progesterone can be identified by ultra-
sound, even early in the secretory phase, as an increased
echogenicity of the functionalis. The trilaminar appear-
ance that is noted during the proliferative phase disap-
pears as the middle line, which represents the uterine
cavity, is obscured by the increasing echogenicity
(Figure 2.4). The two sides of the endometrial lining can
no longer be separated on a standard ultrasound image.

Histologically, the secretory endometrium progresses
through multiple changes, including pseudostratification,
basal vacuolation, and stromal edema. Because of the
orderly development of these findings, it is possible, by
histologic examination of the endometrium, to determine
the presence, length, and adequacy of progesterone expo-
sure.'® This has been the gold-standard diagnostic mea-
sure of luteal phase deficiency. However, there are

Figure 2.4 Secretory endometrium.
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concerns about the accuracy of this method due to sig-
nificant intra-observer and cycle-to-cycle variations."”

MENSTRUATION

Physiologic menstruation results from self-destruction of
the endometrial functionalis and the shedding of its
remains.'® Throughout the luteal phase, progesterone
suppresses release and production of enzymes that can
bring about the autodigestion of the fuctionalis. In the
absence of pregnancy, at the end of the luteal phase, pro-
gesterone levels drop and its endometrium-protecting
effects are lost.

During the preceding luteal phase, progesterone sup-
presses expression of matrix metalloproteinases (MMPs),
an action mediated by transforming growth factor beta
(TGF-B)."” The MMPs are a large family of enzymes
that, in the absence of progesterone, digest the compo-
nents of the extracellular matrix, leading to a structural
breakdown of the endometrial functionalis. Additionally,
with the loss of progesterone support, intracellular lyso-
somes rupture, releasing their destructive enzyme con-
tents. These enzymes digest all cellular contents as well as
surface membranes."”

Contributing further to the degradation of the endome-
trium, is an inflammatory reaction that results from leu-
kocyte-attracting chemokines released by the endometrial
cells. Analogous to the regulation of MMPs, progesterone
suppresses chemokine formation until the progesterone
levels dwindle with the end of the luteal phase. Indeed,
leukocyte infiltration is the final histologic change noted
just prior to menses.'® The invading leukocytes further
contribute to the supply of proteolytic enzymes that
degrade the extracellular matrix, as well as signaling apop-
tosis within the cells of the functionalis.***!

With the destruction of the overlying layers that they
were supplying, the basilar arteries instead lead to blood
loss directly into the endometrial cavity. Blood loss con-
tinues until the epithelium reforms over the basalis. This
occurs during the first few days of the proliferative phase of
the subsequent cycle (see Proliferative phase section above).
In the meantime, arterial vasoconstriction, mediated by
endothelins and prostaglandins, helps to limit blood loss.?

Based on monkey models, it was initially thought that
vasoconstriction played a central role in bringing about
sloughing of the functionalis through ischemia.” This has
since been disproven in humans in favor of the current
autodigestion process described above.?* Thus, vasocon-
striction has been relegated to a later role, assisting in
hemostasis rather than initiating menstruation.

Clotting of blood at the basilar surface also helps to
decrease blood loss. However, this clotting is partially
prevented by plasminogen activators that are released
from the endometrial tissue during its destruction. They
increase the conversion of plasminogen to plasmin, which
disrupts the formation of clots. This accounts for the
non-coagulability of menstrual blood. In addition, plasmin
functions to cleave and activate MMP proenzymes.”

The endometrium’s significant prostaglandin content
is released during the destruction of the functionalis lay-
ers. In addition to arterial vasoconstriction, prostaglan-
dins cause myometrial contractions. These contractions
seem to contribute little if at all to decreasing blood loss
but can lead to significant dysmenorrhea.

PERIMENARCHE

In the early reproductive years, the pituitary LH surge
response to increasing estrogen levels is not reliable. As a
result, the LH surge can be delayed, leading to a prolonged
follicular phase.”® However, in the majority of perimenar-
chal months, the LH surge does not occur at all. Up to
82% of cycles during the first 2 years after menarche are
anovulatory.”” As the hypothalamic—pituitary—ovarian
axis matures, ovulation becomes consistent.

PERIMENOPAUSE

The average length of the menstrual cycle undergoes a
slight, progressive decrease, especially in the late 30s and
early 40s due to accelerated follicle selection. As this
continues, the limited supply of follicles diminishes
greatly, a phenomenon that is notable by a decrease in
antral follicle count in baseline ultrasound evaluation.”
Later, as the supply of follicles nears exhaustion, the
frequency of ovulation becomes erratic. This leads to an
increase in variability as well as in the average length of
the menstrual cycle in the 2—8 years before menopause.*®
Additionally, decreasing follicle supply elicits a compen-
satory increase in FSH, possibly leading to elevated
estradiol levels.”

Because of the risks of increasing estrogen production
and inconsistent ovulation, the physiologic menopausal
transition is often associated with irregular bleeding.
Ovulation may frequently fail; thus, unopposed estrogen
can lead to heavy and unpredictable estrogen-withdrawal
bleeding. Endometrial hyperplasia can also occur, with a
concomitant increase in risk of carcinoma.*
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Terminologies and definitions

around abnormal uterine bleeding

[an S Fraser, Hilary OD Ciritchley, and Malcolm G Munro

INTRODUCTION

The world has suddenly woken up to the realization that
terminologies concerning disturbances of menstrual
bleeding are used in very different ways in different coun-
tries and different cultures."* These variations have impact
on the words which are used, the definitions of those
words, and the classifications of symptoms and underly-
ing causes. They have the potential to cause confusion
concerning the interpretation of data from clinical trials
and in the interpretation of scientific studies of the mech-
anisms of different types of abnormal uterine bleeding
(AUB).

Furthermore, until agreement on terminologies in
well-designed prospective multicenter trials is reached,
evaluating therapeutic interventions will be problematic,
owing to likely confusion and inconsistency surrounding
inclusion and exclusion criteria. The need for interna-
tional agreement on terminology and definitions is
increasingly important for routine clinical management
and training purposes.

A HISTORICAL PERSPECTIVE

Disturbances of menstruation have been a prominent
part of the workload of physicians throughout recorded
history, and the early literature is filled with a range of
simple, descriptive terms used to characterize the symp-
toms of heavy and irregular menstrual bleeding. Hippo-
crates made the basic observation ‘menstruation, if too
abundant, produces disease’, in his Aphorisms, Section V,
LVIL?

Perusal of the early literature makes it clear that most
of these physicians were dealing primarily with excessively
heavy bleeding, of a degree which was a major threat to
health and even to survival — the type of bleeding which
nowadays we might call acute and severe.*

Hippocrates is quoted by Aristotle’ as saying: ‘In quan-
tity, bleeding is excessive, when they flow about eighteen
ounces, and in time when they flow heavily about 3 days’.
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He further comments, ‘but it is inordinate flowing when
the faculties of the body are thereby weakened’. Eighteen
ounces is a considerable volume to lose each month, when
a modern ounce is approximately 30 ml. Even if this 540 ml
includes the 50% of endometrial transudate,® a regular
monthly blood loss of 270 ml for someone of limited
nutrition in ancient times must have been debilitating.
Thomas Sydenham’ clearly states that ‘when menstrual
flow is inordinate, there is difficulty, weakness, anorexia,
cachexia, cadaverous complexion and swelling of the
feet’.

The ancient and medieval literature typically used
terms such as:

* the overflowing of the courses
e this immoderate flux

* menstruation is profuse

* excessive flooding

* menses in too great abundance
* uterine hemorrhage.

This sense of an acute event was reflected in contem-
porary writings in other languages, such as the French
‘L’eruption des regles’.®

Many authors reflected a broader understanding of
the variation in bleeding symptoms, with terms such as
‘immoderate, long continued and frequent menstruation’
or ‘the flux is immoderate either when the periods return
too often, when they continue too long, or when too
much blood is discharged at one time’. None of these
publications uses terms like menorrhagia or metrorrhagia,
even though many of them were written in Latin.

Terms like menorrhagia and metrorrhagia seem to
have been coined in Edinburgh in the late 1700s by William
Cullen, Professor of the Practice of Physic at the University
of Edinburgh.”'’ Cullen originally wrote in Latin, but
was also writing in English later in his career. ‘Menor-
rhagia’ is derived from the Greek word ‘mene’ meaning
moon, and the verb ‘regnumi’ meaning to burst forth, to let
loose, or to break asunder. He only considered menorrhagia
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as a disease with ‘those deviations which are excessive in
degree, which are permanent and which induce a mani-
fest state of disability’.' He goes on to state that ‘the flow
of the menses is considered immoderate when it recurs
more frequently, when it continues longer, or when dur-
ing the ordinary continuance it is more abundant than is
usual with the same person at other times’. This suggests
that he was using the term ‘menorrhagia’ to cover any type
of excessive bleeding — heavy, prolonged, frequent.

The term ‘menorrhagia’ was taken up with enthusiasm
by subsequent writers but was usually not defined. The
sense in which it is used usually implies that the reader is
expected to understand that it refers in some way to the
symptom of heavy ‘menstrual’ or uterine bleeding.

It is likely that the term ‘metrorrhagia’, to describe
irregular bleeding, came into usage at about the same
time, since Cullen certainly used the term ‘maetrorrhagia’
in his lectures.'® However, this seems to have been less
popular than ‘menorrhagia’. Other authors were also
using the terms ‘amenorrhea’ and ‘dysmenorrhea’ at this
time.

An understanding of the causes of AUB really only
began around the late 1800s with the development of
major surgery allowing exploration of the pelvic organs.
Gradually it became clear that malignant and benign
tumors and infections were major causes of abnormal
bleeding, but more precise definition had to await modern
pathologic examination of excised tissues and progres-
sively more effective imaging, through X-rays, ultrasound,
and endoscopy.

The major clinical and pathologic correlations of uter-
ine fibroids, adenomyosis, endometriosis, endometrial
hyperplasia, and endometritis were made in the first cou-
ple of decades of the 1900s.""~'® These seminal papers
provided some remarkable clinical and pathologic detail,
although attempts at classification of these conditions still
leads to some controversy.

CURRENT USAGE OF TERMINOLOGIES

Acknowledging the worldwide confusion in terminolo-
gies and definitions around abnormalities of menstrual
and uterine bleeding, a recent review has explored origins
and current usages of the terms for symptoms, signs, and
causes of abnormal uterine bleeding, and thereby high-
lighted the international lack of uniformity in usage of
such terms (Table 3.1)."” This lack of uniformity has
resulted in inevitable inconsistencies in clinical manage-
ment and in the interpretation of research on basic mech-
anisms and clinical trials."?

The most frequently used terms such as menorrhagia,
metrorrhagia, and dysfunctional uterine bleeding (DUB)

Table 3.1 Analysis of the apparent meaning of usage of
the term menorrhagia in 100 publications between 2000 and
2006, where the term menorrhagia appeared in the title of the
publication

1 (a) Defined 56
(b) Undefined 44 n =100
2 (a) Used as symprom of heavy
uterine bleeding, irregular or
regular, with or without
pathology 34
(b) Used as symptom of heavy
uterine bleeding, regular,
with or without pathology 28
(c) Used as a symptom of heavy
uterine bleeding, regular with
no detectable pathology 16 n="78
3 (a) Primarily reflecting patient
complaint 59
(b) Primarily reflecting the
doctor's definition 19 n=78
4 (a) Used as a diagnosis 5
(b) Used as a diagnosis when
combined with another
term (e.g. ‘idiopathic’) 17 n=22

Adapted from Woolcock et al."”

have different meanings in different countries, and text-
books often fail to define such terms or provide conflict-
ing descriptions and definitions. By way of examples, use
of the term ‘DUB’ may indicate either the presence of
ovular or anovular cycles, depending on which side of the
Atlantic the patient is seen. Furthermore, clinicians may
use a variety of terms to describe disorders of menstrual
bleeding. These include descriptive and diagnostic terms
and phrases, with terms used in varied ways by different
gynecologists within a single practice setting.'

The term ‘abnormal uterine bleeding’ has received
greater acceptance and encompasses a wide range of uter-
ine bleeding symptoms.>* In this context, a recent exer-
cise that incorporated widespread consultation with
relevant international and national organizations, journal
editors, and individuals, enabled a modified Delphi pro-
cess to be developed to assess current use of contemporary
terminologies.'® This was followed by a structured face-to-
face international meeting of 35 clinicians (mostly gyne-
cologists) and scientists. The outcome, recently published
simultaneously in the European and North American
medical press,” reported almost universal agreement that
poorly defined terms of classical origin used in differing
ways in the English medical language should be discarded.
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There was agreement that these should be replaced by
simple, descriptive terms with clear definitions. These
should be easily understood by health professional and
patient alike, and translatable into most languages. The
major recommendations were to abolish and replace
terms such as menorrhagia, metrorrhagia, hypermenor-
rhea, and dysfunctional uterine bleeding.

A simple terminology was recommended for the
description and definition of symptoms and signs of
abnormal uterine bleeding. Emphasis was placed on the
fact that the manuscript reporting the deliberations of the
international agreement meeting should be a ‘living docu-
ment’ and thus part of an ongoing process with interna-
tional medical and community debate. Necessarily, also,
the classification of causes, investigations, cultural, and
quality of life issues were identified as crucial components
of this iterative and ongoing process.

There does, however, remain the issue within the con-
text of employment of simple terminology for describing
symptoms and signs of abnormal uterine bleeding,
whether heavy uterine or heavy menstrual bleeding best
reflects the subjective complaint of unacceptable heavy
blood loss either at the time of menstruation or as an
unscheduled event. Clinicians involved with the care of
women with menstrual bleeding complaints may use
‘heavy menstrual bleeding’ or ‘heavy uterine bleeding’ as
a reflection of the impact of the patient's complaint of
heavy bleeding on their quality of life.

The first authoritative use of the term ‘heavy men-
strual bleeding’ appears to have been in the New Zealand
Guidelines on Heavy Menstrual Bleeding."” Clear defini-
tions in such guidelines doubtless dispenses with confu-
sion about who to treat. Following the introduction of
the guidelines, practice preferences and the attitudes of
New Zealand gynecologists, general practitioners, and
family planning doctors were evaluated by a postal survey
and provided data on demographics, practice preferences,
knowledge of, usage of, and attitudes toward the
New Zealand Guidelines for the Management of Heavy
Menstrual Bleeding.*

A modification of prescribing patterns among special-
ist and general practitioners and family planning doctors
in New Zealand in accordance with these guidelines was
recorded.

In the UK, a Guideline for the Management of Heavy
Menstrual Bleeding was launched in 2007 by the National
Institute for Health and Clinical Excellence (NICE).?!
This guideline states that it was not within its remit to
include conditions where heavy menstrual bleeding
(HMB) was not the main presenting symptom (e.g. endo-
metriosis and gynecologic bleeding symptoms other than
HMB). Moreover, recommendations for research are
identified within the guideline, such as epidemiology of

women presenting with HMB; hence, the need for clear
definitions and terminology is endorsed.

The guideline’ provides a definition of heavy men-
strual bleeding that takes into account the evidence avail-
able on normal menstrual patterns, including length of cycle
and duration of bleeding. Typical duration in the reported
four observational studies, all graded as evidence level
(EL) 3, spanned a 3-8-day experience and included the
classicwork of Treloar etal.” Within the NICE guideline,”
three observational studies (all EL = 3) are identified
that report attempts at research assessment of menstrual
blood loss.

Just over 20 years ago Snowden and Christian® reported
a comprehensive study sponsored by the World Health
Organization (WHO) on patterns and perception of men-
struation. This large cross-cultural study included find-
ings on over 5000 women in 14 sociocultural groups in
10 countries. In each country, the sample size was experi-
ence from 500 women. Inclusion required women to be
parous, non-pregnant, non-menopausal, and not lactat-
ing at the time of interview. Women who recorded their
menstrual experience had not recently been pregnant and
were not using a contraceptive method known or believed
to affect the duration, amount, or frequency of menstrual
blood loss. The six major areas of enquiry were:

(1) The significant characteristics women associate with
menstrual bleeding.

(2)  The perceived physiologic and/or psychologic seque-
lae of menstrual bleeding.

(3) The behavior associated with menstrual bleeding.

(4) Women’s beliefs concerning the norms for behavior
associated with menstrual bleeding.

(5)  Social and cultural meaning of menstruation.

(6) Women’s reaction to changes in their pattern of
menstrual bleeding.

Women’s perceptions may now of course be different
in the 21st century; however, the experience of the pat-
tern of menstruation will probably be unchanged. Percep-
tions on certain patterns of menstruation, e.g. amenorrhea,
have changed. By way of an example, in the WHO-spon-
sored study involving 14 cultural groups (1973-1979),
women’s attitude to menses demonstrated preference for
methods of contraception that did not result in amenor-
rhea or change in blood loss and definitely preferred pre-
dictable bleeding.** In contrast, in the 1990s, a
re-evaluation of the characteristics of menstrual patterns
in relation to reproductive status and contraception in a
study of 1300 women in the Netherlands was performed
by telephone interview.” Over 80% of menstruating
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women preferred shorter, lighter, and/or less-frequent peri-
ods and, interestingly, the desire for amenorrhea increased
with age. A quarter of subjects preferred amenorrhea in
adolescence, half in their 40s, and as many as three-quarters
of women, if they were still menstruating, in their 50s.”

A more recent study, which specifically sought opin-
ion about amenorrhea in association with contraception,
was an international study on acceptability performed
between study centers in Edinburgh, Cape Town, Hong
Kong, Shanghai, and Sagamu, Nigeria.” In this more
contemporary study, amenorrhea was highly acceptable
to the majority of women in each of these different geo-
graphical locations. This was a questionnaire study of
both providers and users. There were 200 clients in each
center and 50 providers.

This latter study provided a very important observa-
tion that it was the providers who overestimated the impor-
tance of regular menses to their clients. Indeed, many
women were quite prepared to try a contraceptive associ-
ated with amenorrhea. These attitudes to amenorrhea
reflect a change over the last two decades. Potential health
benefits of amenorrhea include the abolition of problem-
atic bleeding, the abolition of dysmenorrhea, and main-
tained iron status, as well as possible protection against
future gynecologic disease.

The cross-cultural study on menstruation conducted
in the late 1970s, referred to earlier,” acknowledged that
the social significance of menstruation was learned and
that strong cultural influences impact on the perception
of this pivotal physiologic reproductive event.

Historically, society has acknowledged the occurrence
of menstruation in a context which is important for those
around the menstruating woman, and has often imposed
social conventions such as restrictions on behavior. The
principal endeavors of the WHO cross-cultural study”
were first to ascertain the degree of women’s awareness of
their menstrual pattern by self-reports and prospective
daily records and, secondly, to determine how menstrual
bleeding influenced activity and emotions and percep-
tion. Although determination of menstrual predictability
was a major objective of this study, the prospective recording
of bleeding experience was without doubt a methodologic
challenge for the study.

Key observations from this study, published over 20 years
ago, include the fact that menstruation was deemed an event
of such significance that the majority of women (82-95%)
found no difficulty in recall when enquiry was made
about features of their last menstrual period. Interest-
ingly, women in each of the cultural groups concentrated
on the bleeding experience itself rather than bleed-free
aspects of their menstrual cycles. The majority of women
in each culture studied described physical discomfort in
association with their menstrual period. Such discomfort

tended to be in the immediate premenstrual days and
during bleeding itself. Discomfort was reported less com-
monly after menstruation. The report did not indicate
that country of residence influenced the experience of
discomfort.

In each culture, women were aware of an experience of
negative mood in the context of menstruation, but the
study commented that fewer women perceived mood
changes than perceived physical discomfort. These negative
mood experiences occurred premenstrually and during
menstruation, with relief experienced on completion of
menstruation. A not-surprising observation was that
women in the developing countries felt a greater degree of
lethargy during menstruation.” Taboos and behavior
restrictions associated with the menstrual period were com-
monly recounted. Such influences on daily behavior are
documented elsewhere.”” A particular aim of this detailed
cross-cultural study was to determine the degree to which
women were aware of timing of menstrual events. A sub-
group of 10% of the study respondents were asked to pro-
spectively keep a menstrual diary. The diary card data
provided documentation that the bleeding experience was
remarkably similar across the whole group, despite the wide
cultural and environmental differences in the populations.

The WHO cross-cultural study provided support that,
for an accurate and useful definition of menstruation, it
was necessary to determine separate components of the
menstrual experience: i.e. amount, duration, regularity,
frequency, and associated body changes.” Differentiation
was made between the bleeding episode itself and the
bleed-free interval: notably, when a bleed-free interval
was important in the context of the absence of social
restrictions and personal discomfort. The study identified
the need to examine further the importance of the bleed-
ing episode and the bleed-free experience in different cul-
tures. Such information was deemed important for the
development of methods of fertility control.

The conclusion of this study is most cogent: ‘menstrua-
tion is not simply a physiological process but is linked
with the psychological, social and cultural variables’. The
study also identified the fact that women perceived bleed-
ing in two ways: — from their own experience and from
their position as a member in society — and therein lie the
meanings given to menstruation. The study concluded
that the interactions of these two perceptions influenced
attitudes of women.>

BREAKTHROUGH BLEEDING WITH
HORMONAL THERAPIES

Hormonal therapies with various steroid formulations
and combinations are notorious for the unpredictable
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bleeding patterns which they cause. Continuous exposure
to progestogens or to estrogen—progestogen combinations
tends to produce the least predictable patterns, varying
from complete amenorrhea, through infrequent, light
bleeding, to frequent or prolonged episodes. Heavy bleed-
ing tends to be unusual.

These unusual patterns of bleeding demanded new
ways of accurately defining and describing women’s expe-
riences, and the Population Council®® and the WHO?*
invested considerable effort into the development and
testing of new approaches. These methods require the
use of prospective, detailed menstrual charting® and an
analysis based on 90-day reference periods (the approxi-
mate equivalent of three menstrual cycles).”*?' There was
also a requirement to develop new terminologies and
definitions, which have permitted a more accurate descrip-
tion of these highly variable patterns (Table 3.2), and this
system has been widely accepted for this specific situation
of menstrual diary data analysis.

Table 3.2  Definitions of bleeding patterns which can be used
in reference period analysis

Bleeding

Any bloody vaginal discharge that requires the use of such
protection as pads or tampons

Spotting

Any bloody vaginal discharge that is not large enough to
require sanitary protection (or where women may use a
modern ‘mini-pad’)

Bleedinglspotting episode

One or more consecutive days on which bleeding or spotting
has been entered on the diary card

Bleeding/spotting-free interval

One or more consecutive days on which no bleeding or
spotting has been entered on the diary card

Bleedinglspotting segment

One bleeding/spotting episode and the immediately following
bleeding/spotting-free interval

Reference period

The number of consecutive days upon which the analysis is
based (this is usually standardized to 90 days)

Menstrual diary cards

These are designed for simple prospective recording of daily

experience of ‘bleeding’ (B) or ‘spotting’ (S)

Adapted from Woolcock et al."”

Since ‘breakthrough’ or ‘unscheduled’ bleeding with
long-acting hormonal contraceptives is rarely heavy, there
was limited need to tackle the thorny problem of assess-
ment of the heaviness of uterine bleeding in these women,
apart from defining the very light ‘spotting’ or ‘staining’
that is not uncommon with these methods (see Table 3.2).
Perhaps some variation of this menstrual diary analysis
approach could be adapted for a more quantitative clini-
cal assessment of spontaneous episodes of abnormal

bleeding.

RECOMMENDATIONS ON
TERMINOLOGIES FOR SYMPTOMS AND
SIGNS OF SPONTANEOUS ABNORMAL
UTERINE BLEEDING

The recently published international meeting on termi-
nologies for the symptoms and signs of spontaneous AUB
has been described above.” There was agreement that
AUB is not a diagnosis, but, instead, should be consid-
ered a symptom and a sign, and women with this sign
should be regarded as a subset of the group of clinical
problems encompassed by ‘abnormal reproductive tract
bleeding’, recognizing that such bleeding may sometimes
come from other parts of the reproductive tract. Further-
more, using a validated process, we have learned that this
group of experts determined that the terms DUB, menor-
rhagia, metrorrhagia, and meno-metrorrhagia are used in
such an inconsistent manner that they should be dis-
carded, but that the term ‘intermenstrual bleeding’ should
remain as a description of a symptom.

Defining terminologies for the description of AUB in
the reproductive years requires that the parameters of
normal menstruation be determined, including cycle
length, cycle predictability, and the duration and volume
of blood flow. Menses occurring more or less often than
the 95th and 5th percentiles can be classified as abnor-
mal, and duration of flow outside these same centile lim-
its should also be considered to be pathologic (Table 3.3).
Using these parameters, the range of normal cycle length
has been estimated to be from 22 to 35 days in the mid
reproductive years.” Predictability and consistency in
cycle length are also considered important normal param-
eters, and, consequently, a change in the menstrual pat-
tern for a particular woman can be abnormal even if the
interval or duration of flow remains within the 5th-95th
percentile. However, at this time, there is no evidence
to provide a threshold for determining an unacceptable
level of change. It is also important to note that a number
of additional parameters may impact the determination
of ‘normal’, including age and the population being
considered.***
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Table 3.3  Suggested ‘normal’ limits for menstrual parameters in the mid reproductive years

Clinical dimensions of menstruation
and menstrual cycle

Descriptive terms

Normal limits

(5th—95th centiles)

Frequency of menses (days)

Regularity of menses (cycle-to-cycle
variation over 12 months; in days)

Duration of flow (days)

Volume of monthly blood loss (ml)

Frequent <24

Normal 24-38

Infrequent >38

Absent -

Regular Variation £2 to 20 days
Irregular Variation greater than 20 days
Prolonged >8.0

Normal 4.5-8.0

Shortened <4.5

Heavy >80

Normal 5-80

Light <5

Based primarily on references 22, 23, 33, and 34.

The participants in the agreement process agreed
strongly that it was important to describe AUB symptoms
using a limited set of four dimensions and only three
choices of descriptive words for each dimension that
depict ‘normal’, ‘above normal’, and ‘below normal’, as
previously defined (see Table 3.3). Consequently, for a
given individual, each of the four key menstrual dimen-
sions should be described using one of the following
terms: cycle regularity, frequency of menstruation, dura-
tion of menstrual flow, and volume of menstrual flow:

* regularity of menstruation: irregular, regular, or absent

* frequency of menstruation: frequent, normal, or infre-
quent

* duration of menstrual flow: prolonged, normal, or
shortened

* volume of menstrual flow: heavy, normal, or light.

Any additional abnormality should be specified (e.g.
change in the menstrual pattern, intermenstrual bleeding,
premenstrual spotting). The concept of menstrual ‘shape’
was also discussed, where the patient's perception of the
pattern of changes in volume from day to day is record-
ed.” It was felt that there are so few data available about
this concept that it cannot currently be incorporated into
a menstrual assessment scheme, although research on the
topic is clearly needed

TERMINOLOGY OF CAUSES

The commonest causes of AUB have now been relatively
precisely defined with the use of modern imaging and
biopsy techniques. These technologies have permitted the
development of simple broad classifications of causes, but
significant gaps and controversies remain (Table 3.4). It
is a matter of fairly general agreement that many cases of
AUB will fit within the two clearly recognizable catego-
ries of pelvic pathology and systemic medical disease. The
third category is currently a diagnosis of exclusion, which
many people label as ‘dysfunctional uterine bleeding’
(see Table 3.4).

Dysfunctional uterine bleeding was first used by
Graves™ to describe regular or irregular cases of ‘menor-
rhagia or metrorrhagia’ caused by ‘impairment of the
endocrine factors’ that normally control menstrual func-
tion. These usages suggest that he was applying the term
‘dysfunctional uterine bleeding’ to unexplained causes of
a wide range of menstrual symptoms, whether or not they
were related to ovulation or anovulation.

Since the first usage of the term ‘dysfunctional uterine
bleeding’, it has been used very variably in different parts
of the world, usually as an undefined (or vaguely defined)
diagnosis of exclusion, but sometimes as a symptom with-
out being specific about the volume or pattern of men-
strual flow.>'” It is now strongly recommended that this
term be discarded. Consideration should be given to use
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Table 3.4 The main currently recognized causes of abnormal
uterine bleeding

Pelvic pathology
(a) Surface lesions of the genital tract
1. Uterine leiomyomata
Uterine adenomyomata or diffuse adenomyosis

2. Endometrial polyps

bt

Endometrial hyperplasia (often a consequence of
anovulation)

Endometrial adenocarcinoma; rare sarcomas
Uterine or cervical infection
Endometrial or cervical infections

Benign cervical disease

e N s

Cervical squamous and adenocarcinoma

(complications of unrecognized early pregnancy)

(b) Deeper lesions of the uterus
1. Uterine leiomyomata
2. Uterine adenomyomata or diffuse adenomyosis
3. Endometriosis
4. Myometrial hypertrophy
5

. Uterine arteriovenous malformations

Systemic medical disease

* Disorders of hemostasis (typically von Willebrand's
disease and platelet disorders; excessive anticoagulation)

* Hypothyroidism

* Other rarities, such as systemic lupus erythematosus
and chronic liver failure

Abnormal uterine bleeding of mechanisms currently
unexplained (MCU) — previously controversially termed
‘dysfunctional uterine bleeding’ (DUB) and subdivided

as below:

* Ovulatory DUB - a primary endometrial disorder of
the molecular mechanisms controlling the volume of
blood lost during menstruation

* Anovulatory DUB — a primary disorder of the
hypothalamic—pituitary—ovarian axis, resulting in
excessive unopposed ovarian estrogen secretion and a

secondary endometrial disturbance

Adapted from Woolcock et al."”

of a term such as ‘AUB — mechanisms currently unex-
plained” (MCU). Ovulatory MCU would then be a
primary endometrial disorder of the molecular mecha-
nisms controlling the volume of blood loss during men-
struation. Anovulatory MCU would be a primary disorder
of the hypothalamic—pituitary—ovarian axis, resulting in
excessive unopposed ovarian estrogen secretion and a
secondary disturbance of endometrial function and
breakdown.

These terminologies and definitions require much fur-
ther international debate to allow development of a strong
measure of agreement.

THE FUTURE

It is clear that there is great worldwide confusion in the
way that terminologies are used to describe most aspects
of abnormal uterine bleeding, and that few authors pro-
vide precise definitions for the terminologies they use.
The terminologies that are most widely abused are men-
orrhagia, metrorrhagia, hypermenorrhea, and dysfunc-
tional uterine bleeding. The international group which
met in Washington in February 2005* has strongly rec-
ommended that these terminologies be abolished and be
replaced by something much simpler (see above).

These recommendations will need widespread discus-
sion because of the entrenched usage of many of these
descriptive terms in most countries. The International
Federation of Gynecology and Obstetrics (FIGO) has
agreed to endorse a study group to ensure that the initial
manuscript from the Washington meeting® is a ‘living
document’ that will be debated widely. This study group
has been charged with responsibility for bringing together
a range of individuals from widely differing backgrounds
to explore the several areas of terminology confusion that
remain, to develop clinically meaningful and research-
relevant classifications of underlying causes of AUB, to
identify ways of involving family practitioners and com-
munity representatives, and to explore the importance of
quality of life and cultural issues.

The ultimate aim of these initiatives is to ensure that
we are all talking the same ‘language’, which will not only
allow better communication between doctors and with
patients but will also ensure that multinational clinical
trials are possible and that we can clearly interpret the
meaning of basic research studies on specific subgroups of
patients.
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Epidemiology of abnormal uterine

bleeding

Michael Zinger

INTRODUCTION

Abnormal uterine bleeding is a widespread complaint
among menstruating women in industrialized countries.
One-quarter report menorrhagia, while 21% complain
of shortened cycles, 17% complain of intermenstrual
bleeding, and 6% complain of postcoital bleeding.' These
issues have significant personal, medical, and economic
impacts.

From a personal standpoint, menorrhagia is the men-
strual symptom most often noted to interfere with daily
life. As many as 30% of menstruating women feel that
their menses are heavy, while 5% characterize them as very
heavy. Perhaps most importantly, 22% describe their
menses as a marked or severe problem.”

From a medical standpoint, abnormal uterine bleeding
can be a sign of underlying disease. Information regarding
endometrial pathology is only available for women in
whom bleeding was alarming enough to indicate dilata-
tion and curretage. Within this group, 20% have endo-
metrial hyperplasia, a potentially precancerous state.’

From an economic standpoint, enormous costs have
been associated with uterine bleeding. Women with self-
described heavy bleeding are 28% less likely to work.”
However, confounding social and psychological factors may
affect both perception of heavy bleeding and employment.

One of the greatest challenges in epidemiologic stud-
ies of abnormal uterine bleeding is quantification of men-
strual flow. Unfortunately, subjective patient evaluation
of volume is largely inaccurate. Less than half of patients
with a convincing complaint of menorrhagia actually
fit the technical definition of greater than 80 ml of blood
loss.

Numerous techniques have been used to quantify
menstrual blood loss. Unfortunately, there is no correla-
tion between the number of pads or tampons used and
the amount of blood loss. Objective approaches, such as
alkaline hematin extraction, are the gold standard.” Of
the subjective approaches, pictorial blood loss assessment
charts are the most promising, with 88% sensitivity,
although the false-positive rate is 59%.°
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It has also been argued that the common, objective
definition of menorrhagia may actually have little rel-
evance. Women whose menstrual blood loss is measurably
greater than 80 ml have a similar rate of menstrual com-
plaints and of anemia as women with less than 80 ml.
Thus, the 80 ml cutoff, which was derived from a statistical
definition of normal, is a poor predictor of clinical end-
points. Evidence suggests that a cutoff of 120 ml would
be significantly more predictive of anemia; however, such
a high cutoff has not been widely used in studies.”

Despite these caveats in defining abnormal uterine bleed-
ing, much valuable information has been compiled on vari-
ous epidemiologic factors that are related to this condition.

PREDISPOSING CHARACTERICS
Adolescence

Abnormal uterine bleeding is experienced by almost
three-quarters of women in their early teenage years.” It is
the most common cause of hospital admission for young
women. In 46-95% of these cases, anovulation is identi-
fied as the main etiology.'” In up to one-third of cases the
menorrhagia has been attributed to coagulopathy.

Anovulation in teenage girls is typically related to
inadequacy of the ovulation trigger due to an immature
hypothalamic—pituitary—ovarian axis."” The resulting
greater length of estrogen stimulation unopposed by ovu-
latory progesterone predisposes to menorrhagia. This pri-
marily endocrinologic problem responds to medical
management in over 90% of cases.'* Despite the high rate
of abnormal uterine bleeding in adolescent girls, rarely
does surgical intervention become necessary.'?

Anovulation is more likely if menarche occurs late.
When menarche is prior to age twelve then half of cycles
are ovulatory, while menarche after age twelve portends
less frequent ovulation in the first year following menar-
che. Within three years postmenarche three-quarters of
cycles are ovulatory. The woman’s normal cycle length is
established by the sixth year postmenarche.'
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Previously undiagnosed coagulopathy is another lead-
ing finding in adolescents with menorrhagia. Whereas
most other causes of menorrhagia are acquired later in
life, coagulopathy causes menorrhagia starting at menarche.
At least 65% of women with menorrhagia related to
coagulopathy will report menorrhagia dating back to menar-
che, while only 9% of women with menorrhagia not caused
by coagulopathy will give this history (p = 0.001)."

With increasing physician awareness, coagulopathy is
unlikely to remain undiagnosed in women beyond their
adolescent years. Thus, the prevalence of undiagnosed
coagulopathy is greatest (45%) in girls who present with
heavy bleeding with their first period. In girls presenting
in the years just after menarche, coagulopathy explains
20% of cases. Additionally, the prevalence of coagulopathy
in this group is inversely related to hemoglobin levels.'®

The most common coagulopathies are von Wille-
brand's disease and factor XI deficiency, occurring in 13%
and 4%, respectively, of women presenting with unexplained
menorrhagia.'”'® Factor X deficiency and heterozygosity
for hemophilia were each found in less then 1%."

Among 15-19-year-old girls in the USA, the preg-
nancy rate is 4.1%."” Pregnancy must be kept in mind as
a possible cause of abnormal bleeding in this age group.

Perimenopause

The perimenopausal transition is associated with a greater
occurrence of abnormal uterine bleeding. The incidence
of menorrhagia is significantly increased over the age of
40 years.””

A typical finding is menorrhagia in conjunction with
oligomenorrhea. This is most commonly due to anovula-
tion paired with increased estradiol levels.”! The abnormal
bleeding in this group is associated with an increase in
endometrial hyperplasia and its associated risks of endo-
metrial cancer.”

Menopause

Uterine bleeding of any amount in menopausal women
not receiving hormone replacement should be considered
abnormal. When this occurs, endometrial cancer must be
suspected. In a study of 245 women undergoing dilata-
tion and curretage for postmenopausal bleeding, one-
quarter had either endometrial carcinoma or hyperplasia
with atypia. Obesity, nulliparity, and age over 60 years old

each increased the risk.??

Fibroids

The presence of fibroids has long been associated with
menorrhagia.?* The cause of this relationship has been

conjectured to involve an overall enlargement of the uter-
ine cavity, changes in venous blood flow, and disruption
of normal prostaglandin function.”

Surprisingly, fibroid size is not predictive of menor-
rhagia. However, a submucosal location of fibroid
does have a strong association with the presence of men-
orrhagia.”®

Obesity

Body weight has been linked with anovulation, a caus-
ative factor in abnormal bleeding. A body mass index
(BMI) of >27 kg/m2 more than triples the risk.” This link
is, at least in part, due to the tendencies toward both
obesity and anovulation that are seen with polycystic
ovarian syndrome.

Although abnormal bleeding in any woman may cause
concern regarding the possibility of endometrial cancer,
this is a heightened concern when the woman is also over-
weight. Obesity is known to significantly increase the risk
of endometrial cancer.”®

In contrast, low body weight predisposes to cessation
of menstrual flow. Athletes have secondary amenorrhea
rates as high as 21%. The likelihood is directly related to
decreasing body weight.”’

Tubal sterilization

There is a large body of evidence that the incidence of
hysterectomy is greater following surgical tubal ligation.
This has been attributed to changes in utero-ovarian cir-
culation that lead to an increase in menstrual abnormali-
ties, which in turn lead to hysterectomy. However, numerous
confounding factors may be present. Tubal sterilization
implies completion of family, a situation that would
greatly increase the likelihood for selecting hysterectomy.
Additionally, since these women have chosen a surgical
approach to contraception, they may have a more favor-
able attitude toward surgery in general. Furthermore,
most controls are presumably utilizing another form of
contraception, which, in the case of oral contraceptives
or injectable progestin, have an ameliorating affect on
menorrhagia.

The greatest association between tubal ligation and
menstrual disorders was in women who underwent tubal
ligation prior to 30 years old.** In contrast, a more recent
study of almost 10000 women was able to correct for the
confounding effect of oral contraceptives by utilizing
controls whose male partners have been sterilized. Inter-
estingly, it was found that tubal sterilization decreased the
amount and length of menstrual blood loss as well as its
associated pain. However, the risk of cycle irregularity did
increase with tubal ligation.”’
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Coagulopathy

The prevalence of coagulopathy as a cause of abnormal
bleeding is discussed in relation to adolescence earlier in
this chapter. The converse — i.e. the prevalence of abnormal
uterine bleeding in women with known coagulopathy — is
addressed here.

Menorrhagia is over twice as likely to occur in women
who carry an inherited coagulopathy. The highest prevalence
of menorrhagia (78%) is among women with von Wille-
brand’s disease. Menorrhagia is less common in women with
factor XI deficiency and carriers of hemophilia; under 60%
can be objectively demonstrated to have menorrhagia.*

EPIDEMIOLOGIC FACTORS IN
TREATMENT CHOICES

Interestingly, multiple unrelated factors play a role in
determining treatment of abnormal uterine bleeding.
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Practical assessment and
measurement of abnormal uterine

bleeding

lan S Fraser, Pamela Warner, and Hilary OD Ciritchley

BACKGROUND

Abnormal uterine bleeding (AUB) is one of the common-
est presenting symptoms and signs in gynecology, and has
been recognized as such since ancient times. In centuries
past, medical writings make it clear that the majority
of women presenting to a physician with a menstrual
bleeding problem did so with acute and severe uterine bleed-
ing." This symptom is variously described by medieval
and ancient writers as excessive flooding, an overflowing
of the courses, inordinate flowing, the immoderate flux,
and so on. These physicians were dealing with a problem
which was not only a serious social disturbance, but one
which frequently led to the medical consequences of
severe iron deficiency, anemia, and rarely, even death by
exsanguinations.’

It is only within the past half century or so that surgi-
cal and medical management have become so effective
and safe that lesser degrees of severity of abnormal uterine
bleeding have gained much greater importance. In the
1960s and 1970s hysterectomy for benign gynecologic
disease became very common in countries like the USA
and Australia, and many of these women had presented
with a complaint of heavy menstrual bleeding. Yet it soon
became clear that individual women found it very diffi-
cult to assess the volume of their menstrual loss, and had
noabsoluteyardstickagainstwhich to make comparisons.>*
These women sometimes even had difficulty in assessing
changes in volume of menstrual blood loss from one day
to the next.* Nevertheless, when well counseled, many
women were able to give a fairly accurate overall picture
of their loss.”

As the social status of women in westernized society
has changed, and many young women compete with men
for demanding professional jobs, there is decreasing occu-
pational flexibility for the woman with severe, recurrent
menstrual symptoms, whether they be heavy bleeding,
prolonged bleeding, frequent bleeding, or menstrual pain.
The associated symptom complex accompanying heavy
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bleeding, comprising headaches, extreme lethargy, drag-
ging pelvic ache, backache, diarrhea, abdominal bloating,
etc., compounds the social and occupational interference.®
These symptoms still constitute the commonest cause of
days lost from the female workforce, and young women
are necessarily becoming much less tolerant of these phe-
nomena. There is an increasing demand in many coun-
tries for a ‘bleed-free’ existence from young women until
such time as they start to plan for a family.”

In these times of changing importance and tolerance
of menstrual symptoms, there is still a real need for an
understanding of the actual menstrual experience of each
woman, which may lead to the initial menstrual complaint.
This should be put in social and medical context against
a background of increasing precision in pelvic imaging
and other investigations,®” for detection of underlying
causes, and an increasing range of options for medical and
surgical management. In order to make good choices, a
modern woman needs to have good information about
what her menstrual experience means and what sequelae
she may encounter if the symptoms progress.

OTHER FEATURES OF MENSTRUAL
COMPLAINT

In some women the flow is lost from the uterus in a vari-
able continuous discharge through the cervix, but in the
majority it is lost in ‘gushes’ of varying volume. It seems
that the uterine cavity tends to fill with blood, fluid, and
cell debris while the myometrium is relaxed, and then
when a contraction occurs, the contents are expelled into
the vagina. Transvaginal ultrasound’ can give a valuable
picture of the changes in blood in the uterine cavity, if
timed appropriately. Mostly, these little gushes are of a
volume around 0.5-1 ml, but in women with excessive
bleeding we have measured, on ultrasound scan, a uterine
cavity volume of up to 28.5 ml immediately before a
uterine contraction, and a ‘large gush” around the vaginal
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ultrasound probe. These gushes are presumably mainly
responsible for the ‘accidents’ and ‘floodings’ which
women with excessive bleeding commonly report. A sudden
uterine contraction expelling a volume of around 30 ml
will be a substantial test of the absorbent quality of the
best and largest menstrual pads and tampons! This phe-
nomenon is the assumed cause of what the menstrual
hygiene product manufacturers rather quaintly call ‘prod-
uct failure’ Repeated ‘accidents’ and ‘floodings’ of this
type appear to be significant contributors to a woman's
perception of her menstrual loss as heavy, or exceedingly
heavy.

These ‘patterns of loss’ may be very important for the
individual woman and her perception of the problem.
The ‘menstrual shape’, where the variation in heaviness of
flow from day to day is recorded, is very poorly researched.'”
It is not known how this affects individual women. Vari-
ation in menstrual flow from one period to the next may
sometimes be considerable in women with heavy
periods,'"'? and variable menstrual patterns are more
common than regular."

Perception and tolerance may be important facets of
the likelihood of clinical presentation. A minority of
women with excessively heavy bleeding may be highly
tolerant of the clinical problem, and may even record
their loss as ‘light’.> They have no ‘yardstick! In Hall-
berg’s landmark study,” 11% of women who perceived
their loss as ‘light’ actually had measured blood loss greater
than 80 ml, while 27% of those with a complaint of heavy
menstrual loss had a measured blood loss in the lower
part of the normal range.

Women with a tendency to depression appear more
likely to complain if the periods are difficult to manage,
and in the past a high proportion of these women came
to hysterectomy.'® Fastidiousness with personal hygiene
may influence complaint. We have seen a woman who
gave a convincing history of heavy menstrual bleeding
with many ‘saturated” tampons, and on testing of the 52
tampons which she used in one period, the total volume
of contained blood was 9 ml!" Perceived change in the
pattern of menstrual flow is important, and may be asso-
ciated with a fear of cancer.

The use of modern highly absorbent gel pads appears
to greatly influence women’s awareness of the heaviness
of their periods, and this may be an important aspect of
future complaint, or lack of complaint.

ALTERNATIVE MEASUREMENT
TECHNIQUES

It is clear from some of the earlier discussion that objec-
tive assessment of the menstrual loss of an individual

patient is very difficult, yet ‘complaint’ of heavy bleeding
is very common. Many of these women will admit, on
close questioning, that they perceive their bleeding as
heavy, but not excessively heavy, but they still perceive it
as a problem."” Many of these women have perceived a
change in their pattern of flow.

Memory of menstrual events is highly fallible and a
simple prospective daily diary recording of bleeding
patterns'®'” often provides a very different perspective
from the original case history. We generally recommend
a simple calendar with the possibility to record the
patient’s perception of her daily variations in flow. This
gives an instant assessment of regularity and pattern of
flow with changes over time.

STRUCTURED AND UNSTRUCTURED
HISTORY

History taking as a component of assessment of men-
strual bleeding complaint has been addressed in the UK
National Institute for Health and Clinical Excellence
(NICE) Guideline for management of heavy menstrual
bleeding.'® In that document history taking aims to
‘define the presenting condition as one of heavy men-
strual bleeding, determine the problems that it is causing
the woman and detect symptoms that may indicate sig-
nificant pathology’. The Guideline Development Group
were unable to identify an evidence base relating to his-
tory taking from women with menstrual bleeding com-
plaint and thus commentary was limited to discussion
within the Guideline Development Group.'® They con-
sidered there to be three main areas of inquiry: the nature
of bleeding, symptoms indicative of possible pathology
(pain and pressure effects), and features that may direct
treatment strategies (concerns, expectations, and needs).
Importantly, the Guideline Development Group flagged
‘non-menstrual bleeding’ as an important feature to elicit.
For example, intermenstrual bleeding and postcoital
bleeding may be symptoms indicative of female reproduc-
tive tract cancer and thus necessitate specific targeted
investigation."” The concept of taking a structured men-
strual history is not discussed, although recommended
areas of inquiry during history taking for heavy menstrual
bleeding are provided.'®

The routine clinical assessment of volume of men-
strual flow is particularly difficult, but precision from
clinical assessment can be improved by consideration of
structured questioning. These potentially valuable ele-
ments of a structured history were developed from an
expert international working group (gynecologists, endo-
crinologists, and other scientists) who met in Washington
in 2005 to review the inconsistencies and confusion of
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terminologies around abnormal uterine bleeding,””*' but
also to consider a range of important approaches to intro-
ducing consistency of assessment (Table 5.1).

Semi-quantitative assessment scales

A pictorial blood loss assessment chart (PBAC) provides
an indirect method of evaluation of menstrual bleeding
experience, but recording with such tools is highly vari-
able. The format that has received most attention is that
originally described over 15 years ago by Higham et al.**
This study compared measurement of menstrual blood
loss (MBL) by the alkaline hematin method® with PBAC
scores. A PBAC score of >100 compared with MBL >80 ml,

Table 5.1
menstrual history needing to be broadly quantified (or other-

Potentially important elements of a structured

wise assessed) in women presenting, in specialist clinical
practice, with a complaint of abnormal uterine bleeding, as
considered by a group of experienced clinicians meeting in
Washington in 20052

Duration of flow

Frequency of bleeding

Regularity of bleeding

Intermenstrual bleeding

Postcoital bleeding

Overall volume assessment and specific questioning:
* number of sanitary towels per period

* use of two towels simultaneously

* use of incontinence pads or ‘nappies’

* frequency of changing during full flow
* size and number of ‘clots’

* soaking of clothing

* frequency of changing at night

Recent changes in menstrual pattern
Possibility of hemostatic disorder:

* bleeding during dental work

* postpartum bleeding

e excessive bleeding since menarche

* history of very easy bruising

History of anemia or iron supplementation

Influence of bleeding on personal daily activities, working
capacity, physical activities, leisure activities, sex life

Influence of co-morbidities (e.g. pelvic pain, premenstrual
symptomatology); medications

with a good correlation (r = 0.847), sensitivity (86%),
and specificity (89%). The recent UK NICE Guideline
on Heavy Menstrual Bleeding'® pointed out that, despite
there being data available from six diagnostic and obser-
vational studies, meta-analysis was not possible due to the
heterogeneity of the various study populations. The
guideline has usefully summarized the evidence available
on use of pictorial PABCs."® The clinical recommenda-
tion was that measurements of MBL, either directly by
the alkaline hematin method or indirectly with PBAC,
were not endorsed.” An informed history from the
women herself was considered essential. Janssen et al.”
have also described a potentially useful visual assessment
which they have indicated is a reasonable discriminator
between women with heavy bleeding over 120 ml per
month and those with ‘normal’ loss.

Objective measurement of menstrual blood loss

Attempts have been made to measure actual volumes of
MBL per month by individual women since the 1930s.*
Most of these techniques have relied upon the meticulous
collection of all sanitary towels and of the ‘clots” and fluid
which might have been lost in the shower and toilet, and
then application of some specific laboratory technique to
measure the amount of hemoglobin present. The gold
standard of these methods rapidly became the alkaline
hematin technique of Hallberg and Nilsson,” and this
allowed the first large-scale population studies of monthly
blood loss in normal menstruating women.>*

The only serious attempt to measure blood loss using
a totally different principle utilized an intravenous injec-
tion of an accurately known quantity of radioactive chro-
mium-labeled red cells.”” Whole body radioactivity
counting was carried out before and after the menstrual
period. The principle appeared sound, but significant dif-
ficulties arose in interpretation, and routine use of radio-
actively labeled red cells would nowadays be ethically
difficult.

The alkaline hematin technique has been applied to a
large number of subsequent research studies, although
most investigators have been aware of the potential for
bias through loss of some blood and clots down the toilet.
An important basis for the accuracy of this technique has
been the thorough counseling of subjects in ways to min-
imize the extraneous loss.* Wyatt et al.?® have demon-
strated that this may sometimes be substantial, and does
not usually correlate with the absolute measured loss in
that period. Overall, their menstrual pictogram correlated
reasonably well with the alkaline hematin method.

It has been suggested by others® that the failure to
assess total blood loss could systematically underestimate
the proportion of women with heavy bleeding. This does
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not seem to be the case in practice, but there does seem
to be a small group of women who will sometimes lose
significant amounts of blood in the toilet. The original
population studies did not take extraneous blood loss into
account®® and upper limits of normality were based on
these volumes as they related to declining hematologic
parameters. Hence, the absolute upper limit of measured
blood loss might have to be redrawn if a reliable means of
estimating extraneous blood loss is devised. In the mean-
time, in research studies it is critical to counsel volunteers in

ways of minimizing blood loss in the shower and toilet.

RESEARCH COMPARISONS

There is a need for doctors to define what they want to
measure when assessing menstruation or AUB, whether it
be regularity, unexpected episodes, cycle frequency and
duration, menstrual flow duration, menstrual ‘shape’,
blood loss volume, or total menstrual fluid volume.
Most of the parameters of regularity, frequency, and
duration can be accurately measured by daily diary record-
ing, provided that the woman is motivated to undertake
prospective daily recording. However, the diary approach
has limited value in determining volume of blood or fluid
loss, or menstrual ‘shape’.”” If the doctor wishes to study
volume, a decision needs to be made whether this should
be total fluid, total blood, or daily changes in volume
(‘shape’) of loss. Assessment in routine clinical practice will
have different requirements from research assessment.
The alkaline hematin technique, first described by
Hallberg and Nilsson,” is generally taken to be the gold
standard for research assessment of the volume of MBL
although there are a number of criticisms of this tech-
nique, as discussed above. First, the accuracy of the
method is dependent on the ability of the woman to
meticulously collect all the menstrual flow, including
clots and fluid which may be lost down the toilet and in
the shower.”® Secondly, it only measures the blood com-
ponent of the menstrual loss, which may constitute much
less than 50% of the total loss, the remainder comprising
an endometrial transudate and other genital tract
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Pathogenesis of abnormal uterine

bleeding

Malcolm G Munro and Ian S Fraser

DEFINITION OF ABNORMAL UTERINE
BLEEDING

The diagnosis of abnormal uterine bleeding (AUB)
implies that a visual examination of the lower reproduc-
tive tract has determined that bleeding is emanating from
the uterus itself and/or that there are no lower tract, peri-
anal, or periurethral lesions that may be responsible for
the patient’s complaint. The definition of AUB varies
with the reproductive status of the individual; for pre-
menarcheal girls and postmenopausal women, any spon-
taneous uterine bleeding is abnormal, while for women of
reproductive age, when cyclical bleeding is the norm,
abnormal variations in frequency, cycle length, and dura-
tion and rate of menstrual flow are individually or col-
lectively the features that define AUB. Finally, AUB may
occur in the context of the use of local or systemically
administered gonadal steroids or other pharmacologically
active agents that impact the endometrium directly, or, in
reproductive-aged women, as the result of their interac-
tion with the hypothalamic—pituitary—ovarian axis.

The nomenclature relating to AUB has been thor-
oughly discussed in Chapter 3. To reiterate, clinicians
and investigators use a variety of terms to describe disor-
ders of menstrual bleeding, often commingling a variety
of descriptive and diagnostic terms and phrases. The fact
that similar terms are used in different ways in different
countries and even by different gynecologists within a
single practice setting has confounded both the design
and interpretation of clinical investigation in this arena.'
As a result, the simplified nomenclature discussed previ-
ously will be used to facilitate discussion about the defini-
tions and symptoms of AUB. These definitions generally
use the 5th and 95th centiles to discriminate between
normal and abnormal menstrual function.

In the reproductive years, following menarche, cyclic
ovulation results in the onset of menstrual periods every
24-38 days.””> While there is variation between women,
this cycle length in a given individual should remain rea-
sonably constant. As a result, an individual who has vari-
able onset between 22 and 35 days, for example, would
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be considered to have AUB based on irregular timing of
the onset of menses.® Women who have cycle lengths less
than 24 days have menses that are too frequent, a type of
AUB that has, in the past, been termed ‘polymenorrhea’.
At the other end of the spectrum is ‘oligomenorrhea’,
which describes women who bleed but for whom the
interval between onsets of menses is greater than 38 days.
The upper limit for this interval is 6 months, after which
the woman is deemed to have amenorrhea. The 5th and
95th centiles for menstrual duration of menses are 4.5
and 8.0 days, respectively. Consequently, women who
bleed fewer than 4.5 days or more than 8.0 days may be
said to have shortened or prolonged menses, respectively
— another parameter that defines AUB.

Finally, perhaps the most controversial defining
parameter of AUB is the volume of bleeding, which has
been investigated rather extensively on a research basis, >’
but which also has the least applicability to the clinician
‘in-the-field” who is without the means to quantify this
variable. The normal range is 5-80 ml; less than 5 ml per
month could be defined as ‘light’ bleeding, while volumes
over 80 ml are called ‘heavy menstrual bleeding’ and are
associated with depletion of iron stores.”*

For three of the four variables described above — cycle
length (frequency), predictability, and duration — AUB
may be primarily considered to be a symptom, provided
the clinician determines that the bleeding indeed ema-
nates from the endometrial cavity, including the endocer-
vical canal. The fourth variable, is, in essence a laboratory
finding that distinguishes among women who have less
than normal, normal, or greater than normal menstrual
volume. Collectively, this group of women could be said
to have AUB secondary to abnormalities of the normal
menstrual process.® This process has been called ovulatory
dysfunctional uterine bleeding (DUB), and even though
the term is not always satisfactorily defined,' it will be
used in this chapter to denote the group of women with
AUB who have ‘excessive bleeding of uterine origin
(excessively heavy, excessively frequent or excessively pro-
longed) which is not due to complications of pregnancy

or to recognizable pelvic or systemic disease’.”"
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Another group of women with AUB are those who
have bleeding between their menses. Such women may be
said to have intermenstrual bleeding, which may occur
either spontaneously or following contact such as occurs
with sexual intercourse or the placement of pessaries or
vaginal contraceptive devices.

The final group of women with AUB are those who
bleed in association with the use of gonadal steroids, usu-
ally for contraception, but often for other reasons such as
treatment of disorders that manifest as AUB. In most

instances this bleeding is called ‘breakthrough bleeding’.

PATHOGENESIS OF ABNORMAL UTERINE
BLEEDING

Composition of the menstrual flow

The menstrual flow has only been studied in a limited
manner and only to a minimal extent using modern labo-
ratory research technologies. It clearly contains some of
the elements of whole blood, with red cells and leukocytes
(especially polymorphonuclear leukocytes), but virtually
no platelets.'" Assessment of the hemoglobin content
makes it clear that it is composed of very dilute blood,
and the ‘whole blood’ content appears generally to vary
between 30 and 40%, with the remainder probably being
made up of an endometrial transudate.'” In women with
heavy menstrual bleeding, the mean whole blood compo-
nent increases to around 50%."

The menstrual flow is greatly deficient in platelets and
clotting factors,'" but fibrin monomer fibers can be recog-
nized under the electron microscope even if a true blood
clot with mature fibrin does not form. The apparent
blood ‘clots” which many women observe in their men-
strual flow are aggregations of red cells held together
loosely by mucinous proteins.' These tend to become
more prominent when the bleeding is heavier. Endo-
metrial tissue fragments are usually recognizable in the
flow, although their composition varies greatly from
clumps of histologically typical endometrial glandular
and stromal tissue through viable single cells to non-via-
ble and unrecognizable tissue fragments and cellular
material."" The larger tissue fragments tend to start
appearing in the menstrual flow around 12 hours after the
onset of bleeding. The cellular content of the flow has not
been well studied, and there is limited information on the
day-to-day changes in composition.

Various other substances, such as enzymes, protein
degradation products, and reproductive hormones,'"'*1>
have been measured in menstrual blood by a limited
number of investigators, but these data have shed little

light on aspects of AUB.

Mechanisms of abnormal uterine bleeding

Abormal uterine bleeding secondary to
disorders of hemostasis

Disorders of hemostasis seem to be far more common
that generally recognized. Von Willebrand's disease was
found in 10.7% of women with ‘menorrhagia’ in a case-
control study by the Centers for Disease Control and
Prevention in the United States,?® a number much lower
than the 17% and 34% with disorders of hemostasis
recently reported from the UK and Sweden, respectively,
but nonetheless higher than previously perceived.”* In
each instance, the vast majority of cases were von Wille-
brand's disease, a diagnosis that may be increasing, at
least in part, because of a greater understanding of the
requirements for diagnosis of different variants of this
condition.

Three variants of von Willebrand’s disease are now
recognized; the majority (60-80%) are a mild form (type 1),
which is commonly overlooked and can only be diag-
nosed with certainty with repeated specialized testing for
von Willebrand's factor levels.’’# Type 2 disease is a
quantitative defect that way not manifest with clotting
impairment; but may solely manifest with bruising or
heavy menstrual bleeding. These individuals typically
have vWF levels that are 10-45% of normal. The severe
form (type 3), with major deficiency of von Willebrand’s
factor, usually leads to serious bleeding with mild injury,
first noted in childhood, and excessively heavy menstrual
bleeding from the menarche onwards. The three different
types of von Willebrand's disease are probably determined
by different genes.

Excessively heavy menstrual bleeding is also a com-
mon feature of other disorders of hemostasis such as
thrombocytopenia, the thrombocytopathies (such as
Glanzmann disease), and rarer deficiencies of factors II,
V, VII, VIII, IX, X, XI, and XII.>> Heavy bleeding also
occurs in some women on anticoagulant drugs, and occa-
sionally this may be severe.

Abnormal uterine bleeding with demonstrable local
pelvic pathology or disturbed endometrial function

Leiomyomas  The cause of bleeding associated with leio-
myomas remains an enigma. It is clear that the majority
33 and it is generally
accepted, but not proven, that those myomas that cause
bleeding are those situated near or adjacent to the endo-
metrium or those that otherwise distort the endometrial
surface area. There is evidence that the endometrium
overlying myomas is noticeably thinner and more vascu-
lar than in parts of the uterus where there is no underly-
ing myoma’®® but the significance of this finding is unclear.

of myomas are asymptomatic,
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Although a leiomyoma-induced increase in endometrial
surface area has been reported in the past, it is apparent
that abnormal bleeding may also accompany the presence
of relatively small leiomyomas or those that do not distort
the endometrial cavity.”

In some women, dilated thin-walled and rather fragile
blood vessels are visible on the surface of submucous
myomas. The search for biochemical mechanisms of
leiomyoma-associated uterine bleeding has demonstrated
the capacity of myoma smooth muscle cells to release
angiogenic and growth factors, such as vascular endo-
thelial growth factor (VEGF), basic fibroblast growth
factor (bFGF), and transforming growth factor beta
(TGE-B),?® as well as plasminogen activators and inhibi-
tors. Leiomyoma MMP-11 activity has been demon-
strated to be two-fold greater than that of normal
myometrium, but MMP-1 and MMP-3 remain
unchanged. The relationship of these findings to myoma-
related AUB remains unclear.”’

Endometrial polyps  These polyps are common but rather
mysterious lesions whose origins are very poorly under-
stood.®’ Tt is generally assumed that they arise because a
limited portion of endometrium fails to be shed at men-
struation, and that this tissue continues to proliferate each
month. On the other hand, some polyps may arise because
of abnormal proliferation of a group of cells in the basal
layer of endometrium — tissue which is not susceptible to
menstrual breakdown and shedding. Endometrial polyps
usually have a single artery as blood supply, and this can
often be clearly demonstrated on ultrasound scan.

Many polyps are symptomless, but others may be
associated with a history of increased volume of bleeding,
or of irregular light bleeding (which may be intermen-
strual or premenstrual). Symptoms usually improve fol-
lowing surgical excision of the polyps, but the actual
mechanisms of polyp-associated AUB are unclear. Some
polyps undergo patchy surface necrosis, and others can be
seen to have prominent thin-walled surface vessels, which
may result in erratic light bleeding, but mechanisms of
heavy bleeding are unknown.

Adenomyosis  This condition is typically said to cause
heavy menstrual bleeding, perimenstrual pain, and pelvic
tenderness (such as deep dyspareunia), but many cases are
asymptomatic and others are associated with endometrio-
sis, uterine myomas, or endometrial hyperplasia.*' Hence,
the actual association of symptoms with the adenomyosis
is uncertain, which makes the study of the mechanisms of
symptom generation very difficult.

Adenomyosis is an estrogen-dependent disease,** like
many benign and malignant gynecologic pathologies,
and polymorphisms have been detected in the estrogen

receptor alpha gene in adenomyosis. Additionally, adeno-
myosis tissue has been shown to contain progesterone
receptors, as well as the capacity to synthesize its own
aromatase and sulfatase enzymes. This combination of
functions almost certainly contributes to the growth and
function of the abnormal tissue.

Magnetic resonance imaging has demonstrated that
disruption of the endometrial-myometrial interface and
disorganization of the uterine junctional zone may play
an integral role in the pathogenesis of adenomyosis. Dis-
ruption of the normal cycle-dependent contraction waves
of the junctional zone have been linked to dysmenorrhea
and heavy menstrual bleeding.”

Arteriovenous malformations  These lesions have typically
been associated with episodes of acute and excessively
heavy bleeding, sometimes but not always coinciding
with menstruation. In the past, hysterectomy was the
usual treatment, demonstrating coils of distended and
thin-walled vessels in the myometrium and endometrium.
Bleeding is assumed to have occurred from the superfi-
cial, thin-walled and possibly fragile vessels. Nowadays,
these lesions are diagnosed on a regular basis in women
with acute episodes of bleeding through the use of trans-
vaginal ultrasound scanning incorporating a Doppler
facility. Many of these lesions occur following curettage
for retained placental tissue, and resolve spontaneously
with time; their mechanisms are unknown.

Infection  Chronic low-grade infection of the ectocervix
or endocervical infection with chlamydia or gonorrhea
typically lead to unpredictable episodes of light intermen-
strual or postcoital bleeding, presumably from abnormal,
fragile surface vessels on these surface lesions in the lower
genital tract. Chronic endometrial infection may be asso-
ciated with similar symptoms, but sometimes may cause
recurrent and excessively heavy menstrual bleeding.
Mechanisms of such bleeding are uncertain, but again,
may be associated with the distended thin-walled,
fragile vessels caused by inflaimmation and abnormal
angiogenesis.

Abnormal uterine bleeding without
a demonstrable mechanism
(dysfunctional uterine bleeding)

Dysfunctional uterine bleeding may occur either in the
context of ovulatory cycles (ovulatory DUB) or in asso-
ciation with an anovulatory or mostly anovulatory state
(anovulatory DUB), each of which is unrelated to
structural abnormalities of the genital tract but which
may exist in the presence of asymptomatic structural
anomalies such as small endometrial polyps or subserous
leiomyomas.'®
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Ovulatory

Ovulatory DUB appears to occur when there is loss of
local control of the mechanisms which normally limit the
volume of blood lost during menstrual tissue shedding,
primarily the processes of vasoconstriction and hemosta-
sis. This could be termed a primary endometrial disorder
of bleeding. There is now extensive evidence for distur-
bances of a range of endometrial molecular mechanisms
in women with a convincing complaint of heavy men-
strual bleeding.'®'" These include endothelin expression,
prostaglandin secretion and binding, fibrinolytic activity,
platelet function, heparin-like activity, lysosomal enzymes,
VEGF, and MMPs. There are significant, but subtle,
disturbance of vascular morphology with ovulatory DUB,
such as increased endometrial endothelial cell prolifera-
tion, and reduced proliferation and differentiation of vas-
cular smooth muscle cells around spiral arterioles' with
minor abnormalities of the morphology of endometrial
and myometrial veins.*

Several disturbances of prostaglandin metabolism and
binding have been demonstrated,'®" including an
increase in total prostaglandin synthesis and release with
adisproportionate rise in PGE, compared with PGF,0.. %%
The synthetic capacity for PGI, is increased,”” and the
binding sites for PGE, and PGI, are increased. PGE, and
PGI, are vasodilatory PGs in the endometrium, and PGI,

Table 6.1

is the most potent natural inhibitor of platelet aggregation.
Reduced levels of endometrial endothelins may also lead
to less vasoconstrictive activity in menstrual endometrium
of women with heavy menstrual bleeding,* and increased
synthesis of heparin-like activity may contribute.*” Recent
demonstration of reduced levels of VEGF-A and the
matrix metalloproteinases MMP-2 and MMP-9, and ele-
vated TNF- in the menstrual endometrium and the dis-
charge from the uterus in women with heavy menstrual
bleeding, is an indication that a range of endometrial
regulatory molecules may be involved in abnormal
bleeding.”

Enhanced fibrinolysis, through increased endometrial
levels of tissue plasminogen activator, may greatly impede
the attainment of local hemostasis and has been demon-
strated in women with ovulatory DUB,**>!
normal menstrual volumes when antifibrinolytic agents
are employed.’”

Recent research has begun to focus on the activation
of specific genes that may be associated with AUB.
A novel gene called ‘endometrial bleeding-associated
factor’ (ebaf, also known as LEFTY-A) is transiently
expressed in normal endometrium at menstruation and
much more strongly expressed in AUB.”® This gene is
located on chromosome 1 and codes for a member of the
TGEF-f super-family. The concept of multigene activation
patterns is now being explored as a possible explanation

who revert to

Suggested normal limits for menstrual parameters in the mid reproductive years

Clinical dimensions of menstruation and
menstrual cycle

Descriptive terms

Normal limits (5th—95th percentiles)

Frequency of menses (days) Frequent <24,
Normal 24-38
Infrequent >38
Regularity of menses (cycle-to-cycle variation Absent -
over 12 months; in days)
Regular Variation *2 to 20 days
Irregular Variation greater than 20 days
Duration of flow (days) Prolonged >8.0
Normal 4.5-8.0
Shortened <4.5
Volume of monthly blood loss (ml) Heavy >80
Normal 5-80
Light <5

Based primarily on References 3, 5, 7, and 65.



38 Modern Management of Abnormal Uterine Bleeding

for complex functional disturbances of the type exempli-
fied by ovulatory DUB.

Anovulatory

The mechanisms involved in anovulatory DUB are sys-
temic in nature, although local hemostatic mechanisms
may be rendered deficient secondary to the absence of
cyclical production of progesterone and the related bio-
synthesis of prostaglandins and other regulatory sub-
stances necessary to control blood loss. In addition, the
absence of ovulation makes the bleeding unpredictable, a
circumstance that can negatively affect the woman’s life-
style due to the constant concern about unexpected
bleeding. Finally, anovulatory DUB creates an endocri-
nologic endometrial milieu of unopposed estrogen,
known to facilitate the development of endometrial
hyperplasia and endometrial adenocarcinoma, with their
thin-walled, tortuous, fragile and superficial endometrial
vessels.”*® The etiology of anovulation in any given
woman may range from immaturity of the hypothalam-
ic—pituitary—ovarian axis, frequently seen in perimenar-
cheal girls with failure of maturation of the positive
feedback response to estradiol,” through a number of
entities that are known or suspected of impacting on the
normal function of the hypothalamic—pituitary—ovarian
axis. The secondary endometrial mechanisms leading to
abnormal bleeding probably include effects of unop-
posed estrogen on uterine vascular tone,’®
VEGF expression with disturbed angiogenesis,” dis-
turbed prostaglandin synthesis®® and increased NO pro-
duction.” Polycystic ovarian syndrome is perhaps the
most common entity and may sometimes result in
anovulatory DUB. Hyperprolactinemia and hypothy-
roidism are endocrinopathies that typically result in ano-
vulation. Untreated hypothyroidism causes anovulation
that is typically manifest as amenorrhea, but may occa-
sionally, and especially in older women, be associated
with heavy, prolonged and unpredictable bleeding.®!
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Hyperprolactinemia also commonly causes anovulation,
but this virtually always results in amenorrhea.

Manifestations of abnormal uterine bleeding

It is recognized that the available literature has not for-
mally distinguished between acute and chronic AUB in
non-pregnant women. It is recommended that chronic
AUB be defined as bleeding from the uterine corpus that
is abnormal in volume, regularity, and/or timing and
which has been present for at least 3 months. Chronic
AUB would not require urgent or emergent intervention.
Acute AUB, on the other hand, is AUB that, in the opin-
ion of the clinician, is of sufficient volume to require
urgent or emergent intervention. Acute AUB may
present as a sudden and excessive episode in the context
of existing chronic AUB or might occur without a recent
history of chronic abnormal uterine bleeding. Women in
the reproductive years with acute AUB require unique
interventions, but their follow-up care may largely
be dependent upon whether or not they require inves-
tigation and ongoing care for an underlying chronic
condition.

Relatively little attention has been given to study of
the natural history of different types of AUB, because
active treatment is usually requested and many women
end up with various types of surgical intervention. In the
past, many women underwent hysterectomy for a range
of benign causes of AUB, but these major surgical pro-
cedures are declining substantially in many countries.®**4
Nowadays, many women will use long-term combined
oral contraceptives or the levonorgestrel intrauterine sys-
tem for many years. Consequently data on the likelihood
of natural ‘cure’, the likelihood of gradual progression, or
the likelihood of recurrence after treatment are mainly
anecdotal for most different types or causes of AUB.
There is, nevertheless, strong belief that most types of
AUB will persist or progress if not treated or will recur
after short-term medical treatment.

1. Fraser IS, Inceboz US. Defining disturbances of the menstrual
cycle. In: O’Brien PMS, Cameron IT, MacLean AB, eds. Disor-
ders of the Menstrual Cycle. London: RCOG Press, 2000:
141-52.

2. Treloar SA, Martin NG, Heath AC. Longitudinal genetic analy-
sis of menstrual flow, pain and limitation in a sample of Austra-
lian twins. Behav Genet 1998; 28: 107-16.

3. Snowden R, Christian B. Patterns and Perceptions of Menstrua-
tion. London: Croom Helm, 1983.

4.  Chiazze L, Brayer FT, Macisco J. The length and variability of
the human menstrual cycle. JAMA 1968; 203: 377-85.

5. Belsey EM, Pinol A, Task Force on Long-Acting Systemic
Agents for Fertility Regulation. Menstrual bleeding patterns in
untreated women. Contraception 1997; 55: 57-65.

6. Fraser IS, Critchley HOD, Munro MG, Broder M. Can we
achieve international agreement on terminologies and defini-
tions used to describe abnormalities of menstrual bleeding?
Hum Reprod 2007; 22: 635-43. Fraser IS, Critchley HOD,
Munro MG, Broder M. A process designed to lead to interna-
tional agreement on terminologies and definitions used to
describe abnormalities of menstrual bleeding. Fertil Steril 2007;

87: 46676 [Simultaneous Publication].



Pathogenesis 39

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hallberg L, Hogdahl AM, Nilsson L, Rybo G. Menstrual blood
loss — a population study. Acta Obstet Gynecol Scand 1966; 45:
320-51.

Cole SK, Billewicz WZ, Thomson AM. Sources of variation in
menstrual blood loss. J Obstet Gynaecol Br Commonw 1971;
78:933-9.

Fraser IS. The dysfunctional uterus: dysmenorrhoea and dys-
functional uterine bleeding. In: Shearman RP, ed. Clinical
Reproductive Endocrinology. Edinburgh: Churchill Living-
stone, 1985: 579-98.

Crosignani PG, Rubin B. Review and guidelines on dysfunc-
tional uterine bleeding. Study Group of the European Society
for Human Reproduction and Embryology Hum Reprod 1990;
5: 637-8.

Hahn L. Composition of menstrual blood. In: Diczfalusy E,
Fraser IS, Webb FTG, eds. Endometrial Bleeding and Steroidal
Contraception. Bath: Pitman Press, 1980: 107-37.

Fraser IS, McCarron G, Markham R, Resta T. Blood and fluid
content of menstrual discharge. Obstet Gynecol 1985; 65:
194-8.

Fraser IS, Warner P, Marantos PA. Estimating menstrual blood
loss from the total menstrual fluid volume in women with
normal and excessive menstrual bleeding. Obstet Gynecol 2001;
98: 806-14.

Beller FK. Observations on the clotting of menstrual blood and
clot formation. Am ] Obstet Gynecol 1971; 111: 535-43.
Zhou JP, Fraser IS, Caterson I et al. Reproductive hormones in
menstrual blood. ] Clin Endocrinol Metab 1989; 69: 338-42.
Corner GW. The Hormones in Human Reproduction. Prince-
ton: Princeton University Press, 1942: 279.

Markee J. Menstruation in intraocular endometrial transplants
in the rhesus monkey. Contrib Embryol Carnegie Inst 1940; 28:
219-308.

Livingstone M, Fraser IS. Mechanisms of abnormal uterine
bleeding. Hum Reprod Update 2002; 8: 60-7.

Jabbour HN, Kelly RW, Fraser HM, Critchley HOD. Endo-
crine regulation of menstruation. Endocrinol Rev 2006; 27:
17-46.

Gleeson N, Devitt M, Sheppard BL, Bonnar J. Endometrial
fibrinolytic enzymes in women with normal menstruation and
dysfunctional uterine bleeding. Br J Obstet Gynaecol 1993;
100: 768-71.

Christiaens GCML, Sixma JJ, Haspels AA. Hemostasis in men-
strual endometrium — a review. Am J Reprod Immunol 1982; 5:
78-83.

Cameron IT, Campbell S. Nitric oxide in the endometrium.
Hum Reprod Update 1998; 4: 565-9.

Chwalisz K, Garfield RE. Role of nitric oxide in implantation
and menstruation. Hum Reprod 2000; 15(Suppl 3): 96-111.
Zhang ], Nie G, Jian W, Woolley DE, Salamonsen LA. Mast
cell regulation of human endometrial matrix metalloproteinases:
a mechanism underlying menstruation. Biol Reprod 1998; 59:
693-703.

Lockwood CJ, Krikun G, Hausknecht VA, Papp C, Schatz F.
Matrix metalloproteinase and matrix metalloproteinase inhibi-
tor expression in endometrial stromal cells during progestin-
initiated decidualization and menstruation-related progestin
withdrawal. Endocrinology 1998; 139: 4607-13.

Marbaix E, Vekemans M, Galant C et al. Circulating sex hor-
mones and endometrial stromelysin-1 (matrix metalloprotei-
nase-3) at the start of bleeding episodes in levonorgestrel-implant

users. Hum Reprod 2000; 15 (Suppl 3): 120-34.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Salamonsen LA. Tissue injury and repair in the female genital
tract. Reproduction 2003; 125: 301-11.

Dilley A, Drews C, Miller C et al. von Willebrand disease and
other inherited bleeding disorders in women with diagnosed
menorrhagia. Obstet Gynecol 2001; 97: 630-6.

Kadir RA, Lee CA, Sabin CA, Pollard D, Economides DL.
Pregnancy in women with von Willebrand’s disease or factor XI
deficiency. Br ] Obstet Gynaecol 1998; 105: 314-321.

Edlund M, Blomback M, von Schoultz B, Andersson O. On the
value of menorrhagia as a predictor for coagulation disorders.
Am ] Hematol 1996; 53: 234-8.

Kouides PA, Conard ], Peyvandi F, Lukes A, Kadir R. Hemo-
stasis and menstruation: appropriate investigation for underly-
ing disorders of hemostasis in women with excessive menstrual
bleeding. Fertil Steril 2005; 84: 1345-51

Lukes AS, Kadir RA, Peyvandi F, Kouides PA. Disorders of
hemostasis and excessive menstrual bleeding: prevalence and
clinical impact. Fertil Steril 2005; 84: 1338-44.

Peyvandi F, Duga S, Akhavan S, Mannucci PM. Rare coagula-
tion deficiencies. Haemophilia 2002; 8: 308-21.

Day Baird D, Dunson DB, Hill MC, Cousins D, Schectman
JM. High cumulative incidence of uterine leiomyoma in black
and white women: ultrasound evidence. Am ] Obstet Gynecol
2003; 188: 100-7.

Fraser IS, Peric H. Clinical presentation and symptoms associ-
ated with uterine fibroids. In: Brosens I, ed. Uterine Fibroids:
Pathogenesis and Management. London: Taylor & Francis,
2006: 95-106.

Patterson-Keels LM, Selvaggi SM, Haefner HK, Randolph JF
Jr. Morphologic assessment of endometrium overlying submu-
cosal lelomyomas. ] Reprod Med 1994; 39: 579-84.

Sehgal N, Haskins AL. The mechanism of uterine bleeding in
the presence of fibromyomas. Am J Surg 1960; 26: 21-3.
Stewart EA, Nowak RA. Leiomyoma-related bleeding: a classic
hypothesis updated for the molecular era. Hum Reprod Update
1996; 2: 295-306.

Palmer SS, Haynes-Johnson D, Diehl T, Nowak RA. Increased
expression of stromelysin 3 mRNA in leiomyomas (uterine
fibroids) compared with myometrium. J Soc Gynecol Invest 1998;
5:203-9.

Van Bogaert L]. Clinico-pathologic findings in endometrial
polyps. Obstet Gynecol 1988; 71: 771-3.

Peric H, Fraser IS. The symptomatology of adenomyosis. Best
Pract Res Clin Obstet Gynaecol 2006; 20: 547-56.

Kitawaki J. Adenomyosis: the pathophysiology of an oestrogen-
dependent disease. Best Pract Res Clin Obstet Gynaecol 2006;
20: 493-502.

Fusi L, Cloke B, Brosens J]J. The uterine junctional zone. Best
Pract Res Clin Obstet Gynaecol 2006; 20: 479-91.

Hourihan H, Sheppard BL, Bonnar J. The morphologic charac-
teristics of menstrual hemostasis in patients with unexplained
menorrhagia. Int ] Gynecol Pathol 1989; 8: 221-9.

Smith SK, Abel MH, Kelly RW, Baird DT. Prostaglandin syn-
thesis in the endometrium of women with ovular dysfunctional
uterine bleeding. Br ] Obstet Gynaecol 1981; 88: 434-42.
Makarainen L, Ylikorkala O. Primary and myoma-associated
menorrhagia: role of prostaglandins and effects of ibuprofen. Br
J Obstet Gynaecol 1986; 93: 974-8.

Smith SK, Abel MH, Kelly RW, et al. A role for prostacyclin
(PGI,) in excessive menstrual bleeding. Lancet 1981; i: 522—4.
Marsh MM, Butt AR, Riley SC et al. Immunolocalisation of
endothelin and neutral endopeptidase in the endometrium of



40

Modern Management of Abnormal Uterine Bleeding

49.

50.

51.

52.

53.

54.

55.

56.

users of subdermally implanted levonorgestrel (Norplant). Hum
Reprod 1996; 10: 2584-9.

Paton RC, Tindall H, Zuzel M, McNicoll GP. Haemostatic
mechanisms in the normal endometrium and endometrium
exposed to contraceptive steroids. In: Diczfalusy E, Fraser IS,
Webb FTG, eds. Endometrial Bleeding and Steroidal Contra-
ception. Bath: Pitman Press, 1980: 325-41.

Malik S, Day K, Perralut I et al. Reduced levels of VEGF-A and
MMP-2 and MMP-9 activity and increased TNF-alpha in men-
strual endometrium and effluent in women with menorrhagia.
Hum Reprod 2006; 21: 2158-66.

Gleeson NC, Buggy F, Sheppard BL, Bonnar J. The effect of
tranexamic acid on measured menstrual loss and endometrial
fibrinolytic enzymes in dysfunctional uterine bleeding. Acta
Obstet Gynecol Scand 1994; 73: 274-7.

Rybo G. Plasminogen activators in the endometrium. II. Clini-
cal aspects. Variation in the concentration of plasminogen acti-
vators during the menstrual cycle and its relation to menstrual
blood loss. Acta Obstet Gynecol Scand 1966; 45: 429-50.
Kothapalli R, Buyuksal I, Wu S, Tabibzadeh S. Detection of
ebaf, a novel human gene of the transforming growth factor beta
superfamily: association of gene expression with endometrial
bleeding. J Clin Invest 1997; 99: 2342-50.

Brown JB, Kellar RJ, Matthew GD. Urinary oestrogen excretion
in certain gynaecological disorders. ] Obstet Gynaecol Br Emp
1959; 66: 177-211.

Schroder R. Endometrial hyperplasia in relation to genital func-
tion. Am ] Obstet Gynecol 1954; 68: 294-309.

Hamou J. Hysteroscopy and Microhysteroscopy. Norwalk,
Connecticut: Appleton Lange, 1985.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Fraser IS, Michie EA, Baird DT, Wide L. Pituitary gonadotro-
pins and ovarian function in adolescent dysfunctional uterine
bleeding. J Clin Endocrinol Metab 1973; 37: 407-14.

Fraser IS, McCarron G, Hutton B, et al. Endometrial blood flow
measured by xenon-133 clearance in women with normal men-
strual cycles and dysfunctional uterine bleeding. Am J Obstet
Gynecol 1987; 156: 158-66.

Smith SK. Angiogenesis, vascular endothelial growth factor and
the endometrium. Hum Reprod Update 1998; 4: 509-19.
Smith SK, Abel MH, Kelly RW et al. The synthesis of prosta-
glandins from persistent proliferative endometrium. J Clin
Endocrinol Metab 1982; 55: 284-9.

Krassas GE, Pontikides N, Kaltsas T, et al. Disturbances of
menstruation in hypothyroidism. Clin Endocrinol (Oxf) 1999;
50: 655-9.

Reid PC, Mukri F. Trends in number of hysterectomies
performed in England for menorrhagia: examination of
health episode statistics 1989 to 2002-3. Br Med ] 2005; 330:
938-9.

Mansour D. Overview of contraception methods: a provider’s
perspective. In: Glasier A, Wellings K, Critchley H, eds. Contra-
ception and Contraceptive Use. London: RCOG Press, 2005;
44-77.

Babalola EO, Bharucha AE, Schleck CD, et al. Decreased utilisa-
tion of hysterectomy: a population-based study in Olmsted
County, Minnesota 1965-2002. Am J Obstet Gynecol 2007;
196: 214.e1-7.

Treloar AE, Boynton RE, Behn BG, Brown BW. Variation
of the human menstrual cycle through reproductive life. Int

J Fertil 1967; 12: 77-126.



Menstrual problems in adolescence

D Keith Edmonds

INTRODUCTION

The transition from childhood to adulthood for women
is fortunately a smooth one for the majority. The process
of puberty involves the development of secondary sexual
characteristics that include menarche and subsequent
menstruation. However, the transition is much more than
a physical one, and the evolution psychologically from
childhood to adulthood is a slower process than the phys-
ical changes that occur and, whereas the majority of phys-
ical processes have been completed by the age of 15 years
old, psychological maturation is not complete until
between the ages of 18 and 20 years old.

It is therefore imperative that the clinician understands
the difference between normality and abnormality when
it comes to menstrual dysfunction, as the definitions of
menstrual change are different in adolescents, and adults.

NORMAL MENSTRUATION DURING
ADOLESCENCE

Menarche, the onset of menstruation, varies by national-
ity (Table 7.1). The age of onset of breast growth (Breast
Stage 2) and its relationship to menarche seems reason-
ably constant throughout the world and ranges from 2 to
3 years. There have been several suggestions that the age
of menarche has been significantly falling. However, in a
recent study by Whincup et al.,! comparison between the
1950s, the 1960s, and British girls born between 1982 and
1986 show very little change, with a mean age of men-
arche around 13 years. A similar study published in the
USA? shows that in the USA there has been no decrease
in the age of menarche since 1973. Whereas these two
studies address populations where socioeconomic status is
high, changes in the age of onset of menarche have fallen
in those countries where socioeconomic status has changed
during this 50-year period. However, in looking at
Table 7.1, it is apparent that throughout the world there
is very little difference in the mean age of menarche for
teenage girls.
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Once menstrual cycles begin, the pattern of bleeding
may take some years to become established in a regular
menstrual cycle. In the first postmenarcheal year, although
50% of cycles are anovulatory, 80% are irregular and the
range of the menstrual cycle is from 21 to 45 days, with
2-7 days of bleeding. Ninety-five percent of cycles will
fall into this range by the third postmenarchel year and by
the sixth postmenarcheal year, menstrual patterns will
have stabilized.” It is of interest to note that girls who begin
their menarche earlier tend to have regular ovulatory cycles
more rapidly than those who have a later menarche.*

It is against this background that clinical histories of
alleged menstrual disturbance need to be taken. It is very
important that the clinician understands that a teenager
reporting irregular cycles is normal and it is therefore
beholden on the clinician to explain to the mother and
the teenager that a pattern of irregular bleeding is to be
expected. It is this type of reassurance which will be all
that is required for the vast majority of teenage girls who
present to a clinician with menstrual problems. Only a
minority will have true menstrual dysfunction that requires
medical intervention.

AMENORRHEA

The absence of menstrual periods is classified in one of
two ways: it is either primary in which menstruation has
never occurred, or secondary, when menstruation has
occurred and subsequently there is a cessation of periods.
There is considerable debate as to how long absence of men-
struation needs to occur before an adolescent is defined as
having secondary amenorrhea. In the light of the irregu-
larity of periods in postmenarcheal life, it is most useful to
use 6 months without periods as the time frame. It goes
without saying that in all adolescents who have under-
gone pubertal change, pregnancy must always be consid-
ered a cause of amenorrhea in either primary or secondary
situations.

The investigation of girls with amenorrhea should
always be taken seriously. Any mother who brings her
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Table 7.1 Age of puberty by nationality

Breast stage 2 Menarche
USA 1973 10.9 12.8
USA 2001 9.7 12.5
USA (Black) 1997 8.9 12.2
Europe 10.6 - 11.2 12-13.3
UK 11.2 13.0
Asia 9.8 12.5
Africa 10.4 13.2
South America 10.4 12.6

daughter to a clinician to raise concern about the fact that
menarche has not occurred should have the matter inves-
tigated fully. There has been a trend in the past to delay
investigation until the girl is aged 15 or 16 years old, but
this is completely unreasonable, as the mother and her
daughter have requested clinical intervention because of
their concern and therefore their complaint should
be taken seriously and fully investigated at the time of
presentation.

Primary amenorrhea management

In managing primary amenorrhea, the clinician needs to
take a detailed history and examine the patient. It is essen-
tial to record body mass index and pubertal stage, and it
is usual to use the Tanner system of staging breast and
pubic hair development in order to compare development
against normal.’ In referring to management (Figure 7.1),
the patients will then fall into two groups: girls with delayed
puberty, where secondary sexual development has not
occurred or is minimal, and girls with normal puberty.

Delayed puberty

In patients with delayed puberty, the simplest investiga-
tion is to perform a serum follicle-stimulating hormone
(ESH) test. If the FSH level is high, then the differential
diagnosis is either Turner’s syndrome, XY female, or pri-
mary ovarian failure. If the FSH level is low, then the dif-
ferential diagnosis is constitutional delay, anorexia nervosa,
systemic illness, or Kallmann’s syndrome.

Turner’s syndrome is characterized by a karyotype of
45,XO with a normal female phenotype without second-
ary sexual characteristics. The classical features of Turner’s
syndrome include streak ovaries but with an intact uterus
and vagina, short stature, web neck, broad chest, widely

spaced nipples, and pectus excavatum. However, there are
some individuals who will have a genetic mosaic
46,X0:46,XX in whom the physical examination may
vary widely from the classical situation. If these features
are present, it is therefore mandatory that the karyotype
should be performed.

This will also be required if androgen insensitivity is
suspected, and here the features are of normal growth but
scanty pubic hair, no axillary hair, and some small breast
growth may have occurred. The karyotype will be reported
as 46,XY and, in these circumstances, circulating testos-
terone levels tend to be in the male range. The testes are
functional but there are no androgen receptors and there-
fore masculinization is not possible. The testes, which are
usually intra-abdominal or may be found in the inguinal
canals, should be removed due to the risk of malignancy.

Primary ovarian failure may occur as a result of either
childhood chemotherapy, irradiation, or infection, which
damages the ovaries. If chemotherapy and radiotherapy
have been administered, the diagnosis is usually easy to
make, but previous infection that might damage the ovaries
is often speculative.

In those individuals who have a low FSH, constitutional
delay is by far the commonest cause of primary amenor-
rthea and here, when all other causes of delayed puberty
have been excluded, reassurance is all that is required.
Eventually, puberty will occur and normal development
will be concluded. In some individuals where develop-
ment is seriously delayed, the induction of puberty may
be necessary and is always available as an option. If the
individual patient finds the situation intolerable, this is a
perfectly reasonable strategy to follow.

Normal puberty

When the patient is found to have normal secondary sexual
characteristics, the most useful investigation is a pelvic
ultrasound. An abnormal ultrasound will identify either
outflow tract obstruction or Miillerian agenesis, which
will make the diagnosis obvious. If the ultrasound is normal,
the investigations proceed as outlined under the Secondary
Amenorrhoea section (see below).

Outflow tract obstruction may occur at the level of the
hymen or it may occur at three different levels in the vagina.
Obstruction by an imperforate hymen presents with cycli-
cal abdominal pain, and examination of the vulva will
reveal a bulging, blue membrane through which the men-
strual blood can be seen because it cannot escape. Man-
agement is straightforward, with an incision in the hymen
that will release the menstrual flow, and no further treat-
ment is necessary. Obstruction of the vagina may occur
at the lower third, middle third, or upper third levels,
and here surgical intervention is much more complex.
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Figure 7.1 Management of primary amenorrhea. FSH, follicle-stimulating hormone.

Figure 7.2 Management of secondary amenorrhea. FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH,

thyroid-stimulating hormone; CAH, congenital adrenal hyperplasia.

Examination of the vulva will reveal a swelling on occa-
sions, but this is pink because the transverse vaginal sep-
tum obstructs menstrual flow. Removal of the septum
requires considerable surgical expertise, as vaginal recon-
struction will need to follow. In these circumstances,
patients should be referred to specialist centers where the
appropriate surgical expertise is available.

Miillerian agenesis is the second most common cause
of primary amenorrhea, second only to Turner’s syndrome.
It is classically known as Mayer—Rokitansky—Hauser
(MRKH) syndrome, and here failure of the development
of the Miillerian ducts leads to absence of the upper
vagina and uterus. There is no surgical treatment for this
condition, but creation of a neovagina at some time in the
gitl’s life is more than possible. The management of this
condition is outside the scope of this chapter and authors
are referred to the work of Edmonds.®

SECONDARY AMENORRHEA

As mentioned above, an episode of 6 months without
periods in the adolescent would constitute secondary
amenorrhea that requires further investigation. Again, a
detailed history and examination needs to be carried out
in order to assess the patient clinically. Figure 7.2 shows
the management algorithm for secondary amenorrhea.
The presence of hirsutism and/or virulism would prompt
the clinician to measure the free androgen index and per-
form a pelvic ultrasound specifically looking at ovarian
structure. The differential diagnosis here is either polycys-
tic ovarian syndrome (PCOS) or congenital adrenal
hyperplasia.

Polycystic ovarian syndrome is being increasingly
diagnosed in adolescent girls, as an increasing number
are presenting with either oligomenorrhea, secondary



44 Modern Management of Abnormal Uterine Bleeding

amenorrhea, or hirsutism. Timely diagnosis is important,
because PCOS contains the component of insulin resis-
tance which increases the risk of type 2 diabetes, hyper-
lipidemia, and cardiovascular disease in later life. The
reason why this diagnosis is so important is that lifestyle
intervention is critical in these individual patients, as the
tendency to develop obesity, hypertension, and diabetes
needs to be controlled. Therapeutic interventions remain
controversial, and there are no long-term follow-up stud-
ies of the efficacy of any of them at the present time. The
options of using the oral contraceptive pill, insulin sensi-
tizers, antiandrogens, or a combination of these therapies
have been addressed only in the short term. Many studies
have demonstrated that the benefits of any of these thera-
pies disappear upon discontinuation of treatment. The most
concerning aspect of this in adolescents is the unknown
sequelae that may result on the developing brain; the
impact of PCOS on the skeleton is also important. In adult
women with PCOS, bone density is preserved, if not
elevated, and it is suggested that this might be attribute-
able to elevated levels of insulin or androgen. Any of the
therapies suggested above may have an impact on bone
mineral density, and long-term studies are still awaited. It
is therefore extremely important to take a conservative view
before introducing therapeutics into the management of
these patients, and the lifestyle approach should be the
first line of treatment.”

In those individuals who do not have hirsutism or
virulism, measurements of FSH, luteinizing hormone
(LH), prolactin, and thyroid-stimulating hormone are
useful. Patients with an elevated level of FSH and LH,
they may have undergone premature menopause and
require hormone replacement therapy. If prolactin is ele-
vated, the diagnosis of hyperprolactinemia and a pituitary
adenoma need to be excluded, and appropriate investiga-
tions done to evaluate this. Finally, an abnormal thyroid
function profile would prompt the clinician to investigate

the possibility of a thyroid disorder.

DYSMENORRHOEA

Dysmenorrhea, or painful periods, is responsible for teen-
agers losing more time from school and work than any
other single cause. Dysmenorrhea increases in frequency
during the adolescent years, with increasing frequency of
ovulatory cycles. At age 12 years old, approximately 40%
of teenagers have dysmenorrhea, but by 17 years old this
has risen to 70%. Fifteen percent of all teenagers who
have dysmenorrhea are incapacitated for between 1 and
3 days, but 30~50% describe the pain as mild.* Dysmenor-
rhea is divided into primary and secondary: primary dys-
menorrhea is defined as dysmenorrhoea in the presence of

normal uterine anatomy and the absence of disease,
whereas secondary dysmenorrhea is identified as being in
conjunction with pelvic pathology.

Primary dysmenorrhea

Dysmenorrhea in these circumstances is due to the release
of prostaglandins at the time of menstruation. These
prostaglandins stimulate local vasoconstriction and myo-
metrial contractility and the combination of ischemia of
the endometrial lining and myometrial contraction leads to
crampy, lower abdominal pain. The side effects of prosta-
glandin excess include nausea, vomiting, fatigue, irritability,
diarrhea, backache, or headache, and a number of studies
have shown that the degree of dysmenorrhea relates to the
quantity of prostaglandin released.”'’

The management of primary dysmenorrhea begins
with an explanation as to the reasons why dysmenorrhea
occurs. Frequently, this will be sufficient to allay the fears
that may have arisen in both the mother and the teenager,
and simple analgesics such as aspirin or acetaminophen
are to be encouraged as the analgesics of first choice.
When these are ineffective, non-steroidal anti-inflamma-
tory drugs (NSAIDS) can be considered, e.g. ibuprofen,
naproxen, and mefenamic acid. All of those analgesics,
including aspirin, work by decreasing the amount of
prostaglandin release. The NSAIDs are highly effective so
long as therapeutic doses are administered, and will be
sufficient for the majority of teenagers. If these approaches
are unsuccessful, then the oral contraceptive pill should
be considered, and here a 90% cure can be expected.
There are considerable anxieties in mothers agreeing to
their daughters taking the oral contraceptive pill under
the age of 16 years old, where the maternal consent is
desirable. Most of these anxieties are around unsubstanti-
ated fears that it will either lead to promiscuity or inter-
fere with development, (neither of which are true), and
reassurance for the mother will be important. In the small
proportion of patients who fail to respond to analgesics or
the oral contraceptive pill, an ultrasound scan should be
performed to exclude a uterine anomaly.

Secondary dysmenorrhea

Secondary dysmenorrhea is much less common in adoles-
cents. It tends to give pain not in conjunction with the onset
of menstruation, but pain that begins some days before
the onset of menstruation, and usually the pain is relieved
by menstrual flow. The differential diagnosis includes
pelvic inflammatory disease, endometriosis, or an ovarian
cyst. The management depends on the diagnosis. Chronic
pelvic inflammatory disease requires an aggressive approach
with antibiotics over a prolonged period of time.
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However, a delay in the diagnosis and institution of treat-
ment may result in pelvic damage, leading to chronic
pelvic pain. Endometriosis occurs in teenagers and is
being increasingly diagnosed in this age group.'' It is not
important in this age group to make a diagnosis by lap-
aroscopy, as this does not affect the decisions to treat;
neither does it affect the choice of treatments available.
Abolition of menstruation is the therapeutic goal, and
may be achieved by the continuous use of the oral contra-
ceptive pill or by the use of gonadotropin-releasing hor-
mone (GnRH) analogues plus addback therapy. This
long-term therapy is complex to administer and the side
effects of this type of approach remain unproven.

In both primary and secondary dysmenorrhea, an
approach using the levonorgestrel intrauterine system
(IUS) is being increasingly tried in this age group. The first
of these follow-up studies, published by Suhonen et al.,'*
consisted of a population of 18-25 year olds who were
themselves seeking contraception as well as control of
dysmenorrhea. The levonorgestrel IUS had equally effec-
tive control of their dysmenorrhea as the oral contraceptive
group. Studies on girls between 12 and 18 years old are
still awaited, and will require the introduction of a smaller
device; however, the therapeutic benefits of are obvious,
and it is likely that the levonorgestrel will become part of
the therapeutic armamentarium in the next few years.

Dysfunctional uterine bleeding

Establishing whether or not menstrual loss in a teenager
is abnormal or not is very difficult from the history. In
fact, it is always a very difficult assessment to make in all

women during their menstrual life, as they have really
very little with which to compare. So, although a history is
important in which increased frequency of menstruation
and the presence of clots or flooding are elicited, an objec-
tive measurement of menstrual loss is difficult to ascertain.
It is therefore prudent to use hemoglobin as a surrogate
for blood loss, which allows therapeutic strategies to be
instituted.

The majority of teenagers with dysfunctional uterine
bleeding have anovulation as the underlying etiology.
The lack of ovulation means that the release of estradiol
from the ovary promotes proliferative endometrium which
is never opposed by progestogen. There is, therefore, a
thicker endometrium than would develop in an ovulatory
cycle and the lack of progesterone means that local pros-
taglandin release is impaired and therefore vasoconstric-
tion and myometrial contraction fail to occur. Thus,
dysfunctional uterine bleeding is associated with less dys-
menorrhea and heavier uterine bleeding. In these circum-
stances, menstrual loss can be extremely heavy or may at
least be perceived as this. As shown in Figure 7.3, if the
hemoglobin level is greater than 12 g/dl, the teenage girl
is coping with whatever blood flow she is experiencing. In
these circumstances, reassurance is essential. A menstrual
calendar can be given, and if the flow is considered to be
such as to be interfering with normal activity, tranexamic
acid 500 mg 6-hourly can be prescribed. This is extremely
effective in reducing flow in these circumstances; as
tranexamic acid is not hormonal, and need only be taken
at the time of menstruation, it is an extremely useful ther-
apy. Patients should be given a menstrual calendar
because, as time goes by, menstrual cycles will become

Mild Moderate Severe Life-threatening

Moderate flow Heavy flow Heavy flow Heavy flow

Hb >12 g/dl Hb 10-12 g/dl Hb <10 g/dl Hb <8 g/dl
Reassurance Reassurance

Menstrual calendar
Oral contraception

Menstrual calendar

Tranexamic acid 1/30

Oral contraception

Hospitalize

Continued probelm
Oral contraception
1/50

LNG-IUS

Oral contraception
1/50

IV conjugated estrogen
LNG-IUS

Figure 7.3 Dysfunctional uterine bleeding (DUB). Hb, hemoglobin; LNG-IUS, levonorgestrel intrauterine system.
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increasingly regular and more episodes of ovulation will
occur and it is then pictorially demonstrable that their
menstrual flow and cycle length is improving. Repeated
visits to the gynecologist are important, as reassurance
during these difficult times is very useful.

If the hemoglobin level is between 10 and 12 g/dl,
there is some degree of compromise in the patient and, in
this case, while reassurance from a menstrual calendar is
equally important, oral contraception is probably the best
strategy. It is unlikely that tranexamic acid or progesto-
gens would be effective in controlling blood loss suffi-
ciently to correct the mild anemia, whereas the oral
contraceptive pill would be extremely effective at doing
this. Any patient who is started on such a therapy needs
to continue for at least 1 year and then the oral contracep-
tive pill can be withdrawn to see whether cycle matura-
tion has occurred sufficiently to correct the menstrual
flow problem. If it has not, the heavy periods would
recommence and reinstitution of the oral contraceptive
pill for a further year should be carried out. Annual with-
drawal of the pill should be carried out until such times
as menstrual maturation has occurred.

In patients who present with heavy menstruation and
hemoglobin of less than 10 g/ld, again the oral contracep-
tive pill can be used. However, a 30 pg pill may be inad-
equate to correct this problem and, if this is the case, a 50 pg
pill should be introduced. This is almost certainly suffi-
cient to control almost all patients with heavy menstrual
loss in these circumstances. However, in exceptional cir-
cumstances, the levonorgestrel IUS can be considered and
thereby create amenorrhea. Until such times as menstrual
maturation will have occurred, those few individuals who
have embarked on this treatment have found it extremely
effective and, of course, it acts as a contraceptive, as does
the oral contraceptive pill in these circumstances.

Finally, in a life-threatening situation where menstrual
flow is continuous and hemoglobin levels are less than
8 g/dl, hospitalization is mandatory. The oral contracep-
tive pill should be commenced and a 50 pg pill should be
used. If menstrual flow is not controlled after 24 hours, it
may be necessary to use intravenous (IV) conjugated oestro-
gen at a dose of 25 mg 6-hourly until menstrual flow
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Menstrual dysfunction secondary to

medical diseases

Tharani Balasubramaniam and LA Parapia

INTRODUCTION

Abnormal uterine bleeding (AUB), in women of child-
bearing age, is associated with any change in menstrual
frequency, duration, quantity of blood loss, and inter-
menstrual bleeding. Awareness of potential medical causes
will guide investigations to offer appropriate treatment
for this common condition.

Menorrhagia is one of the four most common reasons
for referral to a gynecologist,' and 12% of all gynecology
referrals are for this complaint.” This is of concern, because
referral for menorrhagia is associated with a 60% proba-
bility of hysterectomy in the ensuing 5 years.?

Perception of menorrhagia is influenced by cultural,
social, and demographic factors, making diagnosis diffi-
cult. The objective definition of menorrhagia is menstrual
blood loss exceeding 80 ml per menstruation.* However,
in clinical practice, the diagnosis is subjective and relies
on the women’s description of her blood loss, which is
often inaccurate. In a population study, 4% of women
with actual menstrual loss of >80 ml considered their
periods to be moderate or scanty, and 14% of women
with actual loss <20 ml considered their period to be
heavy.* Most laboratory techniques used to measure men-
strual blood loss are specialized, time-consuming, expen-
sive, and involve collection and saving of sanitary material;
therefore, they have never been established as part of rou-
tine practice. Instead, the pictorial blood assessment chart
(PBAC) is often used as a semi-objective assessment of
menstrual blood loss, and is based on the number and
saturation of sanitary pads and tampons. A score of >100
has been shown to have a reasonable accuracy for identi-
fying menorrhagia, with a reported sensitivity of 86% and
specificity of 89%.°

Table 8.1 outlines the causes of AUB; however, for
about 50% of women with menorrhagia, an underlying
cause is not found,® and many of these are treated surgi-
cally. In the period 2002-2003, the National Health Service
(NHS) in England performed 8332 hysterectomies and
4921 endometrial ablations for menorrhagia.”
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The following sections discuss some of the medical
diseases associated with AUB, concentrating in particular
on underlying bleeding disorders. Increasing clinical
awareness of these conditions may avoid unnecessary
operations, and their associated morbidity and mortality.

PATHOPHYSIOLOGY OF HEMOSTASIS
AND MENORRHAGIA

Menstruation is a remarkable example of controlled tissue
remodeling, where, over a period of 3—5 days, the old lining
is removed and a new lining regenerated without scarring.
[t requires a regulated hemostatic and fibrinolytic system,
and an intact hypothalamic—pituitary—ovarian axis.

Hemostasis in the menstruating uterus is a delicate
balance between platelet aggregation, fibrin formation,
vasoconstriction, and tissue regeneration on the one hand,
and prostaglandin-induced platelet inhibition, vasodilata-
tion, and fibrinolysis on the other. Disturbance of this
intricate balance will result in hemorrhagic or thrombotic
disorders.

The endothelial cells of blood vessels not only main-
tain the integrity of the vessel wall but also secrete various
hemostatic factors, including tissue factor, thrombixane
A, (TXA,), von Willebrand’s factor (VWF), and cyto-
kines (procoagulants), as well as antithrombotic agents —
prostacyclin, nitric oxide, and tissue plasminogen
activator.® Injury to a vessel wall results in exposure of the
subendothelial connective tissue, activating platelet adhe-
sion and aggregation, and causing vasoconstriction. VWF
released from endothelial cells and platelets binds to
glycoprotein Ib and IIb/Illa receptors on platelets, and
to the subendothelium, facilitating platelet adhesion
and aggregation. VWF is also important in carrying
blood coagulation factor VIII:C (FVIIIL:C), preventing its
premature enzymatic degradation and localizing FVIII to
the sites of vessel injury.” This, and the release of other
procoagulant factors, promote accumulation of white

blood cells, and form the platelet plug. Exposed collagen
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Table 8.1 Medical causes of abnormal uterine bleeding
Organic Endocrinologic Anatomic latrogenic
Genitourinary infections Hypothyroid Benign pelvic pathology: IUD
* polyps
* fibroids
Coagulation disorders: Hyperthyroid Malignant lesions: Steroid hormones

¢ von Willebrand’s disease
e factors II, V, VII, VIII, IX, XIII
¢ prothrombin deficiency

Thrombocytopenia

Platelet disorders Pituitary disorders

Hepatic failure

PCOS

Renal failure

Adrenal gland dysfunction

Hypothalamic disorders

¢ endometrium

e cervical

® ovarian

Endometrial hyperplasia, Chemotherapy

endometriosis

Pregnancy Anticoagulants

Pregnancy-related issues Other
medications

Trauma

IUD, intrauterine device; PCOS, polycystic ovarian syndrome.

and platelet phospholipids also activate the coagulation
cascade, involving clotting factors I-XIII. The final step
of the process is stabilization of the platelet plug to a solid
mass of cross-linked fibrin.

The initiation of menstruation is linked to the associ-
ated dip in progesterone levels. Progesterone has been
found to increase tissue factor (a hemostatic agent), and
levels of type 1 plasminogen activator inhibitor (inhibits
the cleavage of plasminogen to plasmin, which is required
for fibrinolysis). Thus, withdrawal of progesterone results
in a shift in the endometrial balance from the hemostatic
phase to the hemorrhagic stage.' It is therefore not sur-
prising that patients with defects in the coagulation sys-
tem suffer with menorrhagia.

VON WILLEBRAND’S DISEASE

Von Willebrand’s disease (VWD) is one of the most com-
mon inherited bleeding disorders, affecting 0.8-1.3% of
women.'""? Despite this high prevalence, women referred
for menorrhagia are not routinely screened for this coagu-
lation disorder. In a recent UK survey, only 13% of gyne-
cologists would request a standard clotting screen and 2%
would test for VWD in a 35-year-old woman with men-
orrhagia and no pelvic pathology."

Dr Erik von Willebrand first reported the disease in
1926. He described a family of 66 members, of which 23
were bleeders including 16 female; five of these women

died from bleeding, including a 13-year-old girl who died
of uncontrollable menstrual loss.'* This female-to-male
imbalance has been reported by others'? and is of no sur-
prise, considering women will always experience a greater
frequency and degree of hemostatic challenges through-
out their life.

VWD is characterized by a quantitative deficiency as
in types 1 and 3 VMF, or a qualitative deficiency as in the
type 2 variant of which there are numerous subvariants
(Table 8.2). Type 1 is the most common form of VWD
and the mildest; thus, affected women may not discover
problems until faced with a hemostatic challenge such as
occurs in menstruation, childbirth, surgery, and dental
work.

Menorrhagia is a common symptom of VWD, and
may be the only symptom in some. In a recent study
using the PBAC score >100 for menorrhagia, the diagno-
sis was confirmed in 74% of women with VWD, 59%
with factor XI deficiency, and 57% of carriers of hemo-
philia.” There has been recent interest in the association
between menorrhagia and inherited bleeding disorders,
and studies from England and the USA suggest a preva-
lence between 6.6% and 24% of VWD in women with
menorrhagia.'®'® When compared to the prevalence in
the general population of 1-2%,'""* this seems significant.
However, establishing a diagnosis of VWD is also difficult
and complex, and in the absence of a genetic test, it requires
laboratory and clinical assessment. The VWF gene is located
on the short arm of chromosome 12, but it is large and
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Table 8.2 Summary of the main differences between the various subtypes of VWD

Type of VWD Clinical features Mode of inberitance Laboratory findings
1 Mild-moderate bleeding Autosomal dominant Partial quantitative deficiency of normal
(70% of all VWD) VWEF

2A Moderate/variable bleeding Autosomal dominant Abnormal VWE, L HMWM, | platelet
association

2B Moderate/variable bleeding Autosomal dominant Abnormal VWF, T affinity for
platelets — platelet aggregation —
thrombocytopenia

2M Moderate/variable bleeding Autosomal dominant Abnormal VWE, { platelet association

2N Moderate/variable bleeding Autosomal dominant Abnormal VWF, { affinity for FVIII

3 Severe bleeding Autosomal recessive Virtually complete deficiency of VWF, {

FVIII

VWD, von Willebrand’s disease; VWF, von Willebrand’s factor; FVIIIL, factor VIII; HMWM, high molecular weight multimers.

difficult to analyze," and there is some evidence to suggest
that some cases of VWD are linked to other gene loci.*

Plasma VWF concentrations are influenced by several
genetic and environmental factors; thus, laboratory tests
may fluctuate with time in a given individual.?" Factors
affecting VWF levels include ABO blood group, ethnic-
ity, age, hormones, and stress. People with blood group
O have a lower VWF level than people with other blood
groups, but whether or not ABO group has any effect on
the specific activity of VWF is unresolved.”! A study by
Dilley et al. in North America showed that black women
have a lower prevalence of VWD than white women
(1.4% vs 15.9%, respectively),' despite the fact that black
women have higher levels of VWF antigen activity than
white women.** Reasons for the low prevalence in black
women may be because of cultural differences in the per-
ception of menorrhagia or the genetic defect(s) causing
VWD may be less common in women of African descent.
Further studies using objective methods of assessing men-
orrhagia and race-specific threshold levels for diagnosis
are required.

There are conflicting data regarding changes in VWF
during the menstrual cycle. The UK Haemophilia Centre
Doctors’ Organization (UKHCDO) suggests there is
insufficient data to recommend testing for VWD during
a specific point of the menstrual cycle.”’ However, the
timing of testing in relation to the menstrual cycle should
be noted, and, if the results are borderline, the test should
be repeated during days 1-4 of the menstrual cycle.”

Usage of the oral contraceptive pill (OCP) results in a
small rise in the level of VWF:Ag and VWEF:RCo, thus pos-
sibly masking the diagnosis of VWD, but this has not been
assessed in women with VWD. The effect of estrogen on

clotting factors appears to be dose dependent (>50 pg of
ethyinyl estradiol), but the doses commonly used today
are much smaller and less likely to be significant.” The
recommendation is women on the OCP with borderline
VWEF levels should be retested if the opportunity arises
when off the OCP.*

Menstrual stress and strenuous exercise is also associ-
ated with significant increase in VWF:Ag. However, this
is unlikely to be the case for the ‘moderate’ exercise related
to attending hospital.*! VWF is an acute-phase reactant;
therefore inflammatory, malignant, infective, and vascu-
litic diseases can cause a raised level.”

When requesting a VWD screen, most laboratories
check VWF antigen (VWF:Ag), factor VIII assay, and
the ability of VWF to bind platelets as determined
by the riscocetin cofactor agglutination activity assay
(VWF:RCo), and some laboratories use the VWF colla-
gen-binding assay (VWEF:CB). The bleeding time and
activated partial thromboplastin time (APTT) may be
normal in patients with mild VWD, and therefore are not
sensitive enough to be used for screening and diagnosis.'”*!
Factors VIII, IX, XI, and XII influence APTT levels, and
if these factors are more than 30% of normal, the APTT
will not be prolonged.*®

Some centers suggest the use of a platelet function
analyzer (PFA-100) as an alternative to bleeding time for
screening. It is quoted as having a sensitivity >95%.% It
can reliably detect moderate or severe disease, but it is
subjective to the natural fluctuations that make assess-
ment of VWD so difficult.”

A key part of the assessment is eliciting a history of
bruising, epistaxis, oral cavity bleeding, and menorrhagia
in women. A knowledge of response to hemostatic
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challenges — e.g. operations, trauma, dental extractions,
and postpartum hemorrhage (PPH) — is also helpful,
bearing in mind many young women have yet to face
such challenges. Bleeding histories are subjective, but by
ascertaining the requirements for a blood transfusion as a
result of bleeding, medical intervention to stop the bleed-
ing or the development of anemia adds weight to the
history.?! A scoring system for a positive bleeding history
has been suggested:*

(1) excessive menstrual bleeding since menarche

(2) history of PPH, surgery-related bleeding, or bleed-

ing associated with dental work

(3) history of bruising >5cm one or two times per
month, epistaxis one or two times per month, fre-
quent gum bleeding, or family history of bleeding
symptoms.

A positive screen entails any one from category 1 or 2, or
two or more from category 3.

Menorrhagia in adolescent girls is likely to be second-
ary to an immature hypothalamic—pituitary—ovarian axis
causing anovulatory cycles; however, an underlying bleed-
ing disorder may be identified in a significant proportion
of cases. In one study, 11 out of 106 adolescents with
menorrhagia had an underlying bleeding disorder. Posi-
tive predictors include a positive family history and men-
orrhagia requiring hospital admission.*®

The management of women with menorrhagia and
bleeding disorders depends on the age of the woman,
childbearing status, and individual preference.

Oral therapies such as the antifibrinolytic drug
tranexamic acid and the OCP are usually the first-line
treatments for menorrhagia in patients with VWD. In
patients with underlying bleeding disorders, non-steroidal
anti-inflammatory drugs (NSAIDs) are ineffective and
may increase menstrual blood loss. Tranexamic acid is an
antifibrinolytic agent; it inhibits the binding of plasmino-
gen to fibrin, and several studies have demonstrated
increased fibrinolysis in the uterus of women with menor-
rhagia.” Taken at a dose of 1g four times a day on days
1-5 of the menstrual cycle, it has been shown to reduce
menstrual blood loss by 54%.° The OCP is a valuable
treatment for menorrhagia, especially secondary to ano-
vulation. In a study of 30 women with VWD and menor-
rhagia, 73% had a good response to the OCP; the estrogen
acts on the VWF stored in the endothelial cells and increases
FVIII levels.”" Increased risk of thrombosis is the main
concern associated with OCP use, but the risk of throm-
bosis is low in women with bleeding disorders. Progester-
one-only preparations have been found to be less effective
reducing blood loss than the methods discussed already.
They are also inferior to the levonorgesterol-releasing

intrauterine device (LNG-IUD), which has been shown
to reduce menstrual blood loss by 74% at 3 months and
97% at 12 months in women with menorrhagia and normal
coagulation.’” A recent study looked at the effects of LNG-
IUD on menorrhagia in 16 women with inherited bleed-
ing disorders: all 16 women reported improvements in
their periods, both subjectively and objectively (using the
PBAC chart), and they all had higher hemoglobin con-
centrations.” The main side effects are expulsion of the
device and irregular bleeding, but, if tolerated, the device
is beneficial in those women who want to preserve fertility
and it can be inserted in the outpatient department.

If menorrhagia persists, desmopressin (DDAVP) has
been found to be effective treatment in VWD. It is a very
valuable drug, as when effective it means avoidance of
blood products and the potential for blood-borne virus
transmission. DDAVP is a synthetic vasopressin analogue,
and it increases plasma concentrations of FVIII and VWF
from endogenous storage sites. It can be administered
intravenously, subcutaneously (dose of 0.3 pg/kg for
both), or intranasally (300 pg for adults).?** It is effective
in type 1 VWD, but not in type 3, and has variable
response in type 2 patients.” Therefore, patients should
have a trial of DDAVP to observe its effectiveness. Intra-
nasal DDAVP allows patients to self-treat at home, and
hence presents as an attractive treatment. A study of intra-
nasal DDAVP in type 1 VWD reported excellent or good
response from 92% of patients,”> and subcutaneous
DDAVP was found to be effective in 86% of patients.*
The main adverse effects are hypotension, tachycardia,
facial flushing, and fluid overload resulting in hypona-
tremia, but on the whole it is well tolerated. The risk of
hyponatremia is avoided with advice to restrict fluid
intake on the days of administrating DDAVP, which is
also an effective treatment for bleeding episodes in patients
with mild hemophilia A and platelet disorders.””

A small proportion of patients require factor concen-
trates containing VWF. These products are usually of
intermediate purity and plasma derived, and although
they are virally inactivated, there is still a small risk of
transmission of infections.” At this stage, patients should
be under joint management with gynecologists and hema-
tologists.

CLOTTING FACTORS
Hemophilia A and B

Hemophilia A and B are sex-linked recessive disorders,
with a deficiency of FVIII and FIX, respectively. The prev-
alence is of 1 in 10000 (hemophilia A) and 1 in 10000
(hemophilia B) in the UK; however, the prevalence of
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carrier women is unknown. Most carriers have FVIII or
FIX levels within the normal range, although a wide range
of values have been reported.* This is probably secondary
to lyonization of the X chromosome. It has been shown
that carriers are more at risk of bruising, prolonged bleed-
ing from wounds, and following delivery.”® A study look-
ing at menstrual blood loss in patients with inherited
bleeding disorders found that 57% of hemophilia
A carriers have objectively (using PBAC) verified menor-
rhagia; such a high result may be secondary to a low
response rate."

Obtaining a history of bruising when faced with hemo-
static challenges, and inquiring about family history, espe-
cially bleeding amongst male members, is important to
help guide investigations towards identifying hemophilia
carriers. Carriers of hemophilia A with bleeding symp-
toms may benefit from treatment with DDAVP, which
increases the release of FVIII from intracellular stores.”

Factor XI deficiency

Factor XI deficiency is a rare autosomal disorder, also known
as hemophilia C. It predominantly affects Ashkenazi Jews,
with low EXI levels found in up to 8% of the popula-
tion.” FXI deficiency has been found in 4% of women
suffering with menorrhagia in a study by Kadir et al."” (the
catchment area included a large Jewish population). In
another study, 59% of women with FXI deficiency were
shown to have objectively verified menorrhagia.” Bleed-
ing usually occurs after a hemostatic challenge (surgery or
trauma), but as the correlation between FXI concentration
and bleeding symptoms is poor,* it makes management
difficult. An FXI concentrate exists, but may cause arterial
and venous thromboembolism.*

Factor 11, V, VII, XIII deficiencies

Rarer clotting factor deficiencies such as FXIII, FVII, FV,
and FII have also been identified in studies of women
with menorrhagia, but at much lower frequencies than
VWD.!¢!174! These deficiencies are more common in
populations where consanguineous marriages occur.

Platelet disorders

Menorrhagia can be caused by thrombocytopenia (second-
ary to drugs, bone marrow disorders, autoimmune or
inherited), or functional platelet disorders. These include
rare disorders such as Bernard—Soulier Syndrome (absent
or reduced expression of glycoprotein Ib), Glanzmann’s
thrombasthenia (defective glycoprotein IIb/Illa recep-
tor), or platelet storage diseases. The result is defective
platelet—vessel wall interaction and platelet—platelet

aggregation. The prevalence of platelet functional disorders
in the general population is unknown. Most studies of
menorrhagia and bleeding disorders do not systematically
include evaluations for platelet disorders. However, two
studies have found platelet dysfunction to be common in
women with otherwise unexplained menorrhagia,***
of which found 47% of women had abnormal platelet
aggregation.*

Desmopressin can be effective in Bernard—Soulier
syndrome (if thrombocytopenia is not too severe) and in
patients with drug-induced platelet dysfunction, and can
temporarily correct platelet dysfunction caused by sys-
temic diseases, e.g. uremia and liver cirrhosis.””

one

OTHER CAUSES OF ABNORMAL
UTERINE BLEEDING

When investigating a woman for AUB, the main differ-
ential diagnosis will depend on the age of the woman.

In women of childbearing age, pregnancy and preg-
nancy-related issues should first be ruled out. It is also
important to investigate for any genitourinary infections,
especially atypical presentations of sexually transmitted
diseases. Eliciting a history of abnormal Papanicolaou
(Pap) smears, gynecologic surgery, trauma, or sexual abuse
is essential, as genital tract pathology is associated with
intermenstrual, postcoital, and heavy menstrual bleed-
ing.” Benign pelvic pathology, including cervical and
endometrial polyps, fibroids, and endometriosis, can also
present with AUB, and should be excluded.

In the peri- and postmenopausal woman, AUB should
be considered the result of malignancy of the reproductive
tract until proven otherwise. Cancer is not the most fre-
quent cause of AUB in this age group, but it is the most
important.

Early menarche is often associated with AUB, mainly
amenorrhea secondary to an immature hypothalamic—
pituitary—ovarian axis. It is still important to bear in mind
other causes such as trauma, sexual abuse, and bleeding
disorders.

Tatrogenic causes include drugs such as anticoagulants,
selective serotonin reuptake inhibitors (SSRIs), antipsy-
chotics, corticosteroids, hormonal treatments, tamoxifen,
and intrauterine coil devices. Herbal substances, includ-
ing ginseng, ginkgo, and soy supplements, interfere with
estrogen levels or clotting parameters and cause menstrual
irregularities.”

Hypothalamic dysfunction, hyperprolactinemia,
androgen excess, and chronic illness are all conditions
that can cause chronic anovulation. This may present as
secondary amenorrhea, infrequent uterine bleeding, or
irregular episodes of excessive uterine bleeding.
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Hypothalamic disorders

Release of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) from the pituitary is controlled
by the secretion of luteinizing hormone-releasing hor-
mone (LHRH) from the hypothalamus in a pulsatile
fashion. This, in turn, is controlled by negative feedback
from gonadal steroid hormones and local neuromodulaters
in the brain, including norepinephrine, dopamine, and
B-endorphins. Any central nervous system (CNS) disor-
der that interferes with this process can cause anovulation
(Table 8.3).

Functional hypothalamic anovulation is the most
common form of hypothalamic anovulation, and is asso-

Table 8.3 Disorders of the hypothalamic—pituitary axis
causing abnormal uterine bleeding

Neoplastic Functional
Craniopharyngioma Stress

Glioma Excessive exercise
Metastasis Anorexia nervosa

Pituitary tumors:
* prolactinoma

¢ growth hormone-secreting
adenoma

* Cushing’s disease

Drugs
Dopamine antagonists

Opiates

Anatomic

Pituitary stalk section
Pituitary apoplexy
Pituitary aneurysm

Empty sella syndrome

Trauma

Basal skull fracture

Surgery

Chronic illness:
e liver failure

e renal failure

Infiltrative
Sarcoidosis
Histiocytosis X

Tuberculosis

Infection
Meningitis
Encephalitis
Syphilis

Other
Radiation
Fibrosis

Chemotherapy

Congenital Kallmann’s

syndrome (isolated

gonadotropin deficiency)

ciated with excessive exercise, abrupt weight loss and
psychological stress.*

Amenorrhea associated with abrupt weight loss usu-
ally occurs when the body mass index (BMI) falls below
19 kg/m?.% It is thought that reduced secretion of leptin
results in impaired secretion of gonadotropins, especially
LH, resulting in alteration in the pulsatile secretion of
LHRH.* This is a basic survival mechanism, as it avoids
reproduction occurring in adverse circumstances.

Normally, changes in lifestyle to reverse the primary
cause result in the return of normal cycles. One of the
concerns of persistent anovulation is the effect of long-
term hypoestrogenemia on bone metabolism. If reversal
of the primary cause is not practical (e.g. professional
athletes, ballerinas) or the patient is unable to put on
weight, estrogen replacement should be considered, such as
a low-dose combined oral contraceptive pill (COCP).*

Pituitary causes

The commonest pituitary cause of AUB is hypersecretion
of prolactin from a prolactinoma. Signs and symptoms
include galactorrhea, anovulatory bleeding, amenorrhea,
headaches, and bitemporal hemianopia. Shrinkage of
tumor is achieved in most cases with bromocriptine, a
dopamine agonist. Whereas dopamine is an inhibitor of
prolactin secretion, thyrotropin-releasing hormone
(TRH) and estrogen stimulate the release of prolactin. A
large number of medications are dopamine antagonists
and therefore impair the inhibitory action of prolactin;
these include phenothiazines, metoclopramide, reserpine,
and methyldopa.®®

Androgen excess

Hyperandrogenization in women is associated with hir-
sutism, virilization, and amenorrhea. This may be due to
defects in adrenal steroid biosynthesis (congenital adrenal
hyperplasia, Cushing’s syndrome) or excess production of
androgens. Rapidly progressing symptoms of androgen
excess suggest the presence of an androgen-secreting
tumor, the majority of which arise from the ovary and
produce large quantities of testosterone. In comparison,
testosterone-secreting tumors of the adrenal gland are
extremely rare: most secrete large amounts of dehydroepi-
androsterone sulfate (DHEAS), dehydroepiandrosterone
(DHEA), and androstenedione (androgen precursors).*
Cushing’s syndrome is a result of excess glucocorticoid
secretion. Excess androgen secretion in this syndrome
may be secondary to concomitant release of androgens
with glucocorticoids as in Cushing’s syndrome caused
by adrenal tumors, or may be as a result of adrenocortico-

tropic hormone (ACTH)-mediated adrenal androgen
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secretion (as in pituitary-dependent Cushing’s disease,
ectopic ACTH syndrome, adrenal hyperplasia). Contrib-
uting to reproductive dysfunction is hypogonadism as a
result of the inhibitory effects of cortisol upon gonadotro-
pin-releasing hormone (GnRH) pulsatility, and LH and
FSH secretion.

The most common cause of hyperadrogenization-
causing chronic anovulation is polycystic ovarian syn-
drome (PCOS), which occurs in approximately 5-10%
of reproductive-aged women.” This is a heterogeneous
disorder composed of anovulation, irregular menses, obe-
sity, hirsutism, and insulin resistance. There is failure of
the polycystic ovaries to convert androgens made in exces-
sive amounts to estrogens. The increased levels of testos-
terone inhibit secretion of FSH and stimulate secretion of
LH. The result is anovulation and reduced progesterone,
and the increased level of LH encourages the ovarian cells
to oversecrete androgens.

Thyroid disease

Most medical textbooks associate hypothyroidism with
menorrhagia and hyperthyroidism with oligomenorrhea,
with little evidence for either. There still remains contro-
versy over whether thyroid function should be tested in
women with AUB. The physiology to support these
claims has been documented.

In hypothyroidism, sex hormone-binding globulin
(SHBG) levels are reduced, causing reduced total estra-
diol levels and increased free estradiol and testosterone
in the serum.“# Estradiol is preferentially metabolized
to estriol, which may have a lesser feedback effect on the
pituitary than estradiol.*

Elevated TRH in hypothyroidism not only stimulates
the release of thyroid-stimulating hormone (TSH) but
also induces prolactin release, which also causes menstrual
dysfunction. The changes on the pituitary—ovarian axis
result in oligomenorrhea, or amenorrhea and menor-
rhagia, reflecting probable estrogen breakthrough bleed-
ing because of anovulation.*®

Thyroid hormones may also act directly on the ovary.
Thyroxine (T,) enhances the action of gonadotropins on
luteinization and progestin secretion by granulosa cells of
the ovary where TSH and thyroid receptor cells have also
been found. Thus, inadequate thyroid hormones at the
level of the ovary may contribute significantly to gonadal
dysfunction.?’

In hyperthyroidism, SHBG is increased, resulting in
raised total estradiol and testosterone levels, whereas free
estradiol levels decrease. Raised LH levels have been found
to be higher possibly because of loss of negative feedback
from decreased estradiol levels. This, and blunting of the
mid-cycle LH peak, probably interferes with ovulation. 4’

Of interest is the fact that TSH, LH, and FSH are
structurally very similar. Such homology raises the possi-
bility of cross-reactivity at the receptors. Thus, theoreti-
cally low TSH levels in hyperthyroidism may cause an
increase in LH levels as a result of reduction in binding of
TSH to LH receptors as well as its own.*

The prevalence of menstrual disturbances in thyroid
disease has been quoted as being up to 60% in hyperthy-
roidism and up to 70% in hypothyroidism.* These are
from studies dating from the 1950s and 1960s. More recent
studies have reported a much lower prevalence of 21.5%*
and 23.4%* for hyperthyroidism and hypothyroidism,
respectively. However, none of these studies measured
menstrual loss objectively and, considering that both
menorrhagia and thyroid disease are relatively common
in the general population, it may not be surprising that
there is a proportion of women with both conditions.

Guidelines from the Royal College of Obstetricians
and Gynaecologists (RCOG) on the initial management
of menorrhagia do not advocate routine thyroid function
tests (TFTs) unless the woman has symptoms or signs of
hypothyroidism.”® This is in agreement with the UKH-
CDO guidelines which suggest TFTs should be considered
if the patient is symptomatic, implying other symptoms
associated with thyroid disease.”

Renal failure

Owing to changes in the hypothalamic—gonadal axis in
dialyzed women, amenorrhea is the most common men-
strual abnormality. Of those women that do menstruate,
a proportion suffer from hypermenorrhea, menorrhagia,
and oligomenorrhea.’™* There is abnormality of the
pulsatile release of LH and the high preovulatory peak
of LHRH and, consequently, the LH required for ovula-
tion. As a result, the increase in progesterone that nor-
mally occurs is absent. The progesterone deficiency results
in incomplete maturation of the endometrium, followed
by hypermenorrhea and dysfunctional bleeding.'® Hyper-
prolactinemia is common in dialysis patients, and this
contributes to the menstrual abnormalities.

For patients with amenorrhea and oligomenorrhea
who desire menstruation, a low-dose COCP is suggested,
or progesterone alone during the final days of the monthly
cycle. For women with hypermenorrhea, which can con-
tribute significantly to anemia, high doses of progesterone
throughout the month will suppress menstrual bleeding.”!
Hysterectomy remains the final option for refractory
uterine bleeding.

Uremia, per se, is associated with increased risk of bleed-
ing and, consequently, will encourage the problem of men-
orrhagia in those women affected by it. The pathogenesis
of uremic bleeding is multifactorial. Main abnormalities
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involve platelet—platelet and platelet—vessel wall
interactions.”>>* However, the platelet count is usually
normal in uremia. It is thought that substances accumu-
late in uremic plasma that are involved in the genesis of
uremic platelet dysfunction.’®*® The introduction of dialy-
sis has improved the hemostatic abnormalities associated
with uremia, but not eliminated the risk of bleeding.
Bleeding can be controlled with conjugated estrogens
and desmopressin either intravenously, subcutaneously or

intranasally.”*>%¢

Liver disease

Liver cirrhosis is associated with a significant risk of bleed-
ing. The liver parenchymal cells produce most of the fac-
tors and inhibitors of clotting and fibrinolysis. In cirrhosis,
there are both quantitative and qualitative platelet abnor-
malities, manifesting as a prolongation of the bleeding
time. Thrombocytopenia is secondary to pooling of plate-
lets in the spleen caused by portal hypertension and sple-
nomegaly, and immunologic destruction of platelets.’”

The liver is responsible for detoxification, metabolism,
and excretion of sex hormones; therefore, cirrhosis will
alter the hypothalamic—pituitary—endocrine gland axis.
The effect this has on men, feminization and hypogonad-
ism, is well documented; however, there have been few
studies looking at the effects on women.

In men, there is a reduction in the level of serum tes-
tosterone and a relative increase in circulating estrogen
levels due to peripheral conversion of weak androgens.
Reduced testosterone is secondary to primary gonadal
failure and central hypothalamic—pituitary defect in
GnRH secretion.”” Similar findings were found in a study
of 111 amenorrheic females with associated liver disease,
where the hypothalamus rather than the pituitary was
the primary site of disturbance.’® In a separate study,
postmenopausal women were found to have raised estra-
diol levels, reduced testosterone, LH, and FSH, and these
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The role of ultrasound in

investigating abnormal uterine

bleeding

Maha Alkatib and Thomas H Bourne

INTRODUCTION

Investigation of abnormal uterine bleeding (AUB) is
accountable for a significant proportion of the gynecolo-
gist's outpatient workload." As the management of AUB
diversifies with new, sophisticated medical and surgical
approaches, accurate and rapid diagnosis becomes desir-
able. Ideally, a diagnosis should be reached at the index
visit with a specialist, thus requiring various diagnostic
tools to aid this. Up to 60% of women will have no iden-
tifiable pathology to explain their AUB: to subject such
women to a general anesthetic, hysteroscopy, and curet-
tage carries a measure of financial and physical burden,
as well as prolonging anxieties and delaying initiation
of treatment. Many approaches have been suggested in
an attempt to distinguish between women who warrant
further operative intervention and women who could
be initially managed with medical or conservative
treatments.

Outpatient blind endometrial sampling can no longer
be considered sufficient in diagnosis, owing to the risk of
missing focal pathology such as polyps, fibroids, and focal
endometrial hyperplasia. Although such sampling is
cheap, quick, and requires little expertise, most clinicians
would still not use it as a method of choice to exclude
endometrial cancer, but instead consider its use in con-
junction with transvaginal sonography (TVS).” The gold
standard that has been well established is that of hysteros-
copy for diagnosis of endometrial pathology. The devel-
opment of miniature hysteroscopes allows the use of this
tool in the outpatient setting. In addition, the advent of
bipolar tools refined enough to be introduced into such
scopes has brought the possibility of treatment in a ‘one-
stop’ clinic setting.

However, with regard to diagnosis, various studies
have assessed the value of TVS as one such approach.
TVS alone is very sensitive at demonstrating intracavity
pathology but lacks in specificity. It possesses the great
advantage of being relatively painless, less invasive than a
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biopsy, and is most acceptable to women. In addition, it
provides an opportunity to image the whole pelvis and
detect coexisting pathology such as ovarian masses and
cervical pathology. Where this is most useful in the inves-
tigation of AUB is in women taking tamoxifen and in
cases of suspected adenomyosis where the pathologies are
subendometrial. The introduction of a negative contrast
medium into the endometrial cavity such as normal saline
dramatically increases the sensitivity and specificity of
TVS. The process of sonohysterography or saline infusion
sonography (SIS) brings the diagnostic accuracy of focal
pathology up to rates equal to or (in some cases) greater
than outpatient hysteroscopy.’*

Color Doppler is available on most new-generation
ultrasound machines. It has the ability to help character-
ize focal pathology visualized on TVS, especially in post-
menopausal women where the vasculature develops a
high-impedance, low-velocity character. Angiogenesis can
be seen as areas of color on the B-mode image; this in
turn can raise the suspicion of endometrial carcinoma in
cases of postmenopausal women found to have a thick-
ened endometrium. Bourne et al demonstrated a low
impedance in the uterine arteries in cases of endometrial
carcinoma, thereby reducing the false-positive rates of
B-mode scanning.’

Three-dimensional (3D) ultrasound has made a more
recent entry into the diagnostic tools available to the
office gynecologist. Studies have mainly compared its
ability to detect intracavity pathology vs SIS. However,
SIS with 3D or uterine cavities already fluid filled second-
ary to underlying pathology have been included.? Results
have demonstrated comparable figures to two-dimen-
sional (2D) SIS, but the costs incurred financially and in
time do not justify its use as a first-line diagnostic tool.
Four-dimensional (4D) machines may well reduce the
time component, but currently are cost inhibiting. Three-
dimensional ultrasound does possess a valuable role in
assessing congenital uterine anomalies and leiomyoma
volumes pre- and postembolization.
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The emphasis in this chapter is on the use of TVS and
SIS in investigating AUB, with occasional reference to
useful color Doppler findings.

EQUIPMENT AND TECHNIQUE

A conventional B-mode ultrasound machine with a trans-
vaginal (5.0-7.5 MHz) and an abdominal (3.5 MHz)
probe is the most basic requirement. Color Doppler is a
useful additional function when determining the nature
of a focal lesion in the endometrial cavity. SIS requires the
additional use of 3-20 ml of normal saline in a syringe, a
fine balloon catheter or pediatric gastric feeding tube, a
bivalve (Cuscoe’s) speculum, and a volsellum in the event
that countertraction is indicated. Assistance from a quali-
fied nurse/healthcare assistant is valuable to ensure a
smooth and swift procedure.

Conventional TVS involves gentle insertion of the
probe up to the cervix and views taken in the coronal and
sagittal plane. This ensures complete assessment of the
uterus and ovaries. SIS is performed once the conven-
tional scan is complete. A bivalve (Cuscoe’s) speculum is
inserted and the catheter is primed with saline and inserted

Figure 9.1

into the external os. This is fed in until it meets resistance at
the fundus. The speculum is then carefully removed with-
out dislodging the catheter and the syringe is attached to
the distal end of the catheter. The probe is reinserted and
a sagittal view of the endometrial cavity is achieved — the
saline is then instilled at this point and further coronal
and sagittal views are taken to assess any focal endometrial
pathology visualized. Antibiotic cover should be pre-
scribed for women of reproductive age.
Contraindications to SIS include a history of unpro-
tected sexual intercourse and current pelvic infection.

NORMAL ENDOMETRIUM

Figure 9.1 demonstrates the endometrium during the
various phases of the menstrual cycle. As seen, the echoge-
nicity and thickness of the endometrium increases towards
the secretory phase of the cycle. The postmenopausal
endometrium in contrast is a thin hyperechoic line less
than 5 mm. This can increase in cases of hormone replace-
ment therapy users and should be noted when scanning
such women. Measurement of the endometrial thickness
is taken from the edge of one endometrial-myometrial

4 : M;lzziﬂl
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Normal endometrium: (A) proliferative, (B) periovulatory, and (C) secretory phase. (D) A postmenopausal endometrium

with some fluid in the cavity to demonstrate measurement in such a case.
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interface to the perpendicular opposite endometrial—
myometrial interface: i.e. a double layer measurement, at
its widest point in the cavity. This usually lies just distal
to the fundus. Should SIS be used, the measurement
would be the sum of the two separated endometrial thick-
nesses. This can be particularly useful when it is difficult
to visualize a calcified postmenopausal endometrium or if
the uterus is lying axially to the probe, thus prohibiting a
complete longitudinal view.

ENDOMETRIAL POLYPS

Endometrial polyps are characteristically either hyper-
echoic or cystic areas in the endometrial cavity, disrupting
the midline. The optimum time to visualize these polyps
is in the proliferative phase of the cycle when the remain-
ing endometrium is at its thinnest. If the endometrium is
thickened, visualization may be enhanced with the use of
SIS (see Figure 9.2) Color Doppler may demonstrate the
presence of a single feeding vessel. The advantage of SIS
in this instance is to help differentiate between hyper-
plasia and a polyp.

Figure 9.2

(A) The initial scan could easily be interpreted as a
secretory phase endometrium. (B) Hydrosonography demonstrates
a large polyp filling the cavity.

LEIOMYOMAS

Leiomyomas can appear as inhomogeneous, cystic or cal-
cified masses. They tend to be well defined by their cap-
sule, and color Doppler demonstrates a circular blood
flow pattern. Care should be taken to ensure no leiomyo-
mas are missed on TVS. Because of the probe frequency,
deep penetration to abdominal leiomyomas may fail;
thus, the use of a transabdominal probe with abdominal
palpation ensures the location of these. TVS can also help
to distinguish subserous from pedunculated fibroids if the
feeding vessel through the stalk can be located with color
Doppler. The main benefit of TVS is in the assessment of
submucous leiomyomas. The extent of endometrial dis-
ruption can be determined from their outline. The addi-
tional use of SIS brought sensitivities of 100% and
specificities of 94% in one study,’ providing valuable
information when determining those cases that are suit-
able for transcervical resection. Distinction between
fibroid polyps and endometrial polyps, however, may not
always be easy to make sonographically, depending on the
phase in the cycle the scan was performed (more difficult
in the secretory phase). In cases where down-regulation
with a gonadotropin-releasing hormone (GnRH) agonist
preoperatively is considered, this may prove difficult.

Figure 9.3 shows a submucous fibroid pre- and
post-SIS.

ADENOMYOSIS

Historically, adenomyosis was a histopathologic diagno-
sis. Fedele et al. identified ultrasonographic features char-
acteristic of adenomyosis from the presence of endometrial
tissue in the myometrium:’ in particular, the observation
of a bulkier uterus, asymmetrical myometrial thickness,
and the presence of hypoechoic spots in the myometrium
that occasionally may appear as cystic areas. From the
heterogeneous appearance, hypoechoic ‘rays’ may be
demonstrated through the myometrium. Hysteroscopy
would be unable to make such a diagnosis. Figure 9.4
illustrates these findings.

ENDOMETRIAL HYPERPLASIA

Endometrial hyperplasia is seen as a globally thickened
hyperechoic endometrium with or without cystic changes.
The endometrial-myometrial interface is intact through-
out; hence, a hypoechoic ‘halo’ can be seen, which helps in
distinguishing it from invasive endometrial carcinoma but
not from earlier stages of endometrial cancer (Figure 9.5).
TVS, as with hysteroscopy, cannot distinguish between
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Figure 9.3 Submucous leiomyoma pre- (A) and post-SIS (B).
Accurate assessment of size and protrusion into the cavity can be
made.

Figure 9.4 Adenomyosis. Asymmetrical myometrium and
heterogeneous texture with hypoechoic signals. This could be
interpreted as diffuse fibroid change.

benign and atypical hyperplasia. The cutoff for abnormal
thickness varies according to the stage in the menstrual cycle,
concurrent hormone usage, and menopausal status. Typ-
ically, in premenopausal women, an endometrial thickness
(ET) of >14-16 mm in the secretory phase is abnormal.

MEASURE
B—1

Figure 9.5 Endometrial hyperplasia pre- (A) and post-SIS (B).
The endometrial-myometrial interface remains intact. A small
polyp is also visualized post-SIS.

Fortunately, in the investigation of postmenopausal
bleeding (PMB), far more work has taken place in this
area because of the highly negative predictive value TVS
possesses in ET measurements. As a result of the hypo-
estrogenic state, there is little variation in the ET, and
cutoff levels of <4 mm in some studies demonstrated a
0% incidence of endometrial cancer.'” Focal pathology
was only noticed in ET >4 mm. This being the case, the
authors went on to propose that women with such an
ET did not require endometrial sampling and further
investigation — a physical and financial cost-saving
exercise.'' However, any uncertainty or irregularities in the
visualization of the endometrial echo warrants a biopsy.
In our unit, an analysis of 86 women attending a ‘rapid
access’ gynecology clinic presenting with PMB, showed
56 (65.1%) had ET < 4 mm and were therefore not biop-
sied. No malignancies were missed and none of these women
re-presented in a 2-year follow-up (unpublished work).

Tamoxifen therapy has remained an ongoing concern
of gynecologists due its risk of causing endometrial cancer
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via its estrogen agonist effect on the endometrium.'>"

Therefore, screening in the form of TVS or hysteroscopy
has been suggested during a course of therapy. Studies
have demonstrated the advantage of TVS over outpatient
hysteroscopy in this matter, hysteroscopy being less sensi-
tive at visualizing subepithelial pseudopolypoid glandulo-
cystic change due to a surface view only.'* On TVS, the
endometrium can appear thickened with or without the
presence of cysts, as seen in Figure 9.6. SIS would be war-
ranted to distinguish between pseudopolypoid glandulo-
cystic endometrium and glandulocystic polyps.

ENDOMETRIAL CANCER

The main purpose of investigation of AUB in postmeno-
pausal women is the exclusion of endometrial cancer.
This accounts for less than 10% of women presenting
with PMB. As stated previously, diagnosis is not possible
on TVS alone due to the sonographic features being
indistinguishable from hyperplasia but with the added
imaging of color Doppler, a lower suspicion of malig-
nancy is possible. In more advanced cases of endometrial
cancer, myometrial invasion can be demonstrated and
color Doppler may show the presence of low-resistance,
irregular feeding vessels in the subendometrial myome-
trium in keeping with neovascularization. Figure 9.7
shows such a case.

ARTERIOVENOUS MALFORMATIONS

, _
Although congenital malformations remain rare, iatro
genic arteriovenous malformations (AVMs) have been

1 D1.98cm

Figure 9.6 Thickened endometrium secondary to tamoxifen use.
Histology demonstrated
pseudodecidualization.

normal endometrium with

Figure 9.7 Markedly thickened endometrium and loss of
endometrial-myometrial interface make this strongly suspicious of
malignancy. This was confirmed as FIGO grade III endometrioid
endometrial cancer with myometrial penetration up to 3 mm from
the serosal surface.

Figure 9.8 An AVM with (A) and without (B) color Doppler.

encountered more frequently in recent years due to their
association with uterine evacuations. Such a condition is
potentially life-threatening, but, if correctly diagnosed,
can be monitored or treated safely in most cases.>'®
TVS and color Doppler are a cheaper and non-invasive
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method of detecting AVMs before considering an inva-
sive arteriogram, and have also been used as a means of
monitoring resolution of AVMs with time in iatrogenic
cases. Figure 9.8 highlights the difficulty in distinguish-
ing an AVM from retained products of conception, as
the clinical picture would also convince the clinician
that this was the likeliest diagnosis. The superimposed
color Doppler, however, presents an entirely different
picture.

CONCURRENT PATHOLOGY

As mentioned earlier, TVS provides an opportunity to
assess the uterus, cervix, and adnexae at the same visit.
One study demonstrated that 14% of women attending a
clinic for investigation of AUB had coexisting adnexal
pathology."”
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Normal menstrual cycles in premenopausal women occur
every 21-35 days. Menses on average lasts 3—7 days, with
a blood loss of <80 ml/cycle. Any variant of the normal
cycle is defined as abnormal uterine bleeding (AUB),
which is subdivided based on cycle characteristics. Men-
orrhagia occurs when a women has a menstrual blood loss
of >80 ml/cycle. Menometrorrhagia is similar to menor-
rhagia but menstrual blood loss occurs as irregular cycles.
Metrorrhagia is normal flow of menses but occurs at
irregular cycles. Oligomenorrhea is defined as a menstrual
cycle occurring >35 days. The opposite is polymenorrhea,
in which the cycle occurs <21 days. The absence of men-
ses for 6 months is termed amenorrhea. Postmenopausal
bleeding occurs in women who have undergone meno-
pause for at least 6 months. Dysfunctional uterine bleed-
ing (DUB) is a diagnosis of exclusion when no organic or
structural cause can be determined for a woman's abnor-
mal uterine bleeding. Anovulation is a common cause of
DUB that results from a lack of opposing progesterone
production to estrogen, leading to thickened endome-
trium and irregular, heavy bleeding. DUB is the most
common cause of AUB in premenopausal women. In
perimenopausal and postmenopausal women, endome-
trial hyperplasia and cancer should be ruled out as causes
of AUB. Other causes of AUB are submucosal myomas,
endometrial polyps, adenomyosis, endometritis, endocri-
nopathies, and coagulopathies. After a detailed patient
history, physical examination, and appropriate laboratory
work-up, imaging or outpatient diagnostic techniques are
used to help establish a diagnosis.

Recamier first introduced the evaluation of abnormal
uterine bleeding in 1850 by utilizing a mechanical curette;
in an inpatient setting, to sample the endometrium.’
With this method, approximately 60% of the uterine cav-
ity is curetted, often missing focal lesions and leading to
an inconclusive diagnosis in approximately 10% of
patients."” Since the introduction of dilatation and curet-
tage (D&C), multiple outpatient modalities have been
developed to improve the accuracy of diagnosis for AUB.
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These modalities include the Pipelle endometrial biopsy,
magnetic resonance imaging, hysterosalpingogram, two-
dimensional (2D) and three-dimensional (3D) transvagi-
nal ultrasound, saline-infused sonohysterogram, and
hysteroscopy.

The Pipelle endometrial biopsy (EMB) is a quick,
office-based technique that has a high sensitivity for endo-
metrial cancer and hyperplasia but a low sensitivity for
focal lesions.” Even though the Pipelle only samples
10-25% of the uterine cavity, it has been shown by Brad-
ley et al. in a published meta-analysis of 39 studies that the
detection rate for endometrial cancer was 99.6% in post-
menopausal women and 91% in premenopausal women.
The detection rate for atypical hyperplasia was 88% in
this study.’ This detection rate is similar in patients who
underwent a D&C with endometrial cancer and atypical
hyperplasia. If the EMB is inconclusive or negative, other
methods of investigation for AUB are necessary.

A less commonly utilized method for diagnosing the
cause of abnormal uterine bleeding is the hysterosalpingo-
gram (HSG). This technique evaluates the contour of the
uterine cavity and tubal patency, utilizing transcervical
injection of contrast media and fluoroscopy. HSG has a
sensitivity of 80-98% and a specificity of 35-85% for the
detection of intrauterine pathology in premenopausal
women when compared with hysteroscopy.“* An HSG
can be performed in approximately 10 minutes with little
discomfort and few complications. This method is typically
utilized in patients undergoing an infertility evaluation.

Magnetic resonance imaging (MRI) is another useful
tool for evaluating patients with abnormal uterine bleed-
ing. It is highly accurate for the size, location, and num-
ber of uterine fibroids."”® It is perhaps most useful in
patients with symptoms suggestive of uterine fibroids
(menorrhagia and dysmenorrhea) but where no fibroids
are detected by any ultrasound or hysteroscopy and ade-
nomyosis is suspected. MRI has a sensitivity of 88-93%
and a specificity of 67-91% in the diagnosis of adeno-
myosis.® Owing to the cost, MRI should be limited to a
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select group of patients with AUB, and not utilized as a
screening tool.

A simpler and less-expensive radiographic tool that is
effective for screening is the transvaginal ultrasound
(TVUS). With little discomfort and no complications for
the patient, this method permits a rapid assessment of the
uterus and adnexa. TVUS is useful for measuring endo-
metrial thickness in postmenopausal women as well as for
detecting uterine myomata and polyps in all women. An
endometrial thickness cutoff of <5mm can reliably
exclude endometrial cancer in postmenopausal women
with a sensitivity as high as 98%.>° The literature shows
a wide range of sensitivities and specificities, 21-100%
and 12-100%, respectively, in TVUS detection of intra-
uterine pathology. TVUS has reasonable sensitivity for
diffuse and focal lesions, so that it may serve as a practical
first step in non-invasive diagnosis for AUB.?

Saline-infused sonohysterogram (SIS) is a minimally
invasive technique that enhances the sensitivity and spec-
ificity of TVUS.*¢ It is recommended in patients with
either a thick endometrium and a non-diagnostic EMB,
an indeterminate TVUS, or a negative TVUS and EMB
with persistent bleeding.” SIS can be completed within
5-10 minutes with minimal patient discomfort. Even
though this technique does not allow for direct visualiza-
tion, it has a sensitivity and specificity in detecting uterine
cavity lesions comparable to direct visualization as
obtained with hysteroscopy.'*'?

Only hysteroscopy (HSC) allows for direct visualiza-
tion, accurate diagnosis, and targeted biopsies, leading to
reduced sampling errors.'!*4 AUB is the most com-
mon indication for outpatient HSC (95.8%) or office
HSC (89%)." The sensitivity of HSC for diagnosing
intrauterine pathology ranges from 53 to 100%, with
most literature quoting 80—100%. The specificity of HSC
for diagnosing intrauterine pathology ranges from 50 to
100%, with most literature quoting 93—100%. For endo-
metrial cancer or hyperplasia detection, the sensitivity
and specificity range from 86 to 100% and from 97 to
100%, respectively. The likelihood of endometrial cancer
is 0.4-0.5% after a negative hysteroscopy.” Table 10.1
shows a comparison of sensitivities and specificities of the
imaging modalities based on the reported values of vari-
ous studies. Even though the sensitivities and specificities
of HSC are similar to the SIS technique, the advantage of
HSC is that, while directly visualizing the lesion within
the uterine cavity, a direct biopsy or even removal of the
lesion can be performed (Figures 10.1 and 10.2). This
may eliminate other studies or procedures necessary to
diagnose the cause of AUB. Other advantages include the
assessment of endometrial vascularity and the categoriza-
tion of submucous myomata using different intrauterine
pressures (Figures 10.3-10.5). Such presurgical planning

can only be accomplished with the direct view obtained
with the hysteroscope.

In a review of 19 studies, Hataska averaged the pro-
cedure time of HSC to be about 11 minutes, well-tolerated
by patients, with 1/770 cases complicated by a tubal
infection.” Hysteroscopy can be done in the hospital, as
an outpatient surgery, or in the office. In the hospital, the
procedure time does not increase but the added time of
preoperative registration, anesthesia, procedure, and post-
operative recovery lengthen the total time to about 4
hours. By evaluating the patient in the office with HSC,
the patient may avoid the operating room time and costs
and minimize the disruption in daily activities.

The introduction of small-caliber hysteroscopes in the
1980s has made the office hysteroscope practical." These
flexible hysteroscopes have a 2-3.5 mm outer diameter
(OD) and permit distal steerability. Using a thumb
manipulator, the distal 3—5 cm can typically be deflected
110° in two directions. Because these scopes have small,
single-working channels, they are non-continuous flow
and are typically used solely for diagnostic purposes. The
small diameter (similar to the Pipelle endometrial biopsy)
and the steerability create minimal discomfort for the
patient. As a result, the uses of a paracervical block and/
or tenaculum are rarely needed in these cases.

Office hysteroscopy can also be performed with stan-
dard small-diameter rigid hysteroscopes with an OD of
4—6 mm. The advantage of these systems over the flexible
scope is that they are multichanneled and allow for con-
tinuous flow of fluid and the passage of instruments such
as the semirigid biopsy forceps, scissors, and graspers.
These instruments can be placed through the operative
port and allow for visually directed biopsies and small
procedures, such as a polypectomy. Most often, intra-
venous (IV) anesthesia is not required for procedures util-
izing these small-diameter rigid hysteroscopes. Local
anesthesia is useful if the cervix is stenotic or requires
dilatation prior to insertion of the hysteroscope. How-
ever, in patients with a multiparous cervix, cervical dilata-
tion is infrequently required and anesthesia is a rare
necessity."'® The office hysteroscopy procedure is well
tolerated without anesthesia even in nulliparous and post-
menopausal patients.'”””"7 A vaginoscopic approach to
office hysteroscopy requires neither a speculum nor tenac-
ulum and may cause less discomfort to the patient.'”™'®

Hysteroscopy should be performed in the early follic-
ular phase of the menstrual cycle just after menses sub-
sides. This is when the endometrium is most thin and
visibility optimal. The patient is placed in the dorsal
lithotomy position and the vagina prepared with sterile
technique. Preferred uterine distention media are either
normal saline or lactated ringer’s solutions because they
are low-viscosity fluids containing physiologic levels of
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Figure 10.1 Endometrial cancer

Figure 10.2 Intrauterine polyp

Figure 10.3 Type 0 submucosal myoma

Figure 10.4 Type 1 submucosal myoma

Figure 10.5 Type 2 submucosal myoma

electrolytes. At fluid deficit levels of above 1.5L, fluid
overload and pulmonary edema can occur. However,
diagnostic hysteroscopy rarely uses more than a total of
500-1000 ml of fluid media even when performing a
minor procedure in the office, such as targeted biopsy and
polypectomy. If no more than 1.5 L of fluid is used, strict
monitoring of fluids is not warranted. If the fluid loss
seems to exceed 1.5 L, a diuretic should be administered,
urine output closely monitored, and electrolytes drawn.

Diagnostic hysteroscopy in the office or operating
room requires minimal setup. For visualization of the cav-
ity on a monitor, the hysteroscope is attached to a light
source (150-300 W halogen or xenon bulb), light cord,
and a single-chip video camera. Video printers are avail-
able for printing images captured during the hysteros-
copy. In the office, a video tower helps organize this
setup.
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Contraindications to hysteroscopy include pelvic infec-
tions, excessive uterine bleeding, cervical cancer, preg-
nancy, and recent uterine perforation. A relative
contraindication is known adenocarcinoma of the endo-
metrium. Complications of hysteroscopy are minimal, but
include bleeding from a tenaculum site or uterine cavity if
a small procedure is performed, infection, vasovagal reac-
tion, uterine perforation, and creation of a false tract that
can lead to perforation or bleeding. These complications
typically resolve spontaneously or rarely need treatment:
i.e. silver nitrate or a stitch at a tenaculum site or antibiot-
ics for infection. The failure rates for hospital HSC are
about 3-3.5%.'%" Failure rates for office HSC are mini-
mal as well, and have been reported from as low as 1%
to as high as 13%.'""*!%2° The failure rates of 13% for
nulliparous women and 11% for postmenopausal
women were found in one study of 473 procedures, per-
formed in the period 1991-1995, using a rigid, 5 mm OD
hysteroscope.'* The more recent studies have shown a less
than 5% failure rate with rigid or flexible office hysteros-
copy.'""”? The most common conditions responsible for
failure to complete the office hysteroscopy include cervical
stenosis, poor visualization, and pain.

Although office hysteroscopy has been shown to be a
well-tolerated tool with excellent sensitivity and specific-
ity for diagnosing the source of AUB, most gynecologists
in the USA continue to perform hysteroscopy in the
operating room. The more common office-based evalua-
tion tools include the EMB, MRI, HSG, TVUS, and/or
SIS. Towbin et al. compared the cost of different imaging
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INTRODUCTION

A wide variety of drugs are used to treat abnormal uterine
bleeding. Medical therapy is indicated when there is no
obvious pelvic abnormality and the woman wishes to
retain her fertility. Whereas the number of hysterectomies
for menorrhagia has been estimated to have fallen by 36%
between 1989 and 2002/3, and the number of endome-
trial ablations is increasing, some women do not wish to
have surgery."? Medical treatment avoids surgery, but
may have side effects and must be taken long term.? Thus,
the drug regimen chosen must be effective, have few or
mild side effects, and must be acceptable to the patient.

The aims of therapy are to reduce blood loss, reduce
the risk of anemia, and improve the quality of life. Menor-
rhagia is the commonest cause of iron deficiency anemia
in Western women, and thus iron therapy is often indi-
cated as well as the options discussed below. It could
be argued that menstrual blood loss (MBL) should
be reduced to be within the normal range (i.e. less than
80 ml per period). However, women who are keen to
avoid surgery may accept a higher loss if they can cope
with the flow and any anemia is controlled with iron
supplements.

It is important to assess drug therapies in terms of
reduction of measured MBL, since, as already discussed
in Chapter 5, there is poor correlation between objective
and subjective assessment. Well-designed randomized
controlled trials provide the best evidence of the efficacy
of any intervention, as any differences between groups
can be more confidently attributed to differences in
treatment.

Medical treatments for abnormal uterine bleeding
can be divided into two main classes: non-hormonal and
hormonal.

NON-HORMONAL TREATMENTS

Non-hormonal treatments are detailed in Table 11.1.
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Non-steroidal anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) can be
chemically classified into five main groups: salicylates
(aspirin), indoleacetic acid analogues (indomethacin), aryl-
proponic acid derivatives (naproxen, ibuprofen), fena-
mates (mefenamic acid, flufenamic acid, meclofenamic
acid), and coxibs (celecoxib, rofecoxib). The first four
groups inhibit cyclooxygenase-1 (COX-1) and the last
cyclooxygenase-2 (COX-2). Interest in the use of NSAIDs
started in the early 1980s when the role of uterine prosta-
glandins in the genesis of abnormal uterine bleeding was
first examined. Excessive levels of prostaglandins were
found in menstrual blood and endometrium and prosta-
glandin E (a vasodilator) receptor concentrations were
significantly higher in women with menorrhagia.**
NSAIDs have been evaluated in numerous studies,
which to date have been limited to COX-1 inhibitors. It
is unlikely that COX-2 inhibitors will be studied in view
of concerns of cardiovascular risk.” Patients subjective
perception of improvement and decrease of blood loss has
been shown in many placebo-controlled trials. A meta-
analysis including 16 randomized studies has provided no
evidence that one NSAID is superior to another.®

Effectiveness in reducing blood loss

Of the NSAIDs, the fenamates (such as mefenamic acid)
have been the most extensively studied. The fenamates
have the unique property that they inhibit prostaglandin
synthesis and also bind to prostaglandin receptors, which
are significantly increased in women with menorrhagia.®
In addition, fenamates are thought to improve endo-
metrial hemostasis.” Reductions in menstrual blood flow
range from 20% to 50%.'""" Furthermore, treatment
continues to be effective long term. A follow-up of 12-15
months after commencing treatment showed that
mefenamic acid continued to be effective.'”

Other NSAIDs such as naproxen, ibuprofen, sodium
diclofenac, and flurbiprofen also reduce blood loss.
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Table 11.1
bleeding

Non-hormonal treatments for abnormal uterine

Non-steroidal anti-inflammatory drugs
Mefenamic acid
Meclofenamic acid
Naproxen
Ibuprofen
Flurbiprofen
Diclofenac
Antifibrinolytics
Tranexamic acid
Other

Ethamsylate

The percentage reduction in blood loss varies from 25%
to 47%, depending on the agent and dosage used.®,'>'
With regard to dosing regimens, most studies have used
treatments starting with the first day of menstruation and
continuing for 5 days or until the cessation of bleeding.
Since NSAIDs are prescribed during menstruation, they
are suitable for women trying to conceive. Mefenamic acid
and naproxen are typically prescribed in a dose of 250—
500 mg two to four times daily; ibuprofen has been studied
in doses ranging from 600 mg/day to 1200 mg/day.®

Side effects

Gastrointestinal symptoms are a common side effect of
NSAIDs and these drugs are therefore contraindicated in
women with peptic ulceration. Gastrointestinal effects are
less likely with mefenamic acid than naproxen.® Overall,
since NSAID use for menorrhagia is intermittent rather
than chronic, as for treatments of conditions such as
osteoarthritis, the risk of adverse effects in otherwise
healthy women is low.

Use in women with inert or copper-bearing
intrauterine contraceptive devices

Inert intrauterine contraceptive devices (IUDs) have been
shown to at least double the MBL, whereas copper devices
increase MBL by an average of 40—50% over 6-12 months
compared with preinsertion values.”” NSAIDs are effec-
tive in reducing blood loss in women with a copper or
non-hormonal IUD. Mefenamic acid, 500 mg three times
a day from the start of bleeding, reduced MBL by 34% in
IUD users with a pretreatment MBL >80 ml and by 23%
in women with a pretreatment MBL <80 ml.'¢

Ibuprofen, 400 mg four times a day, from day 1 gave an
average reduction of 32% in MBL, although a greater reduc-
tion was seen in the inert as opposed to copper coil users."”
Naproxen also reduces blood loss by a third.'® Diclofenac

reduced MBL by 20% compared with placebo."

NSAIDs combined with other agents

There is no published evidence to support simultaneous
use of NSAIDs and other agents such as tranexamic acid
or progestogens. They are, however, commonly prescribed
together in clinical practice. This pragmatic approach
may be of benefit, since NSAIDs also reduce menstrual
pain.?

Comparison of NSAIDs and other agents

Randomized studies comparing NSAIDs with other
agents for abnormal uterine bleeding suggest both dana-
zol and tranexamic acid to be superior with respect of
decreasing blood loss*' (Table 11.2). However, danazol
and tranexamic acid are more likely to cause adverse

events when compared with NSAIDs.

Table 11.2  Comparison of medical treatments for abnormal
uterine bleeding

Treatment Reduction of menstrual
blood loss

Non-steroidal anti-inflammatory ~ 20-50%

drugs

Tranexamic acid 47-54%

Etamsylate Possibly 13% — not

clinically significant

Oral progestogens for 21 days 30-90%

Oral progestogens, luteal Ineffective

adminstration

50—-66% of women with
menorrhagia experience

Long-acting progestogen

amenorrhea between
1 and 2 years of use

Levonorgestrel intrauterine 74-97%
system

Combined oral contraceptive pill ~ 43%
Danazol 50-80%
Gonadotropin-releasing > 90%

hormone agonists

Adapted from Reference 20.
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In summary, NSAIDs can be an effective first-line treat-
ment in abnormal uterine bleeding. The degree of reduc-
tion of menstrual blood loss is modest compared to other
agents, but NSAIDs have a low profile of adverse effects
in otherwise healthy women. An additional beneficial
effect is that these drugs also alleviate menstrual pain.

Antifibrinolytics

The endometrium possesses an active fibrinolytic system.
An increase in the levels of plasminogen activators, a
group of enzymes that cause fibrinolysis, has been found
in the endometrium of women with heavy menstrual
bleeding compared to those with normal menstrual
loss.” Plasminogen activator inhibitors (antifibrinolytic
agents) have therefore been promoted as a treatment for
menorrhagia.

Effectiveness in reducing blood loss

Tranexamic acid, a synthetic derivate of the amino acid
lysine, exerts its antifibrinolytic effect through the revers-
ible blockade of plasminogen.”?* Tranexamic acid reduces
blood loss by 40—50%.%~*" Since it is taken only during
menstruation, tranexamic acid is therefore suitable for
women trying to conceive.

Side effects

Side effects of antifibrinolytic drugs, mainly gastrointesti-
nal and dose-dependent effects, are reported by about
one-third of patients.”® Adverse effects can be reduced by
limiting the number of days on which the drug is taken.
As about 90% of menstrual blood is lost during the first
3 days, medication could be limited to that time.

The main reported adverse effect of tranexamic acid is
thromboembolism. Concerns were fuelled by single case
reports about cerebral sinus thrombosis and central venous
stasis retinopathy.”** However, long-term studies in
Scandinavia have shown that the incidence of thrombosis
in women treated with tranexamic acid is comparable to
the spontaneous frequency of the condition in the female
population.”!

Use in women with inert or copper-bearing
intrauterine contraceptive devices

Tranexamic acid is also effective in women with a copper
or an inert intrauterine contraceptive device."”?* The
effect is dose dependent, with a 54% reduction in MBL
when 3 g daily was used compared to 71% when initially
6 g was given for the first 5 days of bleeding followed, if
necessary, by 3 g.

Comparison of antifibrinolytics and other agents

Comparative studies have shown tranexamic acid to
be superior to NSAIDs, oral progestogens, and etham-
sylate in reducing menstrual blood loss.'"*” However
antifibrinolytics do not alleviate menstrual pain.

Thus, antifibrinolytics should be considered as a first-
line treatment for menorrhagia. However, it is probably
prudent not to use an antifibrinolytic with the combined
oral contraceptive pill (see below).

Ethamsylate

Ethamsylate (€—aminocaproic acid) is believed to act by
reducing capillary fragility, although the precise mecha-
nisms are unknown. However, studies have produced
conflicting results, with some showing an increase in
blood loss.!""* Its use is not recommended in the UK.?°
It has been studied in women with IUDs, but the reduc-
tion of blood loss was small (<20%).343°

HORMONAL TREATMENTS

Hormonal treatments are detailed in Table 11.3.

Table 11.3 Hormonal treatments for abnormal uterine

bleeding

Oral progestogens
Norethisterone
Medroxyprogesterone acetate

Dydrogesterone

Intrauterine progestogens
Levonorgestrel IUD
Progestasert IUD

Combined estrogen/progestogens
Oral contraceptives

Hormone replacement therapy

Other

Danazol
Gestrinone
GnRH analogues

Mifepristone
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Progestogens

The use of progestogens is based on the erroneous con-
cept that women with menorrhagia principally have ano-
vulatory cycles.* However, many studies have shown that
most women with regular excessive menstrual bleeding
have normal ovulatory cycles.””

A variety of routes of administration and dose sched-
ules have been used, ranging from intermittent luteal
phase oral administration, through intramuscular injec-
tion, to continuous local administration by an IUD, each
of which has a different efficacy in distinct clinical situa-
tions; the last mentioned also provides contraception.
Owing to the lack of objective randomized controlled
trials the use of synthetic progestogens has been previously
largely empirical.

Oral progestogens

Traditionally, administration was in the luteal phase and
studies have mainly examined norethisterone. Studies
with measured menstrual loss with luteal administration
for 7 days of norethisterone, 5 mg twice daily, show either
a slight decrease or even an increase in flow.” This regi-
men is not recommended in the UK.*” However, nore-
thisterone, 5mg three times daily from day 5-26, is
effective. Of note, there have been no studies comparing
progestogens to placebo.” Side effects include weight
gain, headache, and bloatedness. There are also concerns
that progestogens used in doses greater than those needed
in progestogen-only contraception increase the risk of
venous thromboembolism.*' Limited data suggest that
medroxyprogesterone acetate reduces MBL, but there are
no publications to date regarding dydrogesterone.***

Oral progestogens at very large doses, such as 30 mg/
day, can be successfully applied to control torrential
bleeding. This is usually effective within 24-48 hours,
when the dose can be reduced and then finally stopped
over the next few days, when another, usually lighter
bleed, will occur.

DEPOI or implantprogestogens

Continued use of long-acting progestogens renders most
women amenorrheic and therefore could be considered
for use in menorrhagia. However, there are no published
data with MBL measurements.

Medroxyprogesterone acetate is available as a depot
injection (DMPA) for contraception at a dose of 150 mg
administered every 3 months. It may cause unpredictable,
irregular spotting and bleeding in the first few months of
use and can cause heavy bleeding in 1-2% of women.
However, with repeated administration, amenorrhea

becomes common and hemoglobin levels increase.*® After
1 year of use, 45-50% of women are likely to be
amenorrheic.*% There are concerns about the use of
DMPA increasing the risk of osteoporosis.”” The best-
available evidence suggests that the amenorrhea induced
by DMPA contraception is associated with a 5-10% loss
of bone, which, however, is not progressive.*** Much
depends on the patient's risk factors for osteoporosis, such
as family history and smoking. In any case, DMPA prob-
ably should be discontinued at age 40 years old to allow
resumption of ovarian cycling for the remaining 10 years
or so up to the natural menopause. The long-term skeletal
effects of DMPA in teenagers who have yet to achieve
peak bone mass is uncertain. Any fall in bone mineral
density (BMD) on starting treatment, however, seems to
reverse rapidly on stopping DMPA.

Subdermal implants (such as Implanon) that release
etonogestrel over several years are another way of admin-
istering long-acting progestogens for contraceptive pur-
poses. Like DPMA, bleeding disturbances such as irregular
bleeding and periods of prolonged bleeding are common.”

Intrauterine pVngStngﬂS

Progesterone or progestogen-releasing intrauterine sys-
tems (PPRIUS) were initially introduced in an effort to
reduce IUD expulsion, by the addition of ‘uterine-relax-
ing hormones’.’' Subsequently, prolonged use of both the
Progestasert (the first hormonally impregnated device
releasing 65 g of progesterone per day) and Mirena (a
device releasing 20 pg of levonorgestrel per day) intrauter-
ine systems was associated with a profound reduction in
MBL in women using the IUD for contraception. Twenty
percent of the women using the levonorgestrel-releasing
system  were after
1 year’s use while still continuing to ovulate.”’ The
levonorgestrel-releasing intrauterine system (Mirena) is
discussed in detail in Chapter 13.

Progestasert requires reinsertion approximately annu-
ally. The levonorgestrel-releasing intrauterine system has
to be replaced every 5 years.

intrauterine amenorrheic

Estrogen/progestogen combinations

Combined oral contraceptive pills consisting of an estro-
gen/progestogen combination are often used to reduce
MBL. When taken in a cyclical fashion, they induce regu-
lar shedding of a thinner endometrium and inhibit ovula-
tion. The exact endometrial mode of action of
contraceptive pills is unclear, and probably involves
induction of endometrial atrophy.

From clinical experience, the beneficial effect of com-
bined oral contraceptive preparations on menorrhagia is
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very well known. However, placebo-controlled random-
ized controlled trials with adequate patient numbers,
duration of at least three to six cycles and adequate
follow-up have not been conducted.*

One small study of women taking an oral contracep-
tive containing 30 pg ethinyl estradiol showed a 43%
reduction in MBL compared to baseline. No significant
difference was found between groups treated with an
estrogen/progestogen combination, mefenamic acid, low-
dose danazol, or naproxen.'* Other studies found users of
oral contraceptives less likely to experience heavy men-
strual bleeding or anemia.”

However, some trials employed a higher dose than the
30-35pg ethinyl estradiol of preparations currently in
use. It is, therefore, less clear whether low-dose prepara-
tions are as effective in reducing MBL as the higher-dose
combinations, and whether particular progestogens make
any difference. Although there is some indication that the
frequency of menstrual disturbances, such as spotting and
breakthrough bleeding, is less when the oral contraceptive
contains a relatively high dose of progestogen, no evi-
dence is available to suggest that changing the progesto-
gen influences total MBL.

The combined oral contraceptive is probably best used
when contraception is also required and it will also reduce
menstrual pain.>® This is partly caused by a fear of throm-
boembolic events, particularly in the older age groups.”
Although withdrawal bleeds induced by sequential estrogen/
progestogen hormone replacement therapy regimens are
not excessive, there have been no trials in menorrhagia.*®

Androgens

Danazol

Danazol is an isoxazol derivative of 170-ethinyl testoster-
one, which acts on the hypothalamic—pituitary—ovarian
axis, suppressing ovulation, and directly on the endo-
metrium, leading to atrophy.”’

Danazol was evaluated for the treatment of menor-
rhagia in various randomized trials and compared with
several other medical treatments. Danazol reduces MBL
by up to 80% in a dose-dependent manner.’**° It usually
leads to amenorrhea at doses >400 mg/day.®’ Danazol
reduces MBL more effectively than NSAIDs or oral
progestogens. 2

Although effective, the clinical use of danazol is lim-
ited by its androgenic side effects, which are experienced
by up to three-quarters of the patients. Side effects include
weight gain, oily skin, acne, and deepening of the voice.”
In addition, women must be advised to use barrier meth-
ods of contraception because of potential virilization of a
fetus if pregnancy occurs while on danazol treatment.

Given these side effects, danazol is probably best restricted
to women awaiting surgery. It can also be used as a short-
term endometrial thinning agent prior to endometrial
ablation.

Gestrinone

Gestrinone is a 19-nortestosterone derivative which has
antiprogestogenic, antiestrogenic, and androgenic activity.

Gestrinone was shown in a placebo-controlled study
to successfully diminish MBL and to cause amenorrhea in
patients suffering from menorrhagia.””> However, most
women treated with gestrinone experience androgenic
side effects such as acne, hirsutism, and weight gain.””®
These side effects preclude long-term therapy. Again, effec-
tive contraception needs to be used to prevent potential
fetal virilization.

Gonadotropin-releasing hormone agonists

Gonadotropin-releasing hormone (GnRH) agonists
administered continuously create a reversible hypogonad-
otropic state by down-regulation of GnRH receptors,
which blocks ovarian function and causes a hypoestro-
genic state.”” GnRH agonists reduce uterine volume by
40-60%, and many investigators have evaluated their
effectiveness in treating bleeding associated with leiomyo-
mas. GnRH agonists frequently induce amenorrhea.”’

However, there are significant disadvantages to the use
of GnRH analogues. The duration of treatment of these
agents is limited to 6 months, owing to rapid bone demin-
eralization associated with estrogen withdrawal. Further-
more, the occurrence of side effects associated with the
hypoestrogenic state, particularly hot flushes and vaginal
dryness, reduce the woman’s quality of life.”’

Concerns about bone loss and poor tolerability of
GnRH agonists have led to a number of studies on estro-
gen and progestogen ‘addback therapy’ during GnRH
agonist treatment. However, there are still concerns about
bone loss.*

The side effects of GnRH analogues usually preclude
their long-term use. However, they are highly effective in
short-term therapies such as for preoperative endometrial

thinning or fibroid shrinkage.

Antiprogestogens

Mifepristone (RU-486) is a synthetic 19-norsteroid with
antiprogestogen activity that has been shown to inhibit
ovulation and to disrupt endometrial integrity.® Mife-
pristone was recently shown to act as a contraceptive agent
and to induce amenorrhea at a dose of 5 mg/day in
the majority of women studied.®® However, there are
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concerns that it induces endometrial hyperplasia, and
further research is required.®”’

DECISION AIDS AND EDUCATION
PACKAGES

Increasing patient participation in treatment decision
making is important in view of the wide choices available.
Decision aids come in a variety of formats, including leaf-
lets, audiotapes, decision boards, computer programs,
videos, websites, and structured interviews. These were
examined in a randomized controlled trial of 894 women
with 2 years of follow-up.®® Women were randomized to
the control group, information-alone group (booklet and
video), or information + interview group (interview).
Hysterectomy rates were lower for women in the inter-
view group (38%) (adjusted odds ratio [OR], 0.60; 95%
confidence interval [CI], 0.38—0.96), than in the control
group (48%) and women who received the information
alone (48%) (adjusted OR, 0.52; 95% CI, 0.33-0.82).
The interview group had lower mean costs (US$1560)
than the control group (US$2751) (mean difference
US$1184; 95% confidence interval [CI], US$684-2110)
and the information group US$2026 (mean difference
US$461; 95% CI US$236-696. Thus, providing women
with information alone did not affect treatment choices;
however, the addition of an interview to clarify values and
elicit preferences had a significant effect on women’s
management and resulted in reduced costs.

Education packages in primary care have also
been evaluated. For example in East Anglia in the UK a
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on principles of ‘academic detailing’ with independent
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CONCLUSION
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Clinical Excellence published guidelines on heavy men-
strual bleeding.”” The guideline makes recommendations
on a range of medical and surgical treatment treatment
options. They recommended that treatments should
be considered in the following order:

(1) levonorgestrel-releasing intrauterine system
provided long-term (at least 12 months) use is
anticipated;

(2) tranexamic acid or non-steriodal anti-inflammatory
drugs or combined oral contraceptives;

(3) norethisterone (15 mg) daily from days 5 to 26
of the menstrual cycle, or injected long-acting
progestogens.

What would suit an individual patient would of course
depend on her contraceptive needs and fertility goals.
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INTRODUCTION

Since its launch, more than 9 million women worldwide
have used the levonorgestrel IUS for contraception, as a
treatment for heavy menstrual bleeding, and as the proges-
togen component of hormone replacement therapy
(HRT). For women in their reproductive years, the IUS
has become one of the most acceptable medical treatments
for menorrhagia, reducing referrals to specialists and
decreasing the need for operative gynecologic surgery.

This chapter outlines the development of the IUS,
highlighting the most important recent areas of research
covering its use to control menstrual blood loss and
pain.

It has taken several millennia of experimentation with
different intrauterine devices (IUDs) before the final
development of the intrauterine system (IUS), the ideal
contraceptive with additional non-contraceptive benefits.
Hippocrates made the first reference to the use of IUDs
and, over the centuries, numerous materials have been
tried, including wood, glass, pewter, ivory, ebony, gold,
and wool. In 1909, Richter developed a ring-shaped
device made of silkworm and Grafenberg modified the
device by covering the silkworm ring with silver wire.

By the early 1960s, inert plastic IUDs, such as the
Lippes loop and Saf-T-Coil, were introduced. These large
plastic devices were more suitable for multiparous women
but caused users to complain of increased dysmenorrhea
and menorrhagia. With their replacement by the smaller
medicated IUDs containing copper, side effects were
decreased but complaints related to menstrual bleeding
and pain remain, with about 8% of women citing these
as the major reason for discontinuation at 3 years of this
contraceptive method.'

Professor Tapani Luukkainen invented the levonorg-
estrel IUS in the 1970s. The Population Council backed
its development and Bayer Schering Pharma now markets
it as Mirena. It was known that continuous administra-
tion of progestogens, both orally or by injection, reduced
menstrual blood loss and provided effective contracep-
tion; however, reports of hormonal side effects along with
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menstrual irregularity were common. Delivering a pro-
gestogen locally within the uterine cavity could poten-
tially increase contraceptive efficacy and decrease bleeding
days compared to copper IUDs, with little systemic
absorption of hormone.

DESCRIPTION OF THE INTRAUTERINE
SYSTEM

Pharmacokinetics of the intrauterine system

The IUS has a similar shape to the Nova-T 380 copper
IUD with the vertical stem containing a mixture of 52 mg
of levonorgestrel and polydimethylsiloxane (PDMS) sur-
rounded by a rate-controlling PDMS capsule. The total
length of the system is 32 mm, with the T-shaped plastic
frame impregnated with barium sulfate, making the device
radiopaque. Two threads are attached to the loop at the
base of the IUS, which aids removal (Figure 12.1).2

This system allows a steady, local release of 20 pg of
levonorgestrel per day, initially giving few systemic side
effects (approximately the equivalent of taking two pro-
gestogen-only pills a week). There is rapid absorption of
locally released levonorgestrel from the uterine cavity, via
the capillary network in the basal layer of the endome-
trium into the systemic circulation. Levonorgestrel can be
detected in the circulation within 15 minutes of inser-
tion, reaching maximum plasma levels within a few hours.
Plasma hormone concentrations plateau within a month
(0.4—0.6 nmol/L) and are far lower than those seen with
contraceptive implants or progestogen-only contraceptive
pills. The initial release rate of levonorgestrel falls to
11 pg/day at the end of 5 years.?

Initially, it was discovered that local release of levonorg-
estrel from a prototype IUS (delivering 30 pg/day) resulted
in high concentrations of hormone in the endometrial tis-
sue (470-1500 ng/g), but this fell to 1.8-2.4 ng/g in the
myometrium or fallopian tube, and 0.1-0.2 ng/ml in the
plasma.’ For comparison, intrauterine concentrations of
levonorgestrel with the IUS are 1000 times higher than
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Levonorgestrel 470-1500 ng/g in the endometrium

Thinning of the lining of the uterus

Endometrial suppression and atrophy

Inhibition of sper_rrT movement

\ Levonorgestrel 1.8-2.4 ng/g

in the myometrial tissue

Thickening of the cervical mucus

Inhibition of sperm motility

/ Changes to the cervicouterine mucus

Levonorgestrel 0.1-0.2 ng/ml in the plasma

Figure 12.1 The levonorgestrel intrauterine system.

with a levonorgestrel subdermal implant.’ This high con-
centration of levonorgestrel in the endometrium induces
dramatic effects, leading to the unique mode of contracep-
tive and therapeutic action of the IUS.

Mode of action

Levonorgestrel is derived from 19-nortestosterone; it is a
very suitable choice for a small intrauterine system, as it is
highly progestational and therefore pharmacologically
active at low doses. Locally released levonorgestrel from
the IUS alters the cervical mucus and uterotubal fluid,
which inhibits sperm migration. It adversely affects sperm
motility and function inside the genital tract, preventing
fertilization.” There is strong suppression and atrophy of
the endometrium, with the stroma becoming swollen and
decidual, the mucosa thinning, and the epithelium
becoming inactive. Vascular changes also occur with a
decrease in mean vascular density but an increase in mean
vessel area.*

The TUS can suppress ovulation in some women in
the first year by possibly reducing the preovulatory lutein-
izing hormone surge. Most cycles from the second year
onwards are ovulatory. This suppressive effect depends on
plasma levonorgestrel levels, with marked differences
noted between users. However, there is no reduction in
plasma estradiol levels during use of the IUS, and the
presence or absence of menstrual bleeding does not reflect
ovarian activity.’

PRACTICAL ASPECTS OF THE INSERTION
AND REMOVAL PROCESS

Insertion

All health professionals providing an intrauterine contra-
ceptive service should receive formal tuition in IUD/IUS
insertion and removal and in management of common
problems. Careful patient selection will ensure high
acceptability and long-term continuance.

The IUS is broader than some copper IUDs such as
the Nova-T 380. It measures 4.5 mm in its insertion tube
and therefore local anesthesia and dilatation of the cervi-
cal canal may be necessary in some nulliparous or peri-
menopausal woman. The IUS inserter has been modified
to enable single-handed insertion and fundal placement.
Successful positioning of the IUS is important to ensure
uniform exposure of the endometrium to levonorgestrel,
improving its efficacy, and to reduce expulsion.

It is recommended that the IUS be inserted within the
first 7 days of the menstrual cycle although not during the
days of heaviest loss when expulsion is more likely. No
additional contraceptive precautions are necessary. It can
also be replaced any time during the cycle. If a copper
IUD is already in place and the IUS is to be inserted out-
side of the first 7 days, abstinence/use of a barrier method
of contraception for the previous 7 days is advised and
continued for the next 7 days after the IUS has been fitted.
Insertion of the IUS can take place at any time during the
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cycle in women using a hormonal method of contracep-
tion or if there is no risk of pregnancy. It is important
to remember that, unlike copper IUDs, there are no data
to support the use of the IUS as an emergency form of
contraception.’

The IUS can be inserted immediately after a miscar-
riage or surgical termination of pregnancy without an
increase in side effects.’ Postnatally, the insertion of the IUS
should be delayed to 6 weeks to reduce the incidence of
problematic prolonged bleeding and any potential adverse
effects for the baby if the woman is breast-feeding.®

Post insertion effects

Following insertion of an IUS, women frequently com-
plain of menstrual disturbance. Approximately 17% of
women will complain of prolonged bleeding (>8 days) in
the first month of use, with this falling to 3% at month 3.
Recent evidence also suggests that this takes longer to
settle in women with heavy menstrual loss (6 months on
average).” Some women need to be reassured about the
lack of menstruation when using an IUS. Approximately
17% will be amenorrheic at 1 year, with this increasing to
60% in some long-term users.®

Although the TUS releases levonorgestrel locally within
the uterine cavity, systemic absorption via the capillary
network in the basal layer of the endometrium leads to
steady plasma levels of 0.4—0.6 nmol/L after the first few
weeks.? There is a gradual decline in plasma levonorgestrel
levels over time but plasma levels are maintained even up
to 72 months following insertion.” For most women this
causes few problems, with studies showing that at 1 year
between 1 and 2 women out of every 100 will discontinue
using the IUS because of hormonal side effects.”'® These
progestogenic symptoms are often transient and include
mood change, nausea, headache, bloating, breast tender-
ness, fluid retention, and skin problems.®’

Removal

The IUS is easily removed by grasping the threads with
forceps and gently pulling. It is advisable to remove an
IUS at the time of a period in women of reproductive age.
Not only will it be easier at this time but it will also
reduce the chance of an iatrogenic unplanned pregnancy.
If the IUS is removed at any other time and pregnancy is
not desired, advice to avoid sexual intercourse for 7 days
before removal should be given.” Occasionally, the IUS
threads are not visible at the external os. Long-handled
Spencer Wells forceps may locate the threads if they are
within the cervical canal. If this fails, an ultrasound scan
will locate the device and IUD retrieval forceps are used
to remove the IUS from the uterine cavity.

IN-VITRO AND IN-VIVO STUDIES

At the beginning of the 1970s work began to investigate
a progestogen-releasing IUD to provide effective contra-
ception but decrease uterine contractility associated with
IUDs and therefore reduce expulsion. Investigators ini-
tially developed Progestasert, an IUS delivering progester-
one (65pg/day). This device, however, required
replacement every 12 months and was associated with an
increased risk of ectopic pregnancies. Other progestogens,
such as norethisterone were tried but success was only
achieved when Tapani Luukkainen started to consider
intrauterine placement of levonorgestrel, within a silastic
polymer, as an alternative to subdermal contraceptive
implants. A biodegradable polylactate polymer was tested
first but its release mechanism was variable. Levonorg-
estrel was then mixed with silastic and placed in a sleeve
around the horizontal arms of a T-shaped plastic device.
It proved to be an effective contraceptive, releasing hor-
mone rapidly and causing ovulation suppression. It was
also found to be effective when subjects began to ovulate
again; however, it was not commercially viable, as it
required frequent replacement. Following dose-finding
studies and the transfer of the steroid reservoir to the ver-
tical stem of a plastic Nova-T frame, a silastic sheath was
added to cover the hormone reservoir, providing a sus-
tained, steady release of levonorgestrel. The modern-day
commercial IUS was born."

CLINICAL STUDIES
Contraception

The IUS is licensed to provide highly effective contracep-
tion for a 5-year period with efficacy rates similar to tubal
occlusion. One paper quotes a cumulative 7-year preg-
nancy rate of 1.1%;'* however, the device studied con-
tained 60 mg of levonorgestrel as against the 52 mg of
hormone in the commercially marketed device, Mirena.
Recent guidance from the National Institute for Health
and Clinical Excellence (NICE) on ‘Long-acting reversible
contraception’ gives a failure rate of less than 10 in 1000
women over 5 years." The IUS is equally effective for all
age groups of women, with occasional pregnancies occur-
ring owing to unrecognized expulsion of the device.” It is
a very acceptable and immediately reversible contraceptive
with 3-year continuation rates of 75-82%.°

The levonorgestrel IUS is highly effective but if it fails
in situ there is a risk of about 1 in 20 of these pregnancies
being ectopic." However, it should be remembered that
this risk is far lower in IUS users than in women using
no contraceptive method (when the incidence is 1.4 per
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100 women).! Overall, it is estimated that the incidence
of ectopic pregnancy in IUS users is about 1 in 1000 over
a 5-year period.'Recent guidance has also supported the
use of the IUS in women who have previously suffered an
ectopic pregnancy because using such a highly effective
contraceptive will reduce their future absolute risk."

Menorrhagia (including adenomyosis and

fibroid-related)

From the very first studies, researchers found both the
progesterone-releasing IUD and levonorgestrel TUS
reduced menstrual blood flow in women. As early as
1982, Heikkila et al. showed that serum ferritin levels
increased in TUS users with normal menstrual blood loss'
and hemaglobin has also been found to rise in these
women who complain of menorrhagia."”

In 1990, 20 women with objectively measured men-
orrhagia had an IUS inserted. After 3 months, measured
blood loss was reduced by 86% and at 12 months by
97%.'° In 1991, Milsom and co-authors investigated the
use of the non-steroidal anti-inflammatory drug (NSAID)
flurbiprofen, with the antifibrinolytic agent tranexamic
acid and the IUS in women with menorrhagia.'” At 3
months, the reduction in menstrual blood (a percentage
of the mean of two control cycles) was 20.7% for flurbi-
profen, 44.4% for tranexamic acid, and 81.6% for the
IUS (95.8% by 12 months). The IUS was the only ther-
apy to bring women's mean menstrual blood loss back to
within normal range (<80 ml per menstruation). More
recent evidence shows that in women with heavy men-
strual blood loss the IUS can normalize blood flow, with
up to 35% of women being amenorrheic at 24 months.'®
When compared with mefenamic acid, another NSAID,
in a six-cycle randomized study, the IUS reduced the
median menstrual blood loss to just 5ml in women with
idiopathic menorrhagia (100 ml in the mefenamic acid
arm)." The IUS also appears to be the most effective
treatment when compared to other medical therapies
used for heavy menstrual blood loss. A three-cycle ran-
domized study compared the IUS with norethisterone
(5 mg three times a day from day 5 to day 26 of the cycle).
The authors reported that menstrual blood flow was
reduced in both groups (94% in the IUS group and 87%
in the oral norethisterone group) but only 22% of women
wished to continue treatment in the norethisterone arm
compared to 76% of women using the IUS.*

In the late 1990s, evidence was accumulating to sug-
gest that the IUS was a safe and effective medical alterna-
tive to surgery for the treatment of heavy menstrual blood
loss. In one paper, 82% of women fitted with an IUS
decided against major surgery for menorrhagia®' and in a
6-month randomized open study 64.3% of women with

menorrhagia treated with an IUS compared with 14.3%
of controls cancelled their hysterectomy.” In a 5-year
randomized control study, investigating clinical outcomes
and costs with the IUS vs hysterectomy for treatment of
menorrhagia, 42% of women assigned to the IUS group
eventually underwent hysterectomy. However, when
direct and indirect costs were calculated, use of the IUS
was cheaper than hysterectomy.” Health-related quality
of life and psychosocial well-being were similar in the two
groups.”

Endometrial resection or ablation has become more
popular over the last 15 years. Recovery rates following
surgery are far quicker and hospital stay shorter than with
hysterectomy. How does the IUS compare with this form
of minimally invasive surgery? One of the first papers
published on this subject was by Crosignani and col-
leagues who randomized women to either an endometrial
resection or IUS to control their heavy menstrual bleed-
ing.24 At 12 months, the pictorial blood loss assessment
chart (PBAC) score was reduced by 79% in the IUS users
and by 89% in those women who had undergone a resec-
tion. Amenorrhea or infrequent bleeding was reported by
65% of women using the IUS intrauterine device com-
pared with 71% who underwent a resection. Satisfaction
was high in both groups, with no significant difference in
health-related quality-of-life scores.”* Similar results have
been achieved when the IUS and endometrial resection
are studied over a 3-year treatment period. In one study,
PBAC scores decreased from a baseline median of 261.5
to 7 (p <0.001) for the IUS and from 311 to 4 (p <0.001)
for transcervical resection of the endometrium. Sixty-
three percent of women using the IUS and 76% of those
undergoing a resection completed the study.” The IUS
has also been shown to be equally effective as thermal bal-
loon ablation over a 6-month?® and 24-month study
period in European women.'® However, one paper com-
paring thermal balloon endometrial ablation (TBEA)
with the IUS in a Chinese population of women with
menorrhagia over 12 months suggested that mean hemo-
globin levels and general/mental health evaluation scores
were significantly higher in women treated with TBEA.*

Very recently, a Cochrane systematic review appraised
the literature and concluded that:

surgery, especially hysterectomy, reduces menstrual
bleeding at one year more than medical treatments
but IUS appears equally effective in improving
quality of life. The evidence for longer-term com-
parisons is weak and inconsistent. Oral medication
suits a minority of women long term.*

There are data indicating that about 13% of women
complaining of heavy menstrual blood loss suffer from
von Willebrand’s disease, a disorder of hemostasis.
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A study investigating the effect of the IUS on hemostatic
and fibrinolytic/inhibitor systems in women with menor-
rhagia has demonstrated high expression of fibrinolytic
inhibitors (plasminogen activator inhibitor 1 and 2) and
up-regulated urokinase-type plasminogen activator recep-
tor expression in the endometrium, although systemic
hemostasis was not significantly altered.” This may explain
why the TUS successfully treats heavy menstrual blood
loss where there is known pathologic causes, including
inherited bleeding disorders.”

There is some evidence to suggest that long-term use
of the IUS may reduce the number of women presenting
with fibroid-related problems and need for fibroid-related
surgery.’’ There are also reports indicating that the IUS
reduces menstrual blood loss, with a resultant rise in
serum ferritin and hemaglobin in women with fibroids,
but these effects are variable and dependent on initial
fibroid size/position and menstrual blood loss. Although
uterine size and fibroid volume is reduced in some women,
the TUS has no effect in a significant minority of
women.

In the study of Grigorieva et al., women with fibroids
(but not necessarily menorrhagia) were recruited from a
family planning unit. An IUS was fitted and mean PBAC
scores declined from 97 to 16 (» <0.001) over 12 months.*
A second study recruited women with menorrhagia who
had at least one type II myoma according to the European
Society of Hysteroscopy but a uterine volume of <380 ml.
Following IUS insertion, statistically significant decreases
in menstrual blood flow and increases in hemoglobin lev-
els were found.” A third study recruited women with
recurrent fibroid-related menorrhagia lasting more than 3
months. The median monthly PBAC score for two men-
strual cycles before treatment was 310 (much higher than
in other studies investigating the IUS in fibroid-related
menorrhagia). The PBAC score fell to 186 at 3 months
post-IUS insertion, 155 at 6 months, 108 at 9 months,
and 96 at 12 months of treatment. Heavy menstrual
blood loss (PBAC score >100) was still seen in 74% of
patients.*® Finally, in a fourth study, 10 women with
uterine myomas and increased menstrual bleeding had an
IUS inserted. Two women expelled the device and one
dropped out of the study as a treatment failure. The seven
remaining women had amenorrhea or oligomenorrhea at
6 months and their hematocrit/hemoglobin levels nor-
malized. However, there was no observed reduction in
uterine volume or flow velocity assessed by the uterine
artery pulsatility index and the series resistance index.”
Therefore, the IUS may be used successfully to treat
fibroid-related menorrhagia in the majority of women
without necessarily reducing uterine volume.

The IUS may significantly reduce menstrual blood
loss in women with adenomyosis-related menorrhagia,

although more studies are required this area.’® The TUS
may also be a useful adjuvant therapy following endome-
trial resection to help adenomyosis-related menorrhagia.
In a study of 95 women, those randomized to receiving
an IUS following endometrial resection had a higher rate
of amenorrhea, with no women requiring further surgery.
In the control arm, 19% of women underwent a second
procedure.”’

Endometriosis

The prevalence of dysmenorrhea and endometriosis is
unknown. It is thought that approximately 50% of women
in the UK will at some stage complain of moderately pain-
ful periods. Endometriosis occurs more frequently among
women being investigated for infertility (21%) but still
occurs in ‘well women’ undergoing sterilization (6%).”*
The TUS has been shown to reduce dysmenorrhoea in
the general population, with one study reporting that men-
strual pain fell from 60% before IUS insertion to 29% after
36 months of use.”” The IUS may also be a useful medical
treatment for women suffering from endometriosis-related
problems, with significant improvements in severity and
frequency of pain/menstrual symptoms found in users.
An initial study enrolled women with recurrent dys-
menorrhea following conservative surgery for endometri-
osis.*” The women agreed to have an IUS inserted and,
over the next 12 months, reported a significant reduction
in blood loss and pain, with 75% of women satisfied or
very satisfied.* Two other small, non-comparative, studies
also suggested that the IUS helped to alleviate pain at 6 and
12 months*"# and improved the disease staging®' as well
as reducing the size of lesions in patients with rectovagi-
nal endometriosis.”” Other data suggest an improvement
in the disease, with CA-125 (a marker for endometriosis)
falling over a 6-month period in women using an IUS or
treated with a gonadotropin-releasing hormone (GnRH)
analogue.” In one of these studies, however, the 3-year
IUS continuation rate was 56%, with most women discon-
tinuing in the first 12 months, citing irregular bleeding
and/or persistent pain as the reason for stopping therapy.**
The first randomized study recruited women with
moderate to severe dysmenorrhea after conservative sur-
gery for endometriosis. When assessed 12 months later,
moderate or severe dysmenorrhea recurred in 10% of
women fitted with an IUS postoperatively compared with
45% in the expectant treatment group. Seventy five per-
cent of women in the IUS group and 50% in the expect-
ant management group were satisfied or very satisfied
with the treatment received.”
More recently a 6-month multicenter randomized
controlled trial (RCT) compared the IUS with a depot
GnRH analogue for controlling endometriosis-related
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pain. Eighty-two women, aged 18—40 year old suffering
from endometriosis and complaining of dysmenorrhea
and/or chronic pelvic pain were randomized to receiving
the IUS or GnRH analogue. Both therapies significantly
reduced chronic pelvic pain from the first month onwards
and there was no difference between the groups. In both
treatment groups, women with severe endometriosis
showed a more rapid improvement in the pain scores than
women with stage I or II of the disease. However, women
using the IUS had a higher bleeding score throughout the
6-month study at all time points of observation, with
only 34% of IUS users being bleed-free in the first month
compared to 71% of patients in the GnRH analogue
group.* By 6 months, 70% of IUS users and 98% of
those receiving a GnRH analogue reported no bleeding,
with both therapies improving quality of life to a similar
extent. The reporting of sideeffects was similar for both
treatment modalities, with IUS users more likely to report
breast tenderness at months 2 and 6.%

Why does the IUS improve endometriosis-related
pain? This question has been asked by many, but the
answer is still elusive. It is known that systemic and
local progestogens reduce the expression of estrogen
and progestogen receptors within the endometrium.
This action may alter the production of local tissue fac-
tors and block endometrial DNA synthesis and mitotic
activity, leading to endometrial atrophy in eutopic
endometrium, but what about ectopic endometrium?
Surely there needs to be sufficient circulating progesto-
gen to suppress ovulation before ectopic endometrium
is affected, or perhaps there needs to be high levonorg-
estrel levels within the peritoneal cavity? A small study
showed that women who reported an improvement of
endometriosis-related symptoms 6 months after having
an IUS fitted had higher peritoneal fluid levels of levo-
norgestrel (approximately two-thirds the serum levels).*’
We also know that up to 85% of women using the IUS
are anovulatory at 3 months but most are ovulating
after 1 year; therefore, I am unsure that this successfully
explains why the IUS continues to be beneficial at 12
months or more of use.

Finally, a Cochrane systematic review in 2006 con-
cluded that there is initial evidence from one RCT meeting
their criteria® that:

postoperative use of the IUS reduces the recurrence
of painful periods in women who have had surgery
for endometriosis. However there is a need for fur-

ther well designed RCTss of this approach.48

If long-term RCTs prove that the IUS equals other
conventional medical therapies for endometriosis, the
additional advantages of a treatment potentially lasting 5
years with one device, having a proven contraceptive action

and no hypo-estrogen adverse effects, would make it a
popular choice for disease sufferers.

Endometrial hyperplasia
The authors of a paper published in 1979 stated that local

administration of progestational agents for the treatment of
adenomatous hyperplasia of the endometrium was unwise
as such a device would not reach the total surface of the
endometrium or the deeper layers of the endometrium.?
However by 1982 a progesterone intrauterine device had
successfully treated 23 out of 25 women with cystic endo-
metrial hyperplasia® and further papers followed suggested
that framed and frame-less levonorgestrel intrauterine sys-
tems might cause regression of endometrial hyperplasia.

The first paper comparing intrauterine and oral proges-
togen therapy for endometrial hyperplasia was published in
2003. An historic group of women treated with 10 mg of
medroxyprogesterone acetate for 10 days per cycle were
compared with 26 women receiving an IUS over a 3-month
treatment period. All women receiving an IUS had regres-
sion of their disease compared with 14 of 31 women taking
oral therapy, with those having the highest malignant
potential benefiting most from local intrauterine levonorg-
estrel.’! Further studies have investigated cell apoptosis and
down-regulation of estrogen and progesterone receptors in
women with endometrial hyperplasia.’>* It was shown
that progestogens regulate the apoptotic cascade and com-
pletely down-regulate progesterone receptor expression in
endometrial glands and stroma, with considerable down-
regulation of estrogen receptor expression. This effect was
markedly more pronounced when levonorgestrel was
administered locally via an TUS.>>%

These initial results suggest that the IUS has the
potential to treat early stage 1 endometrial cancers. How-
ever, caution is advised as a small case series showed that
only one of four women with stage 1 grade 1 progester-
one receptor positive endometrial adenocarcinoma had
complete histologic regression of disease within 6 months
and one had no response, with superficial myometrial
invasion found at the time of surgery.”* There have also
been several case reports in the literature of women with
an endometrial adenocarcinoma diagnosed after the fit-
ting of an IUS. This emphasizes the importance of appro-
priately investigating women with heavy menstrual
bleeding before an IUS is inserted.

COMPLICATIONS

Expulsion of the IUS, be it partial or complete, can occur
at any time after insertion, but the commonest time is at
the first postinsertion menses.



Levonorgestrel intrauterine system 85

Both expulsion and uterine perforation rates are
dependent on the skill of the attendant healthcare profes-
sional, with national guidance advising staff to undertake
a recognized supervised training program and to con-
tinue to regularly fit these devices. In such circumstances
the risk of uterine perforation and translocation of the
IUS is less than 1 in 1000 fittings.” Expulsion should also
be low, occurring in about 1 in 20 women over a 5-year
period.

Initial plasma levonorgestrel levels may disrupt ovula-
tion, delaying follicular atresia and resulting in the devel-
opment of enlarged follicles in about 12% of women with
an IUS.? These simple ‘ovarian cysts” occasionally cause
pelvic pain or dyspareunia but surgical treatment is rarely
needed and the majority (94%) resolve spontaneously
over 6 months of observation.”

The IUS requires changing every 5 years, with some
women finding the procedure invasive and the fitting
painful. One randomized study investigating the use of
the IUS vs oral contraceptives in nulliparous women
found that 64.9% of IUS users complained of mild-to-
moderate pain at insertion.”® At 12 months, pelvic pain
was more likely to be reported in IUS users, with approx-
imately 54% of IUS users reporting abdominal/back
pain compared with 40% in the oral contraceptive
group.”

The risk of developing pelvic inflammatory disease
(PID) associated with use of the IUS is low (<1 woman
per 100 who are at low risk of sexually transmitted infec-
tions [STIs]." Opportunistic screening for chlamydia
should be considered prior to inserting an IUS, particu-
larly in women with risk factors for STTIs, as uterine
instrumentation may reactivate or disseminate the infec-
tion. Evidence suggests that the risk of PID is greatest
within the first 20 days post IUD/IUS insertion.’

COSTS

Health service commissioners need to allocate resources
effectively, making best use of government and taxpayers'
money. As healthcare providers, we are often challenged
regarding the ‘up-front’ costs of providing long-acting
reversible contraceptive methods compared to permanent
contraceptive options or surgical treatments for heavy
menstrual bleeding. Are there any published studies inves-
tigating the cost-effectiveness of the IUS in these two
clinical areas? There are a small number of studies, but
caution is advised when interpreting the findings, as these
economic models are based on local costs and an indi-
vidual country's healthcare provision.

It is known that a small increase in the use of more
effective contraceptive methods will improve health, by

preventing gynecologic ill-health, and reduce costs.”
Recently, a UK cost-effectiveness analysis was performed.’
There were some limitations to the model highlighted by
the authors, including the exclusion of costs for potential
contraceptive side effects, non-contraceptive benefits, and
quality-of-life changes. However, the overall conclusions
suggested that all long-acting reversible contraceptives are
more cost-effective than using oral contraception or con-
doms even at 1 year — with the IUD, IUS, and implant
more cost-effective than injectables.

In an RCT enrolling 236 Finnish women, the health
outcomes, quality of life issues, and costs of providing
the IUS to treat women with heavy menstrual loss was
compared to hysterectomy. The trial participants were
monitored for 5 years and both groups were satisfied
with their treatment and had a similar improvement in
quality of life and psychosocial well-being. When all
costs were calculated, including the surgical costs of those
women who requested hysterectomy in the IUS group,
there was a substantial saving. In those women random-
ized to receiving the medical treatment, the cost was
US$2817 per participant compared with US$4660 for
those in the hysterectomy group.”

In New Zealand, a cost-effective analysis comparing
the IUS with thermal balloon ablation for the treatment
of heavy menstrual bleeding, based on a prospective ran-
domized trial, reported that the IUS appeared more cost-
effective.”® More recently, a detailed cost analysis
investigating hysterectomy, endometrial resection/abla-
tion, the IUS, and oral medical therapy for the manage-
ment of menorrhagia was performed. The authors used
clinical inputs estimated from the medical literature, and
the cost analysis was conducted from the perspective of
healthcare provision in Hong Kong. They concluded that
hysterectomy appears to be the most cost-effective treat-
ment for managing menorrhagia in Hong Kong.”” How-
ever, a similar analysis was undertaken using US data,
with the IUS being the most cost-effective therapy for
‘dysfunctional uterine bleeding’.*®

CONCLUSIONS

There is no doubt that the IUS is an effective medical
treatment for heavy menstrual bleeding; it is now being
advocated as the medical treatment of first choice.®
It has the advantage of offering additional contracep-
tion and treatment ‘reversibility’ unlike endometrial
ablation or hysterectomy. However, women with heavy
menstrual blood loss should be actively involved when
treatment decisions are being made. Careful preinser-
tion counseling will improve IUS continuation rates
and patient satisfaction.
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As healthcare professionals, we should also be aware
of the enormous potential for the IUS to help prevent
gynecologic disease. Increasing the provision of the IUS
as a long-acting reversible method of contraception and
offering alternative contraceptive choice at the time of
female sterilization will reduce gynecologic intervention
long term. In Newcastle-upon-Tyne, where primary and
secondary care work closely together, the number of hys-
terectomies has fallen by over 50% and female steriliza-
tion procedures by 75% in the last 10 years. This has
been achieved by increasing provision of the long-acting
hormonal contraceptive methods, particularly the TUS
(Figure 12.2).

Main clinical points

* All health professionals fitting the IUS should receive
formal tuition in correct insertion, removal, and man-
agement of common problems.

* Careful patient selection and explanation of nuisance
side effects will ensure high acceptance of the IUS and
long-term continuance.

* Women with heavy menstrual blood loss should be
appropriately investigated before an TUS is fitted.

* The levonorgestrel IUS is one of the most effective med-
ical treatments for heavy menstrual bleeding and should
be first choice for women requiring contraception but
who have not completed their family.

* Approximately 12% of IUS users will develop enlarged
follicles in the first year of use, but 94% of these will
resolve at 6 months.
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Figure 12.2  Fall in gynecology surgery with associated rise in use
of the IUS in Newcastle-upon-Tyne, UK.

Research agenda

*  More research is required to investigate the causes and
effective treatment of the irregular uterine bleeding
that occurs in some IUS users.

* Long-term studies comparing the IUS to surgical
treatments for controlling heavy menstrual blood loss
are required.

* Long-term comparative studies are required to confirm
the efficacy of the IUS in endometriosis sufferers.

* Comparative, prospective studies are required to
explore the use of the IUS in women with endometrial
hyperplasia.
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an evidence-based approach

Erik Qvigstad and Olav Istre

INTRODUCTION

Heavy menstrual bleeding (HMB) is the dominant com-
plaint in women with abnormal uterine bleeding (AUB),
even though long duration of bleeding and intermen-
strual bleeding or spotting may be of concern in some
women. These bleeding disturbances are classified as dys-
functional when no pathogenic mechanism can be dem-
onstrated. First-line therapy is usually with drugs described
by general practitioners. The efficacy of medical treat-
ment is variable, and surgical treatment often follows
failed or ineffective medical therapy. However, there has
been concern that unnecessary surgery is being performed
and that treatment of this condition is not an evidence-
based approach.!

Hysterectomy has been regarded as the definitive sur-
gical treatment for HMB/AUB and has been a very
commonly performed operation.” The uterus may be
removed by open abdominal procedure, or laparoscopic
or vaginal hysterectomy. There is evidence that the vagi-
nal® or laparoscopic routes* are associated with shorter
recovery time and fewer complications than the abdom-
inal route. Since hysterectomy is a major surgical proce-
dure with certain complications and adverse effects, and
HMB is a benign condition, many women request less
invasive alternatives. The less invasive surgical techniques,
with the purpose of removing the entire thickness of the
endometrium, were first introduced in 1981.° Since
then, numerous equipments, techniques, and procedures
have been developed.

The surgical procedures used in the management of
abnormal uterine bleeding are:

* endometrial ablation (using different systems)
* transcervical endometrial resection

* operative hysteroscopy

* hysterectomy

* myomectomy

* uterine artery embolization or occlusion.
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Since myomectomy and uterine artery embolization/
occlusion are only indicated in women with fibroids, and
are described in detail in other chapters, we will concen-
trate on the other surgical treatment options with an
evidence-based approach.

EVIDENCE-BASED MEDICINE

Evidence-based medicine (EBM) emerged as a clinical
discipline in the 1990s. EMB is dependent on the use of
randomized controlled trials, systematic reviews, and
meta-analyses. Whereas traditional medicine to a large
extent has been based on authority, the idea with EBM is
research-based practice. EMB is closely linked to the
Cochrane Collaboration, which is a worldwide network
of centers aimed at promoting EMB.

In evaluating medical practice and treatment options,
where a standardized hierarchy of evidence has been estab-
lished, systematic reviews and meta-analyses of random-
ized controlled trials have the best strength of evidence in
EBM. The randomized controlled trials, which were intro-
duced in clinical research more than 50 years ago, have
recently been given increasing importance in EMB.

With the Cochrane Collaboration as the basis for the
evidence-based approach, we will evaluate medical ther-
apy vs surgery, hysterectomy vs endometrial resection and
ablation, and compare different endometrial destruction
techniques for heavy menstrual bleeding.

Medical therapy or surgery

A main factor influencing treatment choice for AUB is
whether the woman has used first-line medical treatment
with little or no improvement of symptoms. When this
happens, women may be reluctant to retry medical treat-
ments.® In such situations, both the woman and the gyne-
cologist will be more likely to choose surgical treatment,
and Coulter and co-workers showed that women being
referred to hospital clinics had a 60% risk of having a
hysterectomy.”
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The available medical treatments include the levo-
norgestrel intrauterine system (LNG-IUS), non-steroidal
anti-inflammatory drugs (NSAIDs), antifibrinolytic
drugs, progestogens, oral contraceptives, and danazol. All
these medical therapies are at least partially effective in
reducing menstrual blood loss. It has been shown that
LNG-IUS ranks much higher than all other medical
treatments when effectiveness, side effects, length of treat-
ment, and acceptability are taken into account.® The
choice of medical treatment can, however, depend on
individual factors such as requirement for contraceptive,
dysmenorrhea, or health status.

Even though hysterectomy is a major surgical pro-
cedure, it is nevertheless virtually 100% successful in treat-
ing bleeding disorders, and for most women postoperative
problems are of relatively short duration. Satisfaction rates
after hysterectomy are very high, at over 95% up to
3 years after surgery.” Following surgery, well-known
complications such as hemorrhage, infection, and wound
healing problems may occur. There is also a relation
between hysterectomy and early ovarian failure.

Throughout the last 20 years, several less invasive
operative techniques have been introduced, chiefly endo-
metrial resection or ablation. Some of these techniques
utilize a hysteroscope (first-generation techniques),
whereas the ‘second-generation’ non-hysteroscopic tech-
niques utilize controlled application of heat, cold, micro-
wave, suction, or other forms of energy to destroy the
endometrium. Endometrial destruction techniques
require shorter operation times, and result in quicker
recovery and fewer complications than hysterectomy."!

In the Cochrane Review of surgery vs medical ther-
apy, eight trials have been included." The outcome
measures were bleeding control, quality of life, satisfac-
tion rate, adverse effects, and requirements for addi-
tional surgical or medical treatment. The trials of oral
medication vs surgery indicate that surgery is more
effective for most women in reducing menstrual bleed-
ing and improving quality of life.*!* In the latter trial,
53% of women randomized to medical treatment had
received surgery by 2 years. Women on the surgical arms
of these trials had a variety of operations, including
simple balloon ablation technique, transcervical endo-
metrial resection, and major surgery with hysterec-
tomy. There was, however, no significant variation in
the results reported by the trials comparing different
types of surgery with LNG-IUS. In a comparison of
LNG-IUS vs surgery, conservative surgery was signifi-
cantly more effective than LNG-IUS in controlling bleed-
ing at 1 year, but there was no statistically significant
difference in satisfaction rate or quality of life.'"" In a
study from 1998, we showed that there was no statisti-
cally significant difference between conservative surgery

and LNG-IUS with regard to the number of women
who reported amenorrhea at 2 and 3 years.

In the study from 2001, Hurskainen et al. compared
hysterectomy with LNG-IUS in 228 women." At 1 year
after treatment, no women in the hysterectomy group
had, as expected, any further bleeding, whereas 69% of
women in the LNG-IUS group had control of bleeding,
and 35% of women had nil or negligible bleeding. At
5 years follow-up, 48% still had the LNG-IUS in situ,
most of them with no bleeding or minimal spotting.
Among the 60 women with the LNG-IUS no longer in
situ, 50 had experienced a hysterectomy.

These results suggest that the LNG-IUS system pro-
vides a better alternative to surgery than oral medication.
Even though transcervical endometrial resection or bal-
loon ablation is more effective than LNG-IUS in reduc-
ing bleeding at 1 year, levels of satisfaction and quality of
life are quite similar after the different treatment options.
A significant proportion of women initially treated by
conservative surgery or LNG-IUS will require further
interventions, usually hysterectomy. The risk of addi-
tional surgery because of failure of the initial treatment
was significantly more likely for endometrial destruction
when compared with hysterectomy. Even though women
treated by conservative surgery may need retreatment, a
significant proportion of women will choose these treat-
ment options from a quality of life and satisfaction view-
point, even knowing that hysterectomy is the definitive
treatment for heavy menstrual bleeding.

Hysterectomy or endometrial resection/ablation

In women with ineffective or failed medical therapy for
HMB, surgical treatment often follows, and the definitive
treatment is hysterectomy. Hysterectomy is associated
with an almost 100% primary success rate and high levels
of satisfaction. However, at least a third of the patients
had a normal uterus removed (no uterine pathology)."” In
spite of the success rate, hysterectomy is a major surgical
procedure with peri- and postoperative complications, in
addition to emotional, cultural, social, and economic
costs.

The less invasive surgical techniques with the purpose
of removing the entire thickness of the endometrium may
be performed under direct hysteroscopic view or by ablat-
ing the endometrium with some form of thermal energy
to produce necrosis of the full thickness of the endo-
metrium. The newer surgical techniques are easier to per-
form, are associated with fewer complications, and are
cost saving for society, although the cost for the device
adds extra compared to the first-generation techniques.
Compared to hysterectomy, however, since additional
surgical treatment is required in a proportion of cases, the
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need for retreatment at later stage may reduce the cost
saving.

In the Cochrane Collaboration report, five random-
ized controlled trials of endometrial destruction vs hyster-
ectomy were evaluated:' two trials compared transcervical
endometrial resection with abdominal hysterectomy,'”'®
one trial compared endometrial resection with vaginal
hysterectomy," and two trials compared endometrial
resection with abdominal and vaginal hysterectomy.?!
Follow-up after surgery for all included studies ranged
from 4 months to 4 years.

There was a significant advantage in favor of hysterec-
tomy in improvement of HMB. In women undergoing
endometrial destruction, 13% had no effect on menstrual
blood loss after 1 year, but there was improvement with
longer follow-up. Women who had a hysterectomy were
significantly more satisfied both at 1 and 2 years after sur-
gery, when compared with those who had endometrial
destruction. However, duration of surgery, hospital stay, and
time to return to work were all significantly shorter with
endometrial destruction techniques when compared with
hysterectomy. Thereby, considerable short-term benefits of
endometrial destruction techniques were demonstrated.

The less-invasive surgical techniques have early ben-
efits and high rates of satisfaction, but an increasing
proportion of these women require retreatment. In a report
from the Aberdeen Endometrial Ablation Trials Group,
38% of women who had endometrial ablation received,
at a later stage, surgical treatment of some kind within 4
years compared with 1% of women who had a hysterecto-
my.** Thus, even though endometrial resection costs are
reduced, the health service provides less compared to hys-
terectomy for the management of HMB and, over time,
the cost gap narrowed because of the retreatment rate for
women having an endometrial resection. However, both
clinical experience and several reports indicate that the
results after transcervical endometrial resection are quite
skill-dependent, at least in the early learning phase.

There is good evidence that vaginal hysterectomy is
associated with shorter recovery time and fewer complica-
tions than hysterectomy by the abdominal route,>*
there is evidence that the patient will benefit from laparo-
scopic hysterectomy with respect to hospital stay, recov-
ery, and sick leave.*** With modern anesthesia, fast-track
surgery and hysterectomy being done as day surgery,
future studies may reveal further advantages in favor of
hysterectomy.

as

Comparison of different endometrial destruction
techniques

As mentioned previously, hysterectomy has traditionally
been regarded as the definitive surgical treatment for

HMB, but many women prefer less invasive surgical
treatment even when they are made aware that the success
of the treatment is not always assured.” Since the first
effective ablation technique was reported in 1981,’ a large
number of techniques have been developed to remove the
lining of the endometrium. The gold standard techniques
include laser, transcervical resection of the endometrium,
and roller ball: they are often referred to as first-genera-
tion methods. Several non-hysteroscopic techniques, i.e.
second-generation techniques, have recently been intro-
duced to make the procedure easier, quicker, and safer.
These techniques include cryoablation, hot saline solu-
tion irrigation, microwave ablation, and heated balloon
systems. The methods have been introduced to the mar-
ket with very few randomized controlled trials to assess
efficacy, safety, and acceptability.

In the Cochrane Collaboration to compare the different
methods, data were extracted from a total of 19 complete
studies.”® The first-generation techniques were compared,
as were second-generation first-generation techniques.

Apart from differences between techniques, the dura-
tion of surgery is likely to be affected by the skill and
expertise of the surgeon and hospital policy. The second-
generation techniques were in all included trials faster to
perform than first-generation techniques, regardless of
the procedures being compared. First-generation ablation
techniques required up to an extra 15 minutes treatment
time when compared with second-generation techniques.
Women undergoing ablation with some second-genera-
tion techniques were more likely to have local anesthesia,
compared to more frequent use of general anesthesia with
first-generation techniques. However, most of the second-
generation techniques require pretreatment endometrial
thinning agents. Overall, the woman’s satisfaction was
high with most procedures, and the differences found
were unlikely to be clinically significant. There was sig-
nificant heterogeneity between the trials, and large study
numbers would be needed in order to demonstrate a
significant difference in satisfaction between different
methods of endometrial destruction.

There has been little systematic attempt to compare
new methods against the gold standard of established
techniques. In the MISTLETOE study, the first-genera-
tion methods of endometrial ablation vs resection were
compared, and the conclusion was that both methods
produced similar outcomes in terms of bleeding and par-
ticipant satisfaction, but the resection methods have sig-
nificantly more complications.”” When compared with
endometrial resection, NovaSure and microwave ablation
methods were quicker and suitable for local rather than
general anesthesia.

Women with a normal uterus who wish to reduce HMB
and want to retain their uterus should be recommended



92 Modern Management of Abnormal Uterine Bleeding

endometrial destruction by first- or second-generation
techniques. The advantage of the second-generation
methods, in particular, of being performed under local
anesthesia should be taken into consideration, especially
in women who want a simple and quick procedure and in
high-risk patients. There is sufficient evidence to confirm
that second-generation techniques are technically simpler
and quicker than first-generation techniques, whereas sat-
isfaction rates and reduction in HMB are similar.*® The
problem with many of the second-generation techniques
is, however, still related to equipment reliability. In addi-
tion, many women suffering from AUB have intrauterine
pathology, which only can be detected and treated with
first-generation endometrial destruction techniques.

CONCLUSIONS

A significant number of women with heavy menstrual
bleeding will not benefit from medical treatment. The
first-line therapy with drugs has a variable efficacy and,
at best, oral medication reduces menstrual blood loss
by only 50%. The levonorgestrel-releasing intrauterine
system is more effective, and has been shown to be as
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INTRODUCTION

Since the inception of operative laparoscopic surgery, the
use of energy has remained an essential component of the
surgical armamentarium. The demand and evolution of
new energy devices continue to grow as surgeons seek
technical innovation that is robust, safe, reliable, and
effective. Mirroring the fundamental needs of laparoto-
mic and vaginal surgery, contemporary energy modalities
are customarily used to control bleeding and to mobilize,
secure, incise, and devitalize or ablate living tissues.

Guided by the Hippocratic charge to primum non nocere
(first do no harm), the ultimate aim of energy-assisted
surgery is the attainment of anatomic dissection and
hemostasis with the least amount of collateral damage and
subsequent scar tissue formation. Ideally, the surgeon’s
final view of the operative field should accurately approxi-
mate the topography discoverable after postoperative heal-
ing. Despite the continued innovation of products borne
to reduce thermal damage and then marketed as being
comparatively safer, it is the hands and mind of the sur-
geon that serve to preserve tissue integrity by reducing the
burden of delayed thermal necrosis and taking steps to
prevent excessive devitalization of tissue. Regardless of the
chosen modality, the inseparable and exponentially linked
elements of time and the quantity of delivered energy must
be integrated while purposefully moderating to attain the
desired tissue effect. Ultimately, the reduction of unwanted
thermal injury is inherently linked to good surgical judg-
ment and technique, a sound comprehension of the
applied energy modality, and the surgeon’s ability to rec-
ognize anatomic structures within the field of surgical dis-
section as well as those within the zone of significant
thermal change.

During the use of any energy-based device for hemosta-
sis, out of sight must never mean out of mind. If the bowel,
bladder, or ureter is in close proximity to a bleeder, they
should be sufficiently mobilized before applying energy.

94

Thermal energy should always be withheld until an orderly
sequence of anatomic triage is carried out. Whenever a vital
structure cannot be adequately mobilized, hemorrhage is
preferentially controlled by using mechanical tamponade
or suture ligature.

BIOPHYSICAL PRINCIPLES OF
ELECTROSURGERY

Science becomes art and art becomes function when fun-
damental principles are utilized to dictate surgical prac-
tice. Most importantly, the risk for inadvertent thermal
injury during electrosurgery can be minimized by a sound
comprehension of the predictable behaviors of electricity
in living tissue.

Typical household current is low-frequency alternating
current (AC) of (60 Hz cycles per second), which on acci-
dental contact causes well-known neuromuscular contrac-
tion, the so-called Faradic effects, by sustained nerve
depolarization. Since there is insufficient time for current
to create sustained depolarization at much higher frequen-
cies of AC (>100 kHz), the contemporary solid-state elec-
trosurgical unit (ESU) generator converts household
current (60 Hz) to very high radiofrequency (RF) current
(300-600 kHz range) to obviate this phenomenon.

Electrosurgery is achieved by the delivery of a high-fre-
quency AC from an ESU generator into living tissue by an
active electrode which is then conducted via low-resistance
pathways to a return electrode. The flow of electrons (or
electrical current) is set in motion and sustained by an elec-
tromotive force (or voltage) to complete the circuit across
the significant difference in electrical potential between the
two electrodes. Since voltage is the electromotive force that
drives the transit of charged particles across a potential dif-
ference, a greater voltage has the propensity to produce
greater thermal necrosis. Whereas the electrons are simply
electromagnetic couriers of charge, their conduction through
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the resistance (impedance) of living tissue cause secondary
thermodynamic phenomena, all culminating with an increase
in tissue temperature.

Quite clearly then, electrocautery is not electrosurgery.
Contrary to the ability to create and moderate a variety of
thermal tissue effects with electrosurgery, electrocautery
uncontrollably heats tissue on contact with a hot elec-
trode that has been primed with a direct current (DC)
Figure 14.1.

The capacity of electricity to achieve work in the form
of heat in living tissue is termed resistive heating. As liv-
ing tissue is slowly heated to and maintained at tempera-
tures >50°C, irreversible cellular damage occurs. This is
caused by deconfiguration of regulatory proteins and
denaturation of cellular proteins. If the tissue is heated to
100°C, cellular water completely evaporates (desiccation),
localized hemostasis occurs due to contraction of blood
vessels and the surrounding tissues (coagulation), and col-
lagens convert to glucose, which creates an adhesive effect
between the tissue and electrode. Temperatures >200°C
cause carbonization and charring.

Depending upon the rate of tissue temperature change
and magnitude of energy delivery, various surgical end-
points are accomplished, including cutting (vaporization
or electrosection), fulguration, and desiccation (coagula-
tion). In fact, the entire spectrum of electrosurgical tissue
endpoints is fundamentally realized by the manipulation
of current density to change the rate of tissue heating
(Figure 14.2). Electricity always seeks ground (the earth)
and follows the path of least resistance (e.g. vascular rather
than desiccated tissue).

The behavior of electricity in living tissue is generally
governed by Ohm’s Law: V'= I x R. Derivatively, current
(/) is directly proportional to voltage (V) and inversely
proportional to resistance (R). To complete a circuit,

Figure 14.1
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Figure 14.2 Current density = electrode surface area.

greater resistance requires greater electromotive force or
voltage. Power settings keyed into the ESU as watts (W)
by the surgeon correspond to the rate of work being done.
The important relationship between voltage and resis-
tance is reiterated by the derivation of power: W=17x V
and with use of Ohm’s Law, W=17? x Rand W= V?*/R.
Hence, as long as the power setting remains constant,
circumstances of higher resistance such as fat, fascia, and
desiccated or carbonized tissues at the active electrode will
require correspondingly higher output voltages to maintain
the desired tissue endpoints.

MONOPOLAR ELECTROSURGERY

During monopolar electrosurgery, an electrical current is
delivered to tissue via an active electrode (e.g. needle,
spatula, and hook) from a solid-state ESU generator and
subsequently conducted via a variety of conductive tissues
back to the ESU through the return (dispersive) elec-
trode. Although equivalent amounts of current are con-
ducted through each electrode, the dramatic difference in
thermal effects between the active and return electrodes is
simply explained by the marked discrepancy in surface
areas. Just as a magnifier can quickly incinerate a dried
leaf by focusing otherwise thermally innocuous sunlight,
the rate of heat production in living tissue by electrosur-
gery is primarily determined by the current density (i.e.
surface area): see Figure 14.2.

ELECTROSURGICAL WAVEFORMS

Viewed on an oscilloscope, the bidirectional AC output
from an ESU generator is generally sinusoidal in nature.
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Contrary to commonly held beliefs, each of the typical
output settings on the face of a conventional ESU gen-
erator, labeled ‘cut’, ‘blend’, and ‘coag’, are not necessar-
ily related to any specific tissue endpoints; rather, these
settings simply modulate the output by varying current
and voltage in relation to time, resulting in a variety of
available waveforms (Figure 14.3). The purely sinusoidal
cut waveform output is uninterrupted and has the lowest
peak voltage, whereas switching to blend and then coag
creates greater intervals of periodic interruption, with
correspondingly higher peak voltages. In order to main-
tain the same power output (W), the relatively lower
average currents of higher (i.e. 3 and 4) blend and coag
outputs automatically generate higher output voltage
(i.e. W=1IXV). Since force and voltage are synonymous
during electrosurgery, the zone of thermal damage is pre-
dictably greater from higher peak voltages associated
with blend and then coag waveforms (Figure 14.4). New
breeds of modern ESU generators incorporate automatic
control circuits to ensure that the output voltage is kept
constant (constant or automatic voltage generator). This
makes the depth of coagulation relatively independent of
the waveform setting.

T
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Figure 14.3  Electrosurgical waveforms.
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Figure 14.4 Lateral thermal damage during electrosurgical tissue
cutting is directly related to the waveform and consequent voltage
output that is keyed into the electrosurgical generation.

NON-CONTACT ELECTROSURGICAL
PHENOMENA: CUTTING AND
FULGURATION

Electrosurgical cutting (vaporization/ablation) is possible
whenever voltage is sufficient to create an electrical spark
between an electrode and underlying tissue; tissue cut-
ting is more likely to occur if the arcing remains uninter-
rupted. When it does, cellular water is superheated to
temperatures >600°C, causing explosive vaporization
secondary to the production of highly disruptive pressure
(since steam occupies six times the volume of liquid
water). Electrical sparking, the ionization of air into an
unstable plasma cloud between the active electrode and
underlying tissue, requires only 200 V. Since cut, blend,
and coag all deliver this amount of voltage, tissue cutting
can be accomplished with any of these waveforms. Using
conventional ESU generators, the zone of thermal dam-
age at the margins of a spark-borne cut is determined by
the amount of peak voltage associated with a given wave-
form. Predictably then, the thermal effects at the margin
of an incision are greatest using the highly interrupted
output of the coag waveform (see Figure 14.4). These
effects are amplified by using broad-surface electrodes,
which reduce current density. The ability to better insure
hemostasis at the cut margins using blend or coag cur-
rent can be helpful during myomectomy, when operating
down the broad ligament and along the vaginal fornices
during hysterectomy, across vascular adhesions, and to
clarify the space of Retzius in preparation for colpo-
suspension and paravaginal repair. Higher-voltage wave-
forms also facilitate electrosurgical incision of tissue types
with greater resistance, such as the omentum, subcutane-
ous fat, and desiccated adhesions. On the other hand, it
is more prudent to utilize the lower-voltage cut waveform
via the edge of an electrode for electrosurgical incision
whenever lateral thermal spread may pose extra liability
to adjacent tissues, such as the ovarian cortex during cys-
tectomy and the ureter or rectum during excision of
endometriosis from the lateral pelvic sidewall or cul-de-sac.

Fulguration is the application of high-voltage sparking
using the coag waveform to coagulate a broad surface
with open vessels on end (up to 2 mm) where mechanical
coaption is not feasible or desirable. Despite the high-
voltage output, fulguration is quickly rendered useless in
a wet surgical field due to ready conduction and diffusion
of net current density. As opposed to the continuous ion-
ization pathway and high current density propagated by
the uninterrupted cut waveform, the output of the coag
waveform sparks intermittently, resulting in a very dis-
persed target zone. The higher peak voltage of the coag

waveform also creates much higher tissue, temperatures
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sufficient to carbonize tissue resulting in an easily dis-
lodged coagulum with superficial crusting. This rapid
change in surface temperature self-limits the depth of sig-
nificant thermal change during fulguration. These char-
acteristics are especially useful for attaining hemostasis of
small open bleeders as well as along the undersurface of
the ovarian cortex during cystectomy, atop the myome-
trial bed during myomectomy, and alongside Cooper’s
ligament during colposuspension. If bleeding in the vicin-
ity of the bowel, bladder, or ureter cannot be controlled
with pressure alone, carefully directed short bursts of
non-contact coag current with a broad-surface electrode
can attain effective hemostasis with the least-possible
amount of electrosurgical penetration.

CONTACT ELECTROSURGICAL
PHENOMENA: DESICCATION AND
COAGULATION

Regardless of the selected waveform, current density is
dramatically reduced whenever an active electrode comes
into significant contact with a tissue surface. Just as heat
is noticeably reduced on withdrawal of a magnifying
glass from a curling leaf, tissue is heated more slowly on
contact, resulting in gradual cellular dehydration or des-
iccation. As the rate of tissue heating is substantially
slower than during vaporization or fulguration, the
depth of thermal damage is predictably deeper and more
widespread during contact desiccation. Whereas desic-
cation is inherently related to manipulation of electrode
surface area, the applied waveform can also affect the
volume of thermal damage Unsurprisingly, the rapid
surface heating from higher peak voltages associated
with the blend and coag waveforms precludes deeper
current penetration and results in more superficial zones
of thermal change. On the other hand, the lowest peak
voltage cut waveform heats tissue more gradually, lead-
ing to deeper and more effective penetration. These bio-
physical principles can be used to moderate and direct
electrosurgical treatment for endometriosis. Since super-
ficial peritoneal implants commonly penetrate more
deeply into the retroperitoneal tissues, these lesions may
be best ablated using a large surface electrode in contact
using a cut waveform. In contrast, superficial implants
on the ovarian cortex may be more prudently ablated
using coag waveform to minimize widespread thermal
injury to normal follicular cortex. And finally, surgeons
should give their highest attention to white rather than
blackened areas of electrosurgical injury (e.g. bowel), as
these typically represent deeply penetrating injury from
inadvertent contact desiccation.

PROBLEMS UNIQUE TO LAPAROSCOPIC
MONOPOLAR ELECTROSURGERY

The potential for aberrant and unrecognized injury to tis-
sue such as the viscera during monopolar laparoscopic elec-
trosurgery is magnified by the fact that nearly all of the
potential conductors during laparoscopic monopolar elec-
trosurgery are out of the surgeon's field of view. These
conductors include the abdominal wall, all metallic trocar
sheaths and instruments, an operating laparoscope, adja-
cent tissue (including bowel), and the active electrode. Not
surprisingly, most inadvertent electrosurgical insults are
not recognized at the time of the laparoscopic procedure.

Insulation failure

The integrity of insulation along the entire shaft of an
active electrode is essential to preclude an alternative path-
way for the flow of current. If the defective portion of
insulation contacts tissue during electrode activation, an
electric arc will bridge directly from the electrode through
the defect to this tissue. Thermal damage will occur if the
current density is high enough to significantly heat the
tissue. Since these defects are usually out of the field of
view, this type of injury usually proceeds undetected at the
time of insult.

Direct coupling

Direct coupling of current occurs whenever an activated
electrode makes unintended contact with another metal
object in the area of the surgical field such as a suction-
irrigator probe or tissue probe. Provided these instru-
ments are passed within all metal cannulas, coupled
currents are conducted back to the dispersive electrode
via the abdominal wall. On the other hand, isolation from
the abdominal wall by a non-conductive plastic cannula
will isolate this current, which may then take an alterna-
tive pathway through a point of contact with adjacent
tissue such as bowel. Depending upon the current density
at the point of contact, a clinically significant burn may
evolve.

Capacitive coupling

Capacitive coupling is the induction of current to a sur-
rounding conductor such as a metal trocar through the
intact insulation of an active electrode. As in direct cou-
pling, this current can be returned to the dispersive elec-
trode by conduction via the metal cannula and then the
abdominal wall. If the metal trocar sheath is attached to
the abdominal wall by a non-conductive device, the
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Figure 14.5 Capacitively coupled fault condition hybrid
system.

induced current becomes electrically isolated from the
abdominal wall (Figure 14.5). Contact between the iso-
lated cannula and the bowel provides an alternative path-
way for this stray current to discharge. Provided the
current density is sufficiently concentrated by a small area
of contact, significant thermal damage can occur. Overall,
an all-metal system will serve to safely conduct any
induced current back to the dispersive electrode. Capaci-
tive coupling does not occur during bipolar electrosur-
gery, due to the bidirectionality of the current flow along
the active electrode.

BIPOLAR ELECTROSURGERY

Bipolar electrosurgery consolidates an active electrode
and return electrode into an instrument which are sepa-
rated by a small distance. The consequently lower power
requirements are customarily matched with the uninter-
rupted cut waveform. Dissimilar from monopolar elec-
trosurgery, the intervening tissue is part of the electrical
circuit rather than the patient. This obviates the need for
a dispersive electrode, as current returns to the ESU gen-
erator back up the active electrode.

The ability to coaptively heat tissue between two elec-
trodes provides a number of benefits including the ability
to limit the volume of affected tissue, a reliable method to
occlude and seal blood vessels, and the capacity to effec-
tively heat tissue that is immersed in fluid.

Despite the isolation of tissue between the bipolar
electrodes, thermal damage may occur well beyond their
confines. Desiccation of tissue percolates heated intracel-
lular water into adjacent tissues. The unabated applica-
tion of current after attaining this endpoint can propagate
a secondary thermal bloom that disruptively bubbles

steam throughout the surrounding parenchyma. Further
application of current using older ESU generators may
heat enough to carbonize and cause a sticky tissue amal-
gam. These adverse phenomena are best prevented by
terminating current on tissue whitening and when water
vapor can no longer be seen to percolate from the heated
tissue. Despite its propriety for determining the endpoint
for bipolar tubal sterilization, use of an in-line ammeter,
which meters the flow of current between the tissue and
the jaws of the bipolar grasper, does not prevent this
problem. Rather, it tends to promote overdesiccation of
tissue. Since larger coapted tissue pedicles generate greater
heat, unwanted thermal damage can also be minimized
by selectively utilizing the sides or tips of a slightly open
bipolar device to directly tamponade and then desiccate
with the episodic application of current. Rather than sub-
jecting a desiccated pedicle to mechanical trauma, an
electosurgically frozen pedicle can usually be dislodged by
activating the active electrodes while immersed in a con-
ductive irrigant.

The latest advances in bipolar electrosurgery arise from
the evolution and development of instant feedback tech-
nology that delivers either pulsed or continuous electrical
output with constant voltage by only moderating the out-
put current. This new breed of ESU generators are paired
with a variety of novel ligating—cutting devices which are
manufactured to provide continuous feedback about tis-
sue impedance (resistance) at the treatment site. By near-
instantaneous response to incremental changes in tissue
resistance, total energy delivery using these newer devices
is dramatically less than conventional bipolar systems.
Once tonal feedback from the generator signals complete
desiccation of the tissue bundle, the pedicle is typically cut
by advancing a centrally set mechanical blade. These
devices should logically reduce tissue carbonization, stick-
ing, plume, and lateral thermal damage. As a general rule,
low-voltage bipolar desiccation of coapted vessels is more
effective under reduced tissue tension.

To date, there are three innovative bipolar platforms
that utilize low constant voltage and impedance feedback
along with paired ligating—cutting devices. Having estab-
lished that vessel wall fusion can be achieved using electri-
cal energy to denature collagen and elastin in vessel walls
to reform into a permanent seal, The LigaSure Vessel Seal-
ing Device (Valleylab, Boulder, CO) applies a high coap-
tive pressure to the tissue bundle during the generation of
tissue temperatures <100°C; hydrogen cross-links are first
ruptured and then renature, resulting in a vascular seal
that has high tensile strength. The second platform, the
PlasmaKinetics Cutting Forceps (Gyrus Medical Minne-
apolis, MN), delivers pulsed energy with continuous
feedback control. A third device, the EnSeal Laparoscopic
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Vessel Fusion System (SurgRx, Inc., Palo Alto, CA) utilizes
a set of plastic jaws embedded with nanometer-sized
spheres of nickel that conduct a locally regulated current.
Desiccation is facilitated by simultaneously advancing a
mechanical blade that both cuts and squeezes the tissue
bundle to eliminate tissue water.

The clinical evaluation of new bipolar ligating—cutting
devices should reach well beyond their capacity to simply
desiccate and cut tissue. Other pivotal considerations include
the relative responsiveness to variable tissue content, tis-
sue tension, and efficacy in fat as well as the propensity
for smoke production and tissue sticking. Each instru-
ment should also be evaluated as an operative instrument,
including the relative ability to grasp, elevate, dissect, and
coapt tissues of variable densities and girth.

ULTRASONIC ENERGY

Using the dynamic tissue effects of applied mechanical
energy, ultrasonic blades and shears can be used to effec-
tively coagulate and cut tissue using a number of technical
maneuvers that correspondingly alter tissue density. Tissue
effects from ultrasonic energy are actuated by a titanium
blade of variable excursion that vibrates nearly 60000
times per second from an in-line piezoelectric crystal
housed in the hand-piece of the device. The high-frequency
vibration in tissue causes a low-temperature protein
denaturation by rupturing the hydrogen bonds of tissue
proteins, thereby limiting the extent of lateral thermal
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HISTORICAL

Abnormal uterine bleeding (AUB) affects approximately
20-25% of premenopausal women. The prevalence
increases with age and peaks just prior to menopause.’
Traditionally, treatment of AUB included a variety of
medical therapies, dilatation and curettage (D&C), and
hysterectomy. Hysterectomy is a definitive treatment of
AUB and is associated with high rates of patient satisfac-
tion. However, public attention to inflated hysterectomy
rates and evaluations of its risk and cost benefits has
shifted the philosophy and practice of healthcare provid-
ers to exploring alternative therapies to hysterectomy,
including endometrial ablation.?

Hysteroscopic endometrial ablation using the Nd:YAG
(neodymium—yttrium aluminum garnet) laser was
described by Goldrath in 1981. Resection with a loop
electrode was described by Hallez in 1985 and electroco-
agulation, first with a loop electrode and subsequently
with a rollerball electrode, were described by DeCherney
and Polan in 1983 in the USA and by Lin et al. in 1988
in Japan, respectively.?

In 1985, Hallez et al. described the continuous flow
gynecologic resectoscope. The initial instrument consisted
of a 2.7 mm diameter telescope, a working element with
passive action that allowed articulation of the active elec-
trode, an inner sheath allowing inflow of irrigation/disten-
tion liquid, and an outer sheath for outflow of the irrigant
liquid (diameter 6.3 mm).” This system, in contradistinc-
tion to the urologic resectoscope, allowed continuous irri-
gation of the uterine cavity. The irrigant solution used was
glycine (1.5%). In December 1989, the Food and Drug
Administration (FDA) approved the use of the resecto-
scope in the USA for gynecologic indications.

In the USA, electrocoagulation of the endometrium
with the rollerball electrode was first reported by Vancail-
lie in 1989.% He used a 2 mm rollerball at power outputs
of 40-70 W coagulation waveform and a combination of
dextran 70 and 10% dextrose irrigation solution. After
6-11 months of follow-up, 14 of 15 treated women
reported amenorrhea (66.7%) or hypomenorrhea
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(26.7%).* In 1990, McLucas reported on 12 women with
menorrhagia treated with endometrial ablation, under
concomitant laparoscopic observation, using a 2.2 mm
rollerball at 100 W of cutting waveform and sorbitol 3%
to irrigate the uterus. Nine patients were pretreated with
danazol (800 mg/day) for 1 month prior to ablation. The
short-term results were amenorrhea in 8 (67%) women
and hypomenorrhea in 4 (33%) women.

In 1990, Townsend and colleagues performed
rollerball coagulation of the endometrium in 50 women
with menorrhagia.® The endometrium was thinned pre-
operatively with danazol (800 mg/day), oral contracep-
tives, or Provera (medroxyprogesterone acetate; 400 mg,
intramuscularly [IM]). The authors used a 2.5 mm roll-
erball with varied coagulation power, between 50 and
100 W, and various uterine irrigation liquids (primarily
sorbitol 3%). They noted that with 50 W of power there
was a ‘fair’ degree of endometrial coagulation, whereas
with 70 W and 100 W there was ‘moderate’ and ‘thor-
ough’ coagulation, respectively. Therefore, they adapted
90-100 W as the most effective coagulation power for
endometrial ablation. At 12 months of follow-up, 10 of
25 (40%) women had amenorrhea, 10 of 25 (40%) had
spotting, and 5 of 25 (20%) had light menses. The other
25 women also received medroxyprogesterone acetate
(400 mg IM) in the recovery room following rollerball
ablation, and all were amenorrheic at 12 months.®

In 1992, Daniell and associates reported on hystero-
scopic endometrial rollerball ablation in 64 women with
menorrhagia. The ablations were performed using a
2.5 mm or 4 mm rollerball, 1.5% glycine irrigant solu-
tion, and 100 W of cutting waveform supplemented, at
times, with 50 W of coagulation waveform. At 18 months
follow-up, women reported amenorrhea (30%), spotting
(26%), hypomenorrhea (34%), no change (6.6%), or
increased menstrual flow (3.3%). Seven women (11%)
received repeat ablation and 4 (6%) required subsequent
hysterectomy.”

By the mid 1990s, the technique of hysteroscopic
endometrial ablation was adopted worldwide by many
gynecologists as an alternative therapy in women with
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AUB who had failed medical therapies or D&C, who
were at risk for hysterectomy, or who wished to retain
their uterus. The technique, referred to as rollerball abla-
tion, uses various size and shapes of electrodes (roller-
balls—bars—barrels, some with grooves or spikes) has
enjoyed the most popularity amongst gynecologists.

PRE-ENDOMETRIAL ABLATION
ASSESSMENT

The aim of rollerball ablation is to destroy, rather than to
remove, endometrial tissue. Thus, the endometrial cavity
should be adequately assessed and evaluated prior to abla-
tion in accordance with established clinical practice guide-
lines." In addition to the standard history, physical and
pelvic examination, Papanicolaou smear, complete blood
count, and coagulation profile, it is good clinical practice
to perform endometrial sampling within the past 6
months (e.g. office biopsy, D&C), pelvic imaging
(e.g. sonography on days 5-7 of the cycle, magnetic reso-
nance imaging [MRI], computed tomography [CT] scan),
and/or hysteroscopy prior to rollerball ablation."*

PATIENT COUNSELING, EDUCATION,
AND INFORMED CONSENT

Prior to endometrial ablation, women should be made
aware that the procedure is irreversible and relatively safe
(complication rates lower than hysterectomy) and that
the goal is to reduce bleeding, not to produce amenor-
rthea. Conversely, patients should be advised that amenor-
rhea is a possible outcome of the treatment. Women
should also be informed that there may be a need for
further treatment, including medical therapies, repeat
ablation, and/or hysterectomy, if initial ablation fails to
control their bleeding.

It should also be emphasized that rollerball ablation
should not be performed in women who wish to preserve
their fertility, nor should it be used as a means for contra-
ception. Additional methods of family planning should be
addressed and documented, since intrauterine and ectopic
pregnancies have been reported after endometrial abla-
tion.® Although shrinkage and fibrosis of the uterine cavity
occur after endometrial ablation/resection, a significant
number of women have patent fallopian tubes (13%)
despite coagulation of the tubal ostia.” Therefore, con-
comitant laparoscopic or hysteroscopic tubal occlusion
should be offered in patients who require contraception.
The nature of rollerball ablation, possible complications,
clinical outcomes, and alternative treatments should be
outlined. Specific complications associated with rollerball

ablation, such as cervical tears, partial (false passages) or
complete uterine perforations, hemorrhage, excessive fluid
absorption, and thermal injuries to viscera and/or lower
genital tract, should be disclosed. Major complications
may require the need for possible exploratory laparoscopy,
laparotomy, and additional corrective surgery, such as the
need for hysterectomy. All of these potential but serious

risks should be disclosed.

CONTRAINDICATIONS TO ROLLERBALL
ABLATION

Rollerball ablation should not be performed in the pres-
ence of undiagnosed intrauterine pathology such as endo-
metrial hyperplasia, polyps, myomas, known genital tract
malignancy, acute pelvic inflammatory disease (PID),
intrauterine pregnancy, women wishing to preserve their
fertility, and those who expect amenorrhea as a clinical
outcome. Inadequate training, unfamiliarity with the
ablation technique, and lack of appropriate equipment
are also a contraindication to rollerball ablation.

PREABLATION ENDOMETRIAL THINNING

Intuitively, a smaller endometrial cavity with thin endome-
trium should be faster and easier to coagulate. In addition,
it has been theorized that a thin endometrium may be
associated with less irrigant fluid absorption, fewer intraop-
erative complications, and possibly result in better clinical
outcomes. The initial impression of the pioneers of hyst-
eroscopic endometrial ablation was that the use of proges-
tins resulted in the poorest preparation of the endometrium
and that gonadotropin-releasing hormone agonists
(GnRH-a) provided the best preparation.®'

In one study, the authors pretreated 25 women
with AUB with one of medroxyprogesterone acetate
(200 mg IM), norethindrone acetate (5 mg/day), danazol
(600-800 mg/day), or leuprolide acetate (7.5 mg IM) at
least 6 weeks prior to hysteroscopic endometrial resection
using 110 W of cutting waveform. Histologically, proges-
tin therapy was the least successful in suppressing any of
the elements studied (vessels, glands, stroma, thickness).
After progestin therapy, the endometrium appeared
decidualized and the stroma showed diffuse vascular pro-
liferation and edema. The suppressive effect of danazol
was inconsistent, and the effects were correlated to differ-
ences in dose and duration of therapy. The histologic
findings in the GnRH-a group were the most consistent
and effective in thinning the endometrium. However,
measurements of the thermal damage revealed that the
specimens pretreated with progestins had the greatest
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extent of thermal effect, with a mean depth of thermal
damage of 217 pm as contrasted with the mean damage
in danazol-treated tissue and leuprolide-treated tissue of
175 and 141 pm, respectively.'” The significance of the
thermal injury to tissue remains unresolved.

A Cochrane review concluded that, in general, a
GnRH-a produces slightly more consistent endometrial
thinning than danazol, whereas both GnRH-a and dana-
zol were more effective in inducing endometrial thinning
than progestogens, placebo, or no pretreatment. There
was no difference between progestogens and no pretreat-
ment in inducing atrophy of endometrial glands, adequate
endometrial thinning, and reducing endometrial thick-
ness.'" The reviewers concluded that endometrial thinning
prior to hysteroscopic endometrial ablation improves both
the operating conditions for the surgeon and short-term
postoperative outcome. The beneficial effects of pretreat-
ment with GnRH-a or danazol on longer-term postopera-
tive outcomes, such as amenorrhea and the need for further
surgical intervention, reduces with time."" The Cochrane
review reported that, in general, when compared with no
pretreatment, the GnRH-a drugs are associated with a
shorter duration of surgery, greater ease of surgery, and a
higher rate of postoperative amenorrhea at 12 months.
Postoperative dysmenorrhea also appears to be reduced.
The use of GnRH-a has no effect on intraoperative com-
plication rates and patient satisfaction is high regardless of
the use of any preoperative thinning agent."

Data on endometrial thinning prior to rollerball abla-
tion are very limited. One randomized study reported
outcomes following pretreatment with GnRH-a (7 =30)
vs danazol (7= 30)"? and another study following GnRH-a
(n=10), danazol (n=10), progestogen (7=10), and no
treatment (z=10)."? The studies concluded that GnRH-a
and danazol provided adequate endometrial preparation
before rollerball endometrial ablation.

TECHNIQUE OF ROLLERBALL ABLATION
Cervical priming/ripening

Prior to introducing a 24-27 Fr (8-9 mm) resectoscope,
the cervical os must be dilated up to 10 mm in diameter.
To prevent vaginal and/or cervical tears caused by the ten-
aculum, or lateral cervical tears and/or cervical and uterine
perforation caused by the dilator, cervical priming or rip-
ening is recommended. The use of 400 pg of misoprostol,
given 12 hours prior to operative hysteroscopy (orally or as
vaginal suppository), has been shown to be beneficial over
placebo in the ease of cervical dilatation. This benefit was
seen in both premenopausal and postmenopausal women,
and in those pretreated with GnRH-a.'* In a randomized

study, both misoprostol and laminaria were shown to be
equally effective in inducing proper cervical priming prior
to operative hysteroscopy.” Cervical priming should be
considered in women who are nulliparous, did not have a
vaginal delivery, were pretreated with GnRH-a, or had
cervical surgery for dysplasia, and in all postmenopausal
women.

Anesthesia and patient positioning

Cervical dilatation and rollerball ablation can be per-
formed under general anesthesia, regional analgesia (epi-
dural or spinal), or conscious sedation with or without
para-(intra)-cervical block. Once the patient has been
adequately anesthetized, the surgical table must remain in
horizontal position to avoid air or gas embolism through
the uterus. This rare but potentially lethal complication
may occur when air or gas bubbles intravasate when the
patient is in Trendelenburg position (placing the uterus
above heart level).'°

Cervical dilatation

Prior to attempting cervical dilation, the size, shape,
mobility, and especially the uterine position must be
determined by bimanual examination. A double-toothed
tenaculum is then applied to the anterior lip of the cervix.
The double-toothed tenaculum may be less prone to
cause cervical tears because of its four-point attachment
rather than the two-point attachment of the single-toothed
tenaculum. If excessive traction on the cervix is required,
and the tenaculum attachment is tearing, a single-toothed
tenaculum may be applied to the posterior lip of the
cervix. This simultaneous traction on both tenaculi
frequently avoids cervical tears during difficult dilatation
of the cervix.

Cervical stiffness encountered during dilatation can be
minimized by intracervical injection of 10—15 ml of vaso-
pressin or Xylocaine (lidocaine) with 1:200000 epineph-
rine solution.' The initial smaller dilator or uterine sound
should pass freely with no resistance through the cervical
canal. If resistance to the initial dilator/uterine sound is
encountered, the cervical canal should be visualized with
a smaller diagnostic hysteroscope, and dilatation can be
achieved once the opening is visualized. Once the desired
dilatation is achieved, the last dilator should be left in
place to avoid air embolism through possible cervical tears
or perforations.

Irrigation/distention liquids

The use of ‘monopolar’ radiofrequency (RF) resecto-
scopes requires non-conductive (salt-free) solutions.



Hysteroscopic rollerball endometrial ablation 103

Non-electrolytic or non-ionic solutions include amino
acids (glycine 1.5%, 3%) or several sugars alone or in
combination (sorbitol 3.3%, mannitol 5%, and dextrose
in water 5%). The preference of the solution varies in
accordance with physician training and experience, local
preference, and personal bias. All solutions are non-
physiologic and hypotonic, except mannitol, and all result
in hyponatremia when excessive intravasation occurs.'®
From a theoretical point of view, mannitol may be a safer
solution to use because it is isotonic and induces diuresis.
However, acute hyponatremia in rabbits resulted in equal
mortality (approximately 30%) following either isotonic
or hypotonic hyponatremia, although there was less brain
edema caused by mannitol."” In our center, we have used
glycine (1.5%) in over 5000 operative hysteroscopic pro-
cedures with no major complications and no deaths
attributable to the irrigant solution.

Electrosurgical generators/units

For rollerball endometrial ablation, any modern electro-
surgical unit (ESU) can be used. The two main safety
features that an ESU should have are isolated circuitry
and contact quality monitoring system (CQMS). Two
frequently used CQMS are the return electrode monitor-
ing (REM) system and the neutral electrode safety system
(NESSY). The CQMS use a small alternating current
(AC) and voltage across the two halves of the split pad to
evaluate the electrode-to-patient contact impedance. All
modern ESUs are isolated, meaning they are not refer-
enced to ground. The electrosurgical AC flows between
the ESU, the active electrode (rollerball, bar, barrel, etc.),
through the uterus and patient, and back to the ESU,
through the dispersive split pad electrode attached to the
patient’s thigh or buttocks.

Electrosurgical power (wattage)

The power output of the ESU is given in watts:
Power (W) = voltage (V) x current (A)
Energy = 1 W x 1 second = 1 Joule.

All ESUs are designed to deliver two waveforms of volt-
age: a continuous waveform, having low peak-to-peak
voltage (<3500 V p-p uploaded), used to cut and referred
to as cut or low-voltage waveform; and an intermittent,
modulated (damped) waveform, peak-to-peak voltage, up
to 10000 V to fulgurate capillary bleeding beds (coagu-
late). This latter waveform is referred to as coag or high
voltage and is designed to coagulate or fulgurate tissue.
These intermittent bursts of the coag waveform are deliv-
ered at 30000 to 40 000 per second. By varying the time
duration interval and peak-to-peak voltage of each burst

of power, electrical engineers have created a variety of
combinations of waveforms, frequently referred to as blended
waveforms. For example, most ESUs deliver five modes:
pure cut (low-voltage) continuous waveform, blend 1,
blend 2, blend 3, and coag (higher-voltage) waveforms;
the corresponding duration delivery for the currents are
on 100%, 80% on 20% off, 60% on 40% off, 50% on
50% off, 6% on 94% off duty cycle in time. The ESU
modes deliver the wattage displayed regardless of mode,
and the number of joules is the same provided that the
control settings are equal. Therefore, the pure cut mode will
cut or vaporize tissue at a lower setting than blend or coag
modes due to continuous (100%) delivery of current.'®

Electrosurgical power density

Power density (PD) is power delivered in watts, divided
by the surface area of the active electrode:

PD = W/cm?

This means that a 2.5mm diameter rollerball electrode
delivers four times higher power density to the tissue than
a 5mm diameter rollerball. This explains the paradox
that a smaller electrode may perform the ablation faster
and more efficiently than a larger one. Furthermore, elec-
trons tend to marginate on the edges of some specially
shaped electrodes called grooved or spiked electrodes.
This phenomenon of electron margination increases the
power density in the edges, referred to as edge density,
and causes vaporization of tissue with these electrodes
rather than desiccation or fulguration. However, the
power required to vaporize tissue is in excess of 200 W of
cut (low-voltage) waveform. Such electrodes are fre-
quently referred to as vaporizing electrodes.'®"

Electrosurgical power and waveforms

Controversy exists as to what power (wattage) and wave-
form (cut, blend, or coag) surgeons should use during
rollerball endometrial ablation to optimize ease and speed
of ablation, patient safety, and clinical outcomes. An in-
vivo study of uterine electrosurgery demonstrated that
rollerball coagulation at 75 or 100 W applied for 1-5
seconds results in endomyometrial necrosis of 3.30-3.77
mm depth (mean=3.59 mm).** Therefore, it has been
recognized that approximately 100 W = 20 W of power is
required to cause sufficient desiccation of endomyometrial
tissue for the desired clinical effect.

The use of wattage in the cut mode to ablate the endo-
metrium with rollerball is more difficult and frustrating
for the surgeon. With the use of wattage in the cut mode,
the rollerball (bar) electrode very rapidly becomes covered
by coagulated tissue and debris, which increases the elec-
trode—endometrium interface impedance and decreases
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further desiccation of endomyometrium. Many surgeons
know that the easiest way to clean such a ‘gummed up’
electrode is to briefly step on the coag mode of the ESU.
The high voltage (plasma) of the coag mode burns away
all the desiccated tissue and debris, producing a very shiny
clean rollerball (bar) and eliminates the need to withdraw
the resectoscope and clean the electrode manually. Fur-
thermore, this ‘gumming up’ of the electrode may cause
arcing and burning of the insulation next to the rollerball.
This, in turn, may cause arcing/coupling to the telescope
or outer sheaths/cannulae, which may result in vaginal
burns.”"** During rollerball endometrial ablation, it is
important to have a consistent low impedance between
the electrode and the tissue to be desiccated, to ensure
uniform delivery of the ESU’s output power. Coagulated
tissue built up on the electrode will clearly affect uniform
desiccation of the endometrium with each pass of the
rollerball.

There is controversy on whether the use of low-voltage
(cut) waveform is safer than high-voltage (coag) wave-
form on minimizing genital tract burns due to stray cur-
rents associated with all monopolar RF resectoscopes.’ %
Recent evidence indicates that in the presence of normal
electrodes, the magnitude of surge currents into the working
elements of resectoscopes is the same (up to 500-600 mA)
whether one uses high- or low-voltage waveforms.?
Furthermore, genital tract burns have been experienced
from the use of both high-voltage (coag) waveform dur-
ing rollerball ablation and low-voltage (cut) waveform
during endometrial resection with loop electrodes.*

The final controversy is whether the low-voltage (cut)
or high-voltage (coag) waveforms desiccate endomyome-
trial tissue deeper and produce better clinical outcomes.
There have been limited in-vivo studies addressing the
degree of thermal injury to the uterine wall. One study
addressed the effects of power (wattage) and waveforms
(cut and coag modes) during endometrial ablation.” This
in-vitro study, using a small number of extirpated hyster-
ectomy specimens, concluded that the amount of thermal
injury correlated linearly but weakly with the amount of
wattage used for either current (waveform). The correla-
tion coefficients of thermal myometrial injury vs wattage
were 0.36 (15-80 W) and 0.38 (40-160 W) for the coag
and cut waveforms, respectively.”” The cut (low-voltage)
waveform required >90 W for a 3 mm depth of myo-
metrial injury compared to a required 55 W of coag
(high-voltage) waveform for the same result. Higher levels
did not result in a significant difference in depth of dam-
age, with a maximum depth of damage of 4.2 mm or
18% of the myometrium. Power and waveform alone do
not appear to be clinically significant determinants of the
amount of thermal injury occurring during endometrial
ablation.”

There have been no reported clinical trials on the out-
comes of using cut vs coag waveforms during rollerball
endometrial ablation. However, in a randomized pilot
study in our hospital we found that, in addition to our
frustration with ‘gumming up’ of the electrode with the
use of the cut mode, the preliminary clinical results in
terms of menstrual reduction were inferior with the use of
cutting waveform.

Rollerball (bar) endometrial ablation

Once the resectoscope is introduced into the uterine cav-
ity, the surgeon must identify certain landmarks prior to
commencing ablation. The landmarks include the tubal
ostia, the internal cervical os, and the cervical canal.
Thickened, polypoid, or inadequately prepared endome-
trium may be curreted with a sharp curette, or suctioned
to facilitate rollerball ablation or resected with a loop
electrode. Unexpected findings such as polyps, myomas,
or other suspicious neoplastic lesions should be removed
for histologic examination prior to rollerball ablation.
Alternatively, the surgeon may switch to a loop electrode
to resect both the lesions and endometrium at the same
time. Some myomas may be treated by vaporizing elec-
trodes, whereas larger myomas can be coagulated over
their protruding surface in conjunction with the endo-
metrium. A rollerbarrel (bar) provides more uniform
contact with the endometrium than the rollerball, but it
may not adequately ablate the cornua and fundus of
the uterus. A 2-3 mm rollerball is more effective than a
4-5 mm ball because it provides higher current density
for a given electrosurgical power.

The technique of roller ablation involves the ball or
barrel being extended by thumb motion and allowed to
passively return towards the sheath at speeds of approxi-
mately 1-1.5 mm/s. However, the final effect on the tis-
sue is judged visually by the surgeon as a dark brown
honeycomb appearance of the ablated/desiccated myome-
trial surface. Repeated passes may be necessary to produce
the desired effect. The depth of myometrial thermal
necrosis is limited by the increased impedance of the des-
iccated tissue. There is no evidence that repeated passes
of the rollerball over the same areas increase the risk of
visceral injury without uterine perforation.

To perform a rollerball ablation, you need a 3 or
5 mm rollerball attached to a 12-30° telescope with a swivel
camera and 100 W (£ 20 W) of power in the coag (high-
voltage) mode. After the cervical canal, tubal ostia, and
internal cervical os are identified, the lower margins of
ablation, at the level of the internal os, are circumferen-
tially marked with active rollerball. Rollerball ablation
then proceeds in a systematic fashion, starting at either
the left or right tubal ostia. The resectoscope is first rotated
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and held horizontally — palm pointing downwards — with
the 12-30° scope visualizing the left tubal ostium. The
rollerball is positioned at the mid fundus of the uterus
and is progressively moved towards the left tubal ostium.
Once the left fundal area and tubal ostium are thoroughly
ablated, the resectoscope is pulled outwards, ablating the
left uterine wall all the way to the previously marked
internal os. Then the entire posterior wall is thoroughly
ablated using long passes in a clockwise rotation of the
resectoscope from the fundus to the internal os. At the
completion of ablating the left and posterior uterine walls,
the resectoscope is rotated 180° and is regrasped with the
palm pointing again downwards but the lens looking to
the right tubal ostium. Ablation is then completed from
the right tubal ostium, right and anterior uterine wall, in
a systematic clockwise fashion. By using this technique,
reapplication of the surgeon's hand to the resectoscope
occurs only once. Some surgeons prefer to ablate the
endometrium in short strokes, using thumb action to
control the rollerball, while others prefer long passes by
withdrawing the entire resectoscope like a curette. Other
surgeons use a combination of short and long passes. The
most important thing to remember is that the rollerball is
activated only when moved outwards and never when it
is moved inwards. This is to minimize perforation and
thermal injury to viscera.

Bubbles in solution

During rollerball tissue desiccation, smoke is generated
and is seen as bubbles in the solution. These bubbles can
accumulate at the tip of the telescope, trapped under the
ceramic insulating tip of the internal sheath, or float
upwards to the anterior uterine wall or fundus, impairing
visibility. Bubbles trapped at the tip of the telescope are
easily dislodged by rotating the resectoscope 180°, allow-
ing the bubbles to float upwards. Bubbles on the anterior
uterine wall or fundus can impair visibility but are fre-
quently suctioned out by advancing the resectoscope for-
wards through the bubbles. One must remember that the
outflow holes of the external sheath of the resectoscope
are approximately 1-2 cm behind the field of vision of
the telescope. Vigorous shaking of the telescope does not
dislodge or suction these troublesome bubbles.

Bleeding during ablation

Excessive bleeding during rollerball ablation is rare since
small and larger vessels are coagulated rather than resected.
However, if bleeding is thought to be excessive at the
completion of the procedure, individual vessels can be
identified and recoagulated. Other helpful maneuvers
may be a bimanual compression and massage of the uterus

for a few seconds or an injection of vasopressor agents
intracervically. However, the most reliable method to
control bleeding in the operating room or recovery room
is the insertion of a Foley catheter into the uterine cavity,
which is then inflated with 20—40 ml of sterile fluid until
the bleeding stops. After 1 hour, the Foley can be deflated
and, if there is no further bleeding, it can be removed. If
bleeding persists, the Foley can be reinflated to tampon-
ade the uterus for a longer period of time.

CLINICAL OUTCOMES

One study reported on 200 women with menorrhagia
who were candidates for hysterectomy and were treated
with rollerball ablation from 1988 to 1993.% All women
were pretreated with various thinning agents, and abla-
tion was performed using 120 W of coag waveform and
sorbitol (3%). Complications were minimal. At mean
follow-up of 2.5 years, improvement in menstrual bleed-
ing was achieved in 90% of patients. Eight (4%) patients
required a repeat ablation and one of these eight patients
subsequently went on to have a hysterectomy. A total of
10 (5%) women had hysterectomy following rollerball
ablation.” Another study reported medium-term results
on 142 women who presented with menorrhagia and
were treated by rollerball ablation, from 1990 to 1993.%”
All women were pretreated with either danazol or
GnRH-a. Follow-up was obtained on 128 patients (90%)
from 12 up to 52 months. The amenorrhea rate was 25%,
while the satisfaction rate decreased gradually from 95%
within the first 2 years to 75% after 3 years. The rate of
repeat ablation and hysterectomy within the first 3 years
was 8.5% for both. The hysterectomy rate (8.5%)
increased gradually with time over the first 3 years, but
not thereafter. There were no significant differences in
menstrual outcomes among different age groups, types of
endometrial preparation, endometrial thickness, presence
or absence of ‘adenomyosis’ or myomas, or performance
of myoma resection.”

In another study, significant menstrual blood reduction
was reported in 39 women presenting with menorrhagia,
treated by rollerball ablation.”® All women were pretreated
with either danazol or GnRH-a. The mean (* standard
deviation) menstrual blood loss (per menstrual period) was
reduced from 90 * 14.4 ml before ablation to 3.8 = 2.1 ml
at 3 months, 1.8 = 1.0 ml at 6 months, and 3.3 = 1.3 ml
at 5-6 years after ablation. In menstruating women, the
mean hemoglobin rose significantly from 126 to 135 g/dL
(p=0.022). The amenorrhea rate was 65%, 62%, and 46%
at 3, 6, and 60—72 months, respectively.”

One study reported on a retrospective review of 240
women, presenting with menorrhagia, treated by rollerball
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ablation with a mean follow-up of 31.2 months.”" Overall,
the probability of no hysterectomy in the first 5 years was
71%. Ablation was repeated in 10 (4.2%) patients, six of
whom eventually underwent hysterectomy (60%). Multi-
variate analysis identified previous tubal ligation as a sta-
tistically significant positive predictor of the risk of
hysterectomy (hazard ratio=2.20, 95% confidence inter-
val [CI] 1.18-4.09). Women 245 years old had a lower
risk of subsequent hysterectomy than those >35 years old
(HR=0.28, 95% CI 0.10-0.75). The authors concluded
that previous tubal ligation, repeat ablation, and a younger
age at the time of ablation increase the risk of requiring
subsequent hysterectomy.”!

One randomized clinical trial reported on 2- and
5-year follow-up of endometrial rollerball ablation (7 =
61) vs endometrial resection (7 = 59) in women present-
ing with menorrrhagia.”” The mean operating time for
the rollerball and resection groups was 13 and 30 min-
utes, respectively (p <0.05). Rollerball ablation was per-
formed with a 4 mm rollerball and 100 W of coag power.
At 5 years, 113 women answered a questionnaire. At
2-year follow-up, 14.8% vs 16.9% of women had repeat
ablation and 9.8% vs 6.8% had a hysterectomy in the
rollerball ablation vs resection groups, respectively. At
5-year follow-up, the corresponding rates for repeat abla-
tion and hysterectomy were 16.4% and 13.6%, respec-
tively, in both rollerball ablation and resection groups.
One patient absorbed excessive irrigant fluid, developed
sepsis, and died.”

Another study reported on a randomized comparison
of vaporizing electrode (7 = 47) and cutting loop (7 = 44)
for endometrial ablation in menorrhagic women.”® At
1-year follow-up, the menstrual pattern was amenorrhea
(36%), hypomenorrhea (43%), eumenorrhea (21%), and
menorrhagia (0%) in the vaporization group. The corre-
sponding rates with the loop electrode were 48%, 32%,
16%, and 5%, respectively.”

A small cohort study (7 = 64) reported that 3 years
following rollerbar endometrial ablation, women experi-
enced significant improvement of their perimenstrual
symptoms in conjunction with menstrual reduction.**

The effect of rollerball ablation on dysmenorrhea has
also been reported. At 12 months after rollerball ablation,
dysmenorrhea decreased in 75% of women, while it
remained the same or worsened in 25% of women. After
5 years, mild, moderate, and severe dysmenorrhea was
reported by 26%, 13%, and 8% of patients, respectively.”

Several randomized clinical trials compared second-
generation endometrial ablation technologies (SEATs),
also called global endometrial ablation (GEA), vs roller-
ball ablation.” The overall amenorrhea rate following roll-
erball ablation varied from 27% to 56% and the
hysterectomy rate was up to 16% at 5 years follow-up.?

A Cochrane review also reported on endometrial destruc-
tion techniques.*® When balloon endometrial ablation
was compared to rollerball, the amenorrhea rate was less
likely after balloon than after rollerball ablation at both
12 and 36 months, but there was no significant difference
between the groups 24 months and 5 years after treat-
ment. At 5 years, the odds of satisfaction with treatment
were significantly less in the balloon group when com-
pared with the rollerball group and the hysterectomy rate
was 16% in both groups.®>*

COMPLICATIONS
Immediate complications

Immediate complications can be classified under trau-
matic complications, distending media complications, or
thermal injuries.

Traumatic complications

Cervical tears, false passages, and/or partial or complete
uterine perforations with dilators, uterine sound, or resec-
toscope have been reported to occur at frequencies of
0.8-2%.* Midline or fundal perforations do not usually
result in significant sequelae. In the presence of excessive
bleeding or larger rents, the perforation may require
suturing. Lateral perforations involve the risk of hemor-
rhage and should be inspected laparoscopically.?”*® Such
injuries, if unrecognized, may lead to excessive bleeding,
air embolism, excessive fluid absorption, and injuries to
adjacent organs such as ureters and bladder. Tips to avoid
and/or recognize such complications have been discussed
previously.'

Distending media complications

Air or gas embolism  Mechanical trauma to the cervix or
uterus may allow the intravasation of room air or gas bub-
bles generated during rollerball ablation, especially when
the patient is positioned in the Trendelenburg position.

To prevent air embolism, the patient should remain in
the horizontal position throughout surgery. The last dila-
tor should be left in the cervix and air should be purged
from the inflow tubing prior to insertion of the resecto-
scope. Furthermore, surgeons should minimize the num-
ber of insertions and withdrawals of the resectoscope and
avoid the use of non-collapsible distention media con-
tainers such as glass or solid plastic bottles. The use of
outflow suction (80-100 mmHg) to evacuate generated
bubbles during surgery may also reduce the risk of gas
embolism.'¢
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Excessive fluid absorption  Complications related to disten-
tion media occur in 0.14—4% of the procedures.”””® Several
factors have been found to minimize fluid absorption dur-
ing resectoscopic surgery. These include pretreatment with
a GnRH-a or intraoperative injection of vasopressors into
the cervix (Pitressin [vasopressin] solution 0.05-0.4 U/ml,
epinephrine 1:200000). Other important factors to mini-
mize fluid absorption are intrauterine pressure below the
mean arterial pressure (MAP <75 mmHg) of the patient
and outflow suction (80-100 mmHg).>'*¢

The surgeon may use a variety of non-conductive fluids
during rollerball ablation. It is good clinical practice that
the surgeon is aware of the physiology and biochemistry of
whichever fluid is chosen, so that the clinical sequelae can
be appropriately treated should the need arise. The fluid
deficit should be diligently monitored every 1000 ml of fluid
used rather than by an arbitrary time of every 5-10 minutes.
Fluid irrigates the uterus at rates of up to 300 ml/min and
intravasation can occur very rapidly if the endomyometrial
integrity is breached by the electrode.

Electronic fluid monitoring systems, which allow regu-
lation of the rate of flow, infusion pressure, and outflow
suction as well as fluid deficit, may be advantageous over
gravity infusion systems and manual estimation of fluid
deficit. With the use of salt-free (non-conductive) solu-
tions, the serum sodium decreases by approximately
1 mEq/100 ml of fluid absorbed. To avoid moderate
hyponatremia (Na*=120-130 mEq/L), the procedure
should be expeditiously completed at a fluid deficit of
approximately 1000 ml and serum electrolytes should be
evaluated. When the fluid deficit exceeds 1500 ml, the
procedure should be terminated, electrolytes should be
assessed, and the patient should be given intravenous furo-
semide. Severe hyponatremia (Na*<120mEq/L) requires
intensive therapy and monitoring to avoid cognitive brain
damage and even death.'®

Thermal injuries

Visceral injuries Thermal injuries to viscera occur when
the uterus is perforated with an active rollerball. The
response to uterine perforation with a dilator, sound, or
inactive rollerball/resectoscope is expectant treatment.
However, when the surgeon is not sure whether the elec-
trode was activated or not during perforation, responses
should include intensive monitoring of the patient for
several days or immediate exploration of the bowel
through laparoscopy or laparotomy.

Genital tract burns Lower genital tract burns to cervix,
vagina, and vulva have been reported.”’ These burns are
caused by a variety of stray currents, some of which are
unique to the RF resectoscopes. Stray currents can occur by
capacitive leakage, electrode insulation defects, and ionic

currents generated by blood mixing with the non-conductive
solutions during rollerball ablation.'8*'-2¢

Baseline stray currents are present all the time. Several
signs may warn the surgeon of the presence of excessive
stray currents, including electrical interference (diagonal
lines or sparks on the TV monitor caused by a short cir-
cuit), the patient twitching or jumping (caused by har-
monic demodulation of the frequency to <100 kHz), or
the inadequate effect of the rollerball on the tissue (caused
by loss of electrons elsewhere) when the electrode is acti-
vated. When any of these signs are present, the procedure
should be stopped and the entire electrical circuit/system
should be evaluated. A simple way to minimize the risk of
genital tract burns is to keep the weighted speculum in
the vagina throughout the procedure. The larger surface
area of the weighted speculum dissipates these currents
without harm to the patient.

Dispersive electrode skin burns ~ As a rule, during rollerball
ablation, dispersive pad electrode burns to the skin do not
occur when using a CQMS split-pad electrode. However,
when a high-power output is required (>200 W in cut
mode) with vaporizing electrodes or in the presence of
inadvertently used saline solution to irrigate the uterus,
return electrode burns have been encountered.”

Delayed Complications
Intrauterine contracture, scarring/synechiae

In one study, 9 of 13 hysterectomy specimens assessed
more than 3 months after rollerball ablation had signifi-
cant scarring of the cavity and two had complete oblitera-
tion of the cavity.”” Taskin et al. reported on long-term
histopathologic and morphologic changes after rollerball
endometrial ablation in 26 women. Mean follow-up time
to second-look hysteroscopy after rollerball ablation was
33.4 £ 2.1 months. Complete atrophy, partial adhesions,
or obliteration of the cavity and fibrosis were observed at
second-look hysteroscopy. Whereas all random biopsies
were normal before ablation, biopsies after ablation
revealed diminished endometrial glands with necrosis and
scarring. The number of endometrial glands was not cor-
related with amount of bleeding or menstrual pattern.®

Postablation tubal sterilization syndrome

Townsend and associates reported on six patients who had
prior tubal ligation and presented with cyclic severe unilat-
eral lower abdominal pain 6-10 months after rollerball
endometrial ablation. Hysteroscopic evaluation revealed a
contracted, scarred cavity while laparoscopy identified
hematosalpinx of the proximal tubal stump.*’ A recent
review reported that this syndrome occurs after hystero-
scopic and non-hysteroscopic endometrial ablation.*
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The true incidence of PATSS is unknown but it has been
estimated to occur in up to 10% of cases.”’ The treatment
of PATSS is either laparoscopic proximal salpingectomy or
hysterectomy.

Hematometra

Hematometra can occur when there is complete occlusion
of the lower uterine segment or cervix postablation with
persistent or regenerating endometrium from deep adeno-
myosis within the uterine cavity. Women presenting with
cyclic central pain with or without vaginal bleeding and
imaging indicates single or multiple fluid collection pock-
ets within the uterus. The treatment is either repeat
endomyometrial resection by experienced surgeons or hys-
terectomy. Adenomyosis is confirmed histologically in up
to 52% of hysterectomy specimens.* The risk of
hematometra may be minimized by avoiding rollerball
ablation to the lower uterine segment and cervix.*

Repeat ablations

The rate of repeat ablations has been reported by numer-
ous investigators to be 3—16.3%.32% In general, there
are fewer repeat ablations than hysterectomy following
treatment failures.*’

Hysterectomy

Following rollerball endometrial ablation, hysterectomy
rates of up to 16% have been reported.”®3*% One
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SUMMARY

In general, rollerball ablation is the easiest and most fre-
quently used technique of all the hysteroscopic meth-
ods.” It has the lowest risk of hemorrhage, perforation,
gas embolism, excessive fluid absorption visceral damage,
and emergency surgery.””*® A general anesthetic is used in
99% of cases.”” Compared with hysterectomy, rollerball
ablation is quicker to perform and results in shorter hos-
pitalization.”” Satisfaction with hysterectomy is initially
higher than rollerball ablation, but there is no significant
difference after 2 years.”

Compared with thermal balloon endometrial ablation,
amenorrhea was more likely in the rollerball group at 12
and 36 months but not at 24 months.” Likewise, addi-
tional surgery was significantly more likely in the roller-
ball group at 24 months; this was not seen at 12 or 36
months.”
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INTRODUCTION

The development of the intrauterine resection of submu-
cous fibroids by Neuwirth in 1978 was the first use of the
urologic resectoscope in the uterine cavity and led to its
adaptation to treat the whole endometrial cavity with what
is commonly referred to as transcervical resection of the
endometrium (TCRE)." Although Neuwirth extended the
procedure to electrocoagulation of the endometrium,” it
was DeCherney who, in 1983, 2 years after Goldrath's
seminal paper on laser endometrial ablation, first formally
described burning the entire endometrial cavity hystero-
scopically using the loop electrode in women with intrac-
table menorrhagia who were unfit for hysterectomy.’ The
subsequent history of the technique is a little unclear, but
at some stage the endometrium began to be resected rather
than electrocoagulated, and rather than using a single-flow
resectoscope with Hyskon (dextran 70) for uterine disten-
tion, continuous-flow resectoscopes with low-viscosity flu-
ids for uterine distention (e.g. 1.5% glycine) became more
popular. Indeed, the first gynecologic resectoscope sold by
Karl Storz was just such an instrument designed by the
urologist Jean-Pierre Hallez, who used it to perform hyst-
eroscopic myomectomy.* What is known is that the tech-
nique of TCRE was introduced into Europe by the famous
Parisian gynecologist, Jacques Hamou, who advocated
what has become known as ‘partial TCRE’, while Adam
Magos et al. in Oxford described ‘total TCRE’ in 1989.

Whatever the exact history, hysteroscopic methods of
endometrial ablation soon became established as an effec-
tive alternative to more invasive surgery such as hysterec-
tomy, and studies have since shown that around
three-quarters of women with abnormal uterine bleeding
can avoid hysterectomy with these techniques.® The Royal
College of Obstetricians and Gynaecologists (RCOG) in
London recognized the role of these procedures in an
evidence-based guideline published in 1999, stating that,
‘endometrial ablative procedures are effective in treating
menorrhagia’.’

As a result of the success of these hysteroscopic inter-
ventions (endometrial resection, rollerball ablation, and
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laser ablation), now referred to as first-generation ablation
techniques, they are still considered as the gold standard by
which the newer, less skill-dependent second-generation
endometrial ablation methods (e.g. thermal balloon,
radiofrequency, cryotherapy, etc.), must be judged.®’

INDICATIONS AND
CONTRAINDICATIONS

Not all women with menorrhagia are suitable for TCRE
and, as with all the ablation procedures, certain criteria
have to be met; these are outlined in Table 16.1. TCRE
has been shown to be effective in cases of dysfunctional
uterine bleeding, and even if the uterus is slightly enlarged
with small fibroids. Conversely, concurrent pathologies
such as uterovaginal prolapse or endometriosis, to take
but two examples, are better treated by more radical sur-
gery. Similarly, malignant or premalignant changes in the
endometrium are considered by most surgeons to be
absolute contraindications to TCRE, although the
opposite view is held by some."” Pregnancies have
been reported after endometrial ablation as it does not
guarantee sterility, but it is universally agreed that the
procedure should not be contemplated in those women
who may want to become pregnant in the future because
of a much higher incidence of pregnancy complications
(see later).

It is important for any woman contemplating endo-
metrial ablation, by whatever technique, to understand
that amenorrhea cannot be guaranteed; the principal aim
of surgery is to make periods lighter and improve the
quality of life and, even today, only hysterectomy can
promise cessation of menstruation.

PREOPERATIVE PREPARATION

There is no universal agreement regarding the need for
preoperative endometrial preparation to thin the endo-
metrium. Some, such as Hamou, do not pretreat their
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Table 16.1 Indications and

electrosurgical endometrial resection

contraindications for

Indications Contraindications

Menorrhagia severe enough Concurrent pathology

to warrant treatment (e.g. uterovaginal prolapse,
ovarian pathology, pelvic
inflammatory disease,

cervical atypia)

Failure of or contraindication Submucous fibroids >5 cm

to medical treatment
No desire for future pregnancies  Uterine size >12 weeks

Anovulation, endometrial

hyperplasia

Benign endometrial histology

Endometrial atypia and
cancer

patients, whereas others time the intervention to just after
menses when the endometrium is at its thinnest. If this
proves not possible, surgical preparation by sharp or suc-
tion curettage at the time of the TCRE can reduce the
endometrial thickness and thereby facilitate the resection.
However, all these approaches leave a ‘fluffy’ endome-
trium that is prone to blocking the narrow suction holes
on the resectoscope outflow sheath. For these reasons, as
well as the simple fact that it is difficult to time surgery to
a particular phase of the menstrual cycle in a busy clinical
setting, a case can be made for routinely preparing the
endometrium with drugs such as gonadotropin-releasing
hormone (GnRH) analogues (e.g. goserelin, nafarelin),
danazol, progestogens, and even the combined contracep-
tive pill, starting 6 weeks or so prior to surgery.'" Such
pretreatment has a number of advantages that facilitate
surgery: it reduces endometrial thickness to less than
4 mm, corrects anemia, provides a better surgical view by
reducing endometrial debris, and decreases the vascularity
of the endometrium and uterus, leading to a shorter oper-
ating time, less bleeding, and less fluid absorption.'? Apart
from facilitating the surgery and reducing complications,
pretreatment may lead to a better short-term and possibly
long-term outcome.'*'* Evidence also exists showing a
higher amenorrhea rate when postoperative endometrial
suppression is used.'>'® However, as with so much in
medicine, contradictory evidence exists to suggest that
there is no real difference in surgical or menstrual out-
comes with preoperative endometrial thinning, and there
are the obvious disadvantages of cost, side effects, and
delay of surgery.'”'®

Cervical priming

Another, less-discussed aspect of preoperative preparation
is cervical priming. The standard resectoscope has an
outer diameter of 89 mm, which means that the cervix
almost always has to be dilated to allow the instrument to
be inserted into the uterine cavity. In nulliparous women,
or those who have undergone cervical surgery (e.g. cone
biopsy), this may be difficult because of cervical stenosis
and scarring, with the risk of cervical tearing. In such
cases, various techniques can be used for priming the cer-
vix to facilitate dilatation of the canal such as the intra-
cervical placement of laminaria, prostaglandins, and oral

or vaginal misoprostol."”~!

Obtaining informed consent

The RCOG has published guidelines on the subject of
informed consent for diagnostic hysteroscopy under gen-
eral anesthesia.”” The consent for TCRE can be based on
this document with some modifications, in particular
with regard to the likely menstrual outcome, failure of the
procedure, and fertility. Complications must also be dis-
cussed, in particular uterine perforation, fluid overload,
and hemorrhage, which are unlikely with diagnostic hys-
teroscopy but are recognized complications of operative
procedures. If the uterus is perforated, the patient must
accept that a laparoscopy or laparotomy may have to be
carried out, and even hysterectomy may be necessary
(although this is extremely uncommon).

In addition, as we like to record all surgery that we
perform on a personal computer (PC) in the operating
theater, we routinely ask our patients for consent in order
to record the procedure.”

Anesthesia

Hysteroscopic procedures can be done under general
anesthesia, spinal anesthesia, or local anesthesia using
intra- and/or paracervical block in association with intra-
venous sedation. There is, for instance, no reason why
even TCRE should not be performed under local anes-
thesia combined with sedation,?® and we have summa-
rized our protocol in Table 16.2. There are two aspects of
this scheme worthy of comment. First, the dose of the
anxiolytic midazolam should be titrated so that the mini-
mum dose is used to ensure that the patient is relaxed
(but not asleep!). Secondly, arguably the most important
component of the local anesthetic injections is the intra-
uterine infiltration. This is done under direct vision using
an injection needle that is available for certain resecto-
scopes; in the case of TCRE, the entire uterine cavity,
particularly the fundal and cornual areas, are infiltrated
about 10 mm under the endometrial surface (Figure 16.1).
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Table 16.2 Protocol for intrauterine surgery under
sedoanalgesia

Time Drugs

1 hour before surgery Diclofenac 100 mg pr
Temazepam 20 mg po
Midazolam 2-10 mg IV
Alfentanil 50 pg IV

1% Lidocaine

In operating theater

Local infiltration
intracervical 10 ml
paracervical 10 ml

intrauterine 20 ml

Figure 16.1 Injecting intrauterine local anesthetic before
hysteroscopic surgery.

In our experience, this protocol works very well provided
the patient is motivated, and we have never had to con-
vert a procedure to general anesthesia.

Antibiotic prophylaxis

Many surgeons routinely administer prophylactic antibi-
otics for TCRE to reduce the possibility of ascending
infection from the lower to the upper genital tract during
surgery (e.g. amoxicillin + clavulanic acid).” In reality, as
with diagnostic hysteroscopy, the risk of infection is
extremely small, and as far as the authors are aware, this
practice is not an evidence-based approach, and may be
unnecessary.

Equipment and instruments

The following equipment is required for TCRE.

Continuous flow resectoscope

A continuous flow resectoscope consists of five compo-
nents: the handle mechanism, inflow sheath and outflow
sheath, electrodes, and optic. The handle mechanism can
be of the passive or active type (Figure 16.2). With the
passive handle, the electrode is pulled into the sheath at
rest, while with the active resectoscope, the handle pushes
the electrode to the outside. Although urologists tend to
use an active resectoscope, it makes more sense to use a
passive handle inside the narrow confines of the uterus; as
the electrode is naturally sited inside the instrument, it does
not obstruct the view and is inherently safer from the
point of view of accidental activation and perforation.

The sheathing system comes in different sizes, but
most gynecologists use a 26 or 27 Fr gauge instrument (3 Fr
[French] gauge = 1 mm). It is important to connect the
irrigation and suction tubes correctly, remembering that
the ‘inner’ sheath is for ‘inflow’ and the ‘outer’ sheath is
for ‘outflow’.

The typical loop for a 26 Fr resectoscope has a diam-
eter of 24 Fr. Other options include the small or large
rollerball, and rollerbar electrodes which are used for abla-
tion (cf. resection) or vaporization.” Most currently used
resectoscopes are monopolar, but bipolar instruments are
now also available and, as they are safer, they should
become the standard instrument (Figure 16.3).

A 4 mm optic is the usual diameter for a 26/27 Fr
resectoscope. It can have a straight view or be fore-oblique
at 12°, 15°, or 30° angles; angled optics give a better view of
the ostial areas and are preferred by most gynecologists.

Uterine distention

Only electrolyte-free solutions (e.g. 1.5 glycine, 3% sorbitol,
5% mannitol) can be used with monopolar electrosurgery,

B

Figure 16.2 Passive handle resectoscope (A) and active handle
resectoscope (B).
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Figure 16.3 Bipolar resectoscopes and loop electrodes for use

with bipolar current (inset pictures).

whereas normal saline is safe with the newer bipolar resec-
toscope.”” Distention of the uterine cavity is facilitated by
a dedicated automatic pump able to control intrauterine
pressure and thereby the flow rate of the distention fluid.
A basic rule of thumb is to use the lowest pressure that
produces an adequate view, which in most cases means an
inflow pressure of 80-120 mmHg. Sometimes, particu-
larly if the uterus is relatively non-compliant because of
fibroids, a higher pressure is required, but this is associ-
ated with greater fluid absorption and therefore risks fluid
overload. Conversely, the suction pressure on the outflow
tubing should be low to avoid deflating the uterine cavity,
and there are some who only use gravity (the outflow
should still be measured in an outflow bag).

Whatever set-up is used, it is essential to monitor fluid
balance continuously during surgery to avoid fluid over-
load, and this is best done by a dedicated member of staff
(see below). Apart from documenting in-flow and out-flow,
the same person also has to ensure that air bubbles do not
get into the in-flow system, as this risks air embolism.

Electrosurgical generator

Unlike the ‘spark generators’ of old, the modern electro-
surgical generator is a safe device provided certain safety
rules are adhered to. As with intrauterine distention pres-
sure, the lowest power setting should be used which ade-
quately cuts the endometrium without dragging (it should
be like cutting through butter). For instance, we use
100-120 W of pure cut or blend 1 current with our Storz
monopolar resectoscope and Valleylab Force 4 generator,
but the optimum power setting can vary with different
brands of resectoscopes and generators.

The use of bipolar resectoscopes is not only safer
because more physiologic solutions can be used for uter-
ine distention but also because bipolar electrosurgery is
inherently safer than monopolar electrosurgery. The
proximity of the active and return electrodes means that

a lower voltage can be applied, and this makes accidental
electrical or thermal injury less likely.

Camera unit and documentation systems

A three-chip CCD video camera (possibly to be superseded
by the newest high-definition endoscopic cameras in the
near future), a fiberoptic light lead, a tungsten, metal
halide, or more usually xenon cold light source, and a
medical monitor are all essential equipment for diagnostic
and operative hysteroscopy. It can also be useful to record
procedures and images to document the procedure. This
can be done with rather expensive dedicated ‘off the shelf’
systems (e.g. Storz OR1), but is also possible for a frac-
tion of the cost using a standard PC.*

Theater organization and patient position

One scheme for theater organization in terms of position-
ing of the equipment trolley, patient, and staff is shown
in Figure 16.4. Note that there is a clear provision for an
experienced person who is going to be responsible for the
fluid management. The patient must be placed in a dorsal
lithotomy position with the hips at 90° angulation, with
the trunk and buttocks over the edge of the operating
table. This positioning allows good exposure of the female
external genitalia and, most importantly, facilitates the free
movement and manipulation of the resectoscope. Urinary
bladder catheterization is rarely necessary unless the blad-
der is full or if there is concern about fluid overload
(see below).

THE TRANSCERVICAL RESECTION OF
THE ENDOMETRIUM TECHNIQUE

Initially, the perineum and vagina is cleaned with antisep-
tic solution and the cervix is dilated to accept a Hegar 10
dilator. The uterine cavity is inspected for its anatomic
landmarks or any anomalies; any small submucous
fibroids or polyps are generally resected at this stage. The
presence of larger fibroids is not an absolute contraindica-
tion for surgery but may result in suboptimal treatment
and compromise outcome.®

Resection of the endometrium is commenced at the
fundus with a forward angled loop, or alternatively, the
area is rollerballed. The rollerball is arguably less likely to
perforate the uterus at the cornual region where the myo-
metrium is at its thinnest. The rest of the uterus is system-
atically resected with the conventional loop, following a
clockwise or counterclockwise course, down towards the
internal cervical os (Figure 16.5). Amenorrhea can only
be achieved with resection of the whole uterine cavity,
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Endoscopic .

ACUC O Fiuid manager _
Buttocks over edge Re(;ordlng
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Anesthetist

Endoscopist

Instruments Scrub nurse

Figure 16.4 Correct patient positioning and theatre oganization (inset picture) for operative hysteroscopy.

Figure 16.5 Different stages of TCRE using the loop electrode.

and to ensure that endometrium has not been left near The cardinal principle of safe resectoscopy is to only
the isthmus, we routinely continue the resection into the  activate the electrode as it is being pulled into the sheath,
upper part of the endocervical canal; surgery in the cervix ~ i.e. towards the cervix. Cutting away from the instru-
should be more superficial to avoid hemorrhage from the ~ ment, towards the uterine fundus or into the side walls of
rich cervical vasculature. the uterus, risks perforation. As previously noted, the risk
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of perforation resulting from unintentional activation of
the loop electrode is reduced by using a passive handle
mechanism.

The depth of resection is judged by the appearance of
the circular myometrial fibers, and it is important not to
cut too deep as this could lead to hemorrhage and ulti-
mately also to uterine perforation. Isolated bleeding
points can be coagulated with the loop electrode using the
same cutting mode in ‘contact mode’, and it is rarely
necessary to change to coag, which is more risky as it is at
a higher voltage. As high-tech instruments are used
during resection, many practical problems may arise.
These are outlined in Table 16.3, together with proposed
solutions.

The resected tissue chips are pushed up towards the
fundus of the uterine cavity to enable visualization of the
unresected part of the endometrial cavity and are ideally
removed at the end of the procedure using polyp forceps,
or even better, an old-fashioned flushing curette. This
technique is preferable to removing the resectoscope with
every cut as this increases the operation time, bleeding,
and the chance of cervical trauma. The above is our pre-
ferred technique, but if the endometrium is very thick-
ened, it is often easier to cut full-length endometrial chips

Table 16.3 Troubleshooting chart

and remove them with each pass of the resectoscope; we
use a similar technique in cases of repeat TCRE.

At the end of surgery the uterine cavity must be
inspected carefully for any pulsating arteriolar bleeding or
untreated islets of endometrium. In rare cases, postopera-
tive hemorrhage requires tamponade and we use a large
urinary catheter balloon inflated with 30 ml of N/saline,
which is left inside the uterine cavity for 6-24 hours.

POSTOPERATIVE PATIENT MANAGEMENT

In the vast majority of cases TCRE is day-case procedure.
Arising problems or minor complications such as pain,
nausea and vomiting and bleeding after surgery (usually
heavy only for the first 24 hours), can be managed easily
with mild analgesics (e.g. mefenamic acid). Vaginal bleed-
ing usually continues for a few weeks, but is rarely heavy.
It is said that there is less discharge after resection than
ablation techniques which are associated with a necrotic
coagulum inside the uterine cavity. Normal activities and
work can be resumed very soon after surgery. We no longer
review our patients after surgery, and it is certainly not
worthwhile arranging a follow-up for at least 3 months.

Problem

Reason

Action

Poor uterine distention
Cervical incompetence

Uterine perforation

Slow clearance of debris Low suction pressure

Blocked suction holes in outflow sheath

Inefficient cutting Cutting power too low

Electrode broken

Cutting loop bent forward

Bleeding during surgery Low distention pressure
Insufficient coagulation
Resection too deep
Myomectomy

Rapid fluid absorption High distention pressure

Uterine perforation

Hemorrhage after surgery Resection too deep
Infection

Tissue chips in cavity

Low distention pressure

Increase pressure
Suture or clamp cervix

Stop surgery and check

Increase suction pressure

Remove resectoscope and clear

Increase power or reduce blend
Replace electrode

Bend back towards beak

Increase distention pressure
Increase cutting blend

Cut more superficially
Coagulate vessels around base of
fibroid

Reduce distention pressure

Stop surgery and check for perforation

Uterine tamponade with balloon
Give antibiotics

Evacuate
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Complications

As with all surgical procedures, complications can be
reduced by proper patient selection and preparation, as
previously outlined. Similarly, adequate training and
experience with using a resectoscope is also mandatory,
and there is little doubt that TCRE is more skill depen-
dent with a longer learning curve than is the case with
second-generation ablation techniques.” Nonetheless,
even proper patient selection and preparation and careful

surgery cannot totally protect against complications, some
even fatal.?*%*

Intraoperative complications

The most serious intraoperative complications of TCRE
are uterine perforation, hemorrhage, fluid overload, elec-
trosurgical burns, and air embolism (Table 16.4).

Uterine perforation can occur during cervical dilation
and during tissue chip retrieval and usually does not
require any intervention except for hospitalization and close
observation for signs of bleeding for the next 24 hours. In
contrast, perforation occurring as the loop electrode is
being activated is potentially very serious, as there is the
possibility of extrauterine injury to surrounding struc-
tures such as bowel, bladder, and major blood vessels; this
type of perforation requires immediate investigation by
laparoscopy, and arguably by laparotomy.

Warning signs that uterine perforation has occurred
include a sudden loss of uterine distention pressure and
immediate loss of view accompanied by sudden fluid
absorption. In that case, surgery should stop immediately
and only be continued if perforation has been excluded.

Excessive bleeding from transected myometrial vessels
tends to occur when the resection is too deep, and is more

Table 16.4 Endometrial resection complications (intraoperative,
early, and late)

Intraoperative Early Late

Uterine perforation Infection Intrauterine adhesions

Fluid overload Bleeding Pelvic pain
Hemorrhage Hematometra
Gas embolism Postablation

sterilization syndrome
Cervical trauma
Electrosurgical burn Pregnancy

(Cancer)

likely during repeat surgery. Electrocoagulation is usually
effective in stopping the bleeding, either with the loop
electrode or a rollerball. Excessive bleeding at the end of
the procedure can be managed with a urinary catheter
balloon, as already discussed.*

Fluid overload results from excessive intravasation of
the distention fluid through the opened myometrial blood
vessels into the general circulation, and to a lesser extent
through transtubal loss. The phenomenon of intravasa-
tion is explained by the fact that intrauterine distention
pressures during TCRE tend to be higher than the mean
arterial pressure, so fluid is pushed from the cavity into
the vascular system. The volume of intravasation correlates
with the depth of endometrial resection, intrauterine
pressure, and duration of the procedure, whereas there is
an inverse correlation with prior treatment with GnRH
analogues and the menopause.'*”3 It is possible to iden-
tify women at low risk of fluid overload based on param-
eters such as parity, endometrial preparation, uterine
cavity length, and the presence of submucous fibroids.”

The results of fluid overload are two-fold, a volume
effect and a biochemical effect, the latter depending on
the constituents of the uterine irrigant. The volume effect
would be cardiac failure with pulmonary edema.

The precise definition of what constitutes fluid over-
load is arguable, and depends on several factors, including
the general condition of the patient and the nature of the
fluid. Everyone would agree that all otherwise healthy
women could tolerate 1 L absorption without any adverse
effects. Greater care has to be taken when operating on
women with cardiac or renal disease, who would only
tolerate a smaller volume. Similarly, the risk associated
with absorbing large volumes of an electrolyte-free solution
such as 1.5% glycine is more than if normal saline was the
distention medium. Our protocol for glycine solution dur-
ing resectoscopic surgery is summarized in Table 16.5.

As is evident from the above, the clinical implication
of fluid overload is not just related to volume but also to
the nature of the medium. Dilutional hyponatremia and
hypokalemia are conditions more likely to occur with
electrolyte-free solutions such as glycine and sorbitol, as used
with standard (monopolar) resectoscopy. For instance,
the absorption of 1 L of glycine solution is associated with
a drop in serum sodium concentration of approximately
10 mmol/L.%

Hyponatremia and other biochemical dilutional
changes are the basic pathophysiologic conditions leading
to cerebral edema, which might be fatal if unrecognized
or left untreated.’” In addition, ammonia, a breakdown
product of glycine, can also produce an encephalopathy
manifest by confusion, coma, and ultimately death. Solu-
tions such as normal saline do not suffer from these risks,
but it is still important to avoid overloading the patient
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Table 16.5 Management of fluid overload with 1.5% glycine

Absorption of <1000 ml of Hyponatremia and fluid

distention fluid overload unlikely
Continue surgery
unlikely

Absorption of 1000-2000 ml Mild hyponatremia and

of distention fluid Jluid overload likely
Complete as soon as
possible

Check urea electrolytes
(e.g. Na")
Catheterize bladder and

monitor urine output

Give IV diuretics if
>1500 ml absorbed

Absorption of >2000 ml of
distention fluid

Severe hyponatremia and

Jluid overload likely
Stop surgery immediately
Manage as above

Close observation of vital
signs

with volume and therefore careful monitoring of fluid
balance is still important.

There are several methods for monitoring fluid bal-
ance, from the simple to the complicated. The simplest,
and the one we favor, is merely to monitor inflow and
outflow continuously and record the balance every time a
new bag or bottle of distention medium is started; there
are now hysteroscopic pumps available that measure
balance automatically. Other more complex and invasive
techniques include weighing the patient, using tracer sub-
stances in the irrigant (e.g. ethanol), using central venous
pressure (CVP) measurements, or measuring serum
sodium.”* Any biochemical method of monitoring will
not detect delayed transperitoneal absorption, and there-
fore can mislead.”

Air embolism during TCRE is a rare but very serious
complication which can be fatal.** Air is relatively insolu-
ble, and if air bubbles gain entry in the irrigation circuit
(e.g. when starting a new bag of irrigant), they can intra-
vasate across resected opened blood vessels and travel to
the heart. Intravasation is promoted by head-down tilt of
the patient.***" It is therefore important to purge the
inflow circuit of air at the start of surgery and to ensure
that bubbles do not gain entry during surgery. In contrast
to air, gas derivatives with the use of monopolar and
bipolar cutting electrodes are highly soluble in blood and

are unlikely to result in gas embolism.*** In all cases,
theater staff should check the inflow tubes for air bubbles,
especially during fluid bag changes, and alert the surgeon
to remove them from the system.

Early postoperative complications

Infection in the form of endometritis or pelvic inflamma-
tory disease (tubo-ovarian abscess, hematosalpinx, pyo-
metra) may sometimes occur.”” Most gynecologists
prescribe prophylactic antibiotics to prevent this compli-
cation, although this practice is, as yet, not an evidence-
based approach. Secondary uterine bleeding often
accompanies sepsis, and its management is to treat the
infection and preserve the patient's hemodynamic and
iron status.

Late postoperative complz'mtz'om

Pelvic pain and recurrent menorrhagia are certainly the
major reasons for treatment failure and the need for repeat
endometrial resection or hysterectomy. Hematometra is
the painful collection of blood in the endometrial cavity
and tends to result from residual endometrium in the
cornu or cervical stenosis.* The treatment options include
repeat resection and cervical dilatation in the knowledge
that the repeat resection carries a higher risk of uterine
perforation.” Pelvic pain in the absence of hematometra
could be due to fibroid degeneration, adenomyosis, and
endometriosis or more rarely due to pelvic vein conges-
tion syndrome.” Pregnancy after endometrial resection
has been reported; a recent study from China reported 39
pregnancies in 1621 women who underwent TCRE,
most pregnancies occurring during the first postoperative
year.“® Pregnancy complications chiefly related to abnor-
mal placentation are relatively common, so women should
be discouraged from becoming pregnant.”® Unfortunately,
while sterilization is a very effective contraceptive, it is
associated with post-ablation sterilization syndrome sec-
ondary to the development of a hematosalpinx.”

Ectopic pregnancy and rare instances of endometrial
cancer have also been reported.*>44’

Costs

It is generally known that the initial costs of hysteroscopic
ablation techniques are less than the costs of hysterec-
tomy, although, considering the reoperation rate of these
methods and comparing it with the definitive solution of
hysterectomy, the financial gap between them becomes
smaller with time.”® One of the advantages of TCRE in
this field is that surgery is done with a reusable instru-
ment rather than a single-use device.
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QOutcome of intervention

The majority of women experience an improvement in
menstrual flow after TCRE, with about one-third becom-
ing amenorrheic. The menstrual improvement tends to
be better in older women, as does the long-term outcome;
this is perhaps not unexpected, as older patients will
become menopausal sooner. Results from our unit, for
instance, with a follow-up of up to 10 years, have shown
that, overall, 20% of patients ultimately undergo hyster-
ectomy after their initial TCRE, but this figure increases
to around 40% for women who are <35 years old at the
time of their initial surgery. Repeat TCRE is more usually
effective than not, with only one-third of patients eventu-
ally requiring hysterectomy. Endometrial preparation and
the presence or absence of smaller fibroids do not have
any significant effect on outcome, but results are worse
once uterine size 210 weeks’ gestation equivalent.”® Surgical
experience appears to influence the success of TCRE,
with one study reporting failure rates of 17% and 25% when
surgery is performed by experienced and less experienced
surgeons, respectively, and 90% short-term effectiveness.?!

These results have largely been replicated by other
authors. Amenorrhea is usually achieved in about 30-40%
of women if allowance is taken of the duration of fol-
low-up. An Italian study published in 2005 showed a
77.4% rate of success after 5 years follow-up (94% suc-
cess in women >49 years old, while this success rate
decreased to 70% in younger women),’” and another
recent study with follow-up between 4 and 10 years, and
including patients with fibroids, revealed a success rate of
83.4%, with a hysterectomy rate of 16.4% within the
same period, with half the hysterectomies being done
during the first 2 years after the initial procedure.”® These
results confirm our impression that the failure rate of
endometrial resection largely plateaus after 4 years. Nev-
ertheless, even in the case of treatment failure, a repeat
procedure constitutes a reliable option to avoiding hyster-
ectomy, with good results.®

Women’s satisfaction rate after the procedure was
reported in various studies as 70-90%, 79-87%, and
91_94%.43,54—56

Intra- and postoperative complications are not com-
mon. For instance, a large prospective national audit of
hysteroscopic endometrial ablation in the UK, the MIS-
TLETOE study, involving 3776 TCREs and 4291 TCREs
with rollerball ablation, out of a total of 10686 hystero-
scopic ablations, reported overall immediate complication
rates of 6.4% and 4.2%.” Other studies have reported
higher complication rates of up to 12%.*

The most common and feared complications of TCRE
are uterine perforation and fluid overload, with published
rates of between 2 and 8% for perforation and 1.3 and

4% for fluid overload.?'#°*5759-61 Repeat surgery appears
to be associated with an increased rate of uterine perforation
(up to 9%), but a lesser risk of fluid overload (up to 4%).*

There have been numerous comparative trials of
TCRE with other treatments for menorrhagia, both med-
ical and surgical. Cooper et al. compared endometrial
resection with medical treatment and found that TCRE
had higher patient satisfaction rates, while surgical inter-
vention rates at 5 years were 77% in women with medical
treatment and 27% in the TCRE group.®> A Cochrane
Systematic Review in 2006 also showed that endometrial
resection was more effective and less likely to cause side
effects than medical treatment.®®

The early comparative trials of TCRE were principally
against hysterectomy. All the studies essentially came to
the same conclusions: namely, that TCRE was associated
with less postoperative morbidity, faster recovery, and
was more cost-effective in the short term, whereas hyster-
ectomy had greater satisfaction rates and a lesser need for
further surgical intervention.’”*' However, it must not be
assumed that hysterectomy is a ‘final’ solution, as such
cases frequently require readmission to hospital.® It
should also be noted that in a study investigating patients'
preferences for endometrial ablation, the levonorgestrel-
releasing intrauterine system (LNG-IUS; Mirena), or hys-
terectomy, the majority of the women chose TCRE
(66.7%) compared with only 17.3% who preferred hys-
terectomy, and 16% who favored the Mirena.®

TCRE has also been compared with the LNG-IUS by
several authors, the first study being published by Crosgi-
nani et al. in 1997. The conclusion of that study was that
both treatments are effective, having high satisfaction
rates, with the LNG-IUS being somewhat less satisfactory
than TCRE (satisfaction rates of 85% and 94%,
respectively).® At the same time, the TUS requires less
operator skills and entails no operative hazards while
providing effective contraception.”*® Both methods
are comparable and highly effective and have their own
relative merits.

Various studies have shown that there are also no sig-
nificant differences between TCRE, rollerball, and
Nd:YAG (neodymium—yttrium aluminum garnet) laser
ablation regarding rates of amenorrhea, patient satisfaction,
improvement of dysmenorrhea, and the need for further
surgery. Laser ablation tends to take longer, whereas roll-
erballing the endometrium is generally considered a
quicker procedure than resection, but this does depend
on operator experience.*” Certainly, laser ablation is the
procedure associated with the greater fluid absorption
and higher rates of equipment failure,® whereas the risk of
perforation is reported to be greater with TCRE.®

As TCRE constitutes the gold standard for endome-
trial ablation, it has become the standard by which the
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more recent second-generation methods of endometrial
ablation such as thermal balloon, microwaves, radiofre-
quency, and cryotherapy are judged. Data from the
Cochrane Database of Systematic Reviews 2005 showed
that, overall, second-generation devices were associated
with a shorter procedure time by 15 minutes, greater use
of local anesthesia, but also higher rates of equipment
failure. Complications such as fluid overload, cervical lac-
erations, and hematometra were less likely. Uterine perfo-
ration, which is the commonest major complication of
uterine ablation, is rarer with the second-generation tech-
niques, but still cannot be excluded.® It must certainly not
be thought that the new, non-hysteroscopic ablation tech-
niques are totally safe. The US Food and Drug Adminis-
tration's (FDA's) MAUDE database, a useful source of
information on complications, makes it clear that compli-
cations such as thermal bowel injury, sepsis, and, most
worryingly, uterine perforation (which would tend to be
undiagnosed as most of the new techniques are performed
blindly), and laparotomy are all potential risks.”’

To give some examples of these studies, comparisons
between TCRE and thermal balloon systems such as
ThermaChoice (Gynaecare, Inc., Menlo Park, CA, USA)
and Cavaterm (Wallsten Medical SA, Morges, Switzer-
land) showed the hysteroscopic and non-hysteroscopic
techniques to be equally effective.”"”> Microwave endo-
metrial ablation (MEA) has also proved to be a reliable
alternative to resection. A recently published study with a
follow-up of up to 5 years reported significantly higher
satisfaction rates with MEA compared with TCRE (86%
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INTRODUCTION

Lasers were used therapeutically in medicine for some
time before Goldrath et al. first described their use for
destruction of the endometrium in 1981." The potential
of endometrial laser ablation (ELA) was recognized as an
alternative to hysterectomy by the early 1990s and endo-
metrial ablation for dysfunctional uterine bleeding, in
one form or another, now represents a significant propor-
tion of the gynecologist’s workload.”® The increasing
number of ablation procedures using varying second-gen-
eration techniques has meant that fewer first-generation
ablation procedures (laser ablation, transcervical resec-
tion, and rollerball) are now performed and that fewer
doctors are being trained in their use. This will ultimately
have an impact on the ability of gynecologists to treat
fibroids, septa, and uterine synechiae.

The principle of all ablation procedures is much the
same: to deliver energy to the endometrium in order to
induce its destruction. Most frequently, the energy employed
is thermal, but cryocoagulation and light energy are also
used. This chapter deals with endometrial destruction using
light energy in the form of lasers.

Laser is an acronym for light amplification by the stimu-
lated emission of radiation. Electrons are encouraged to
leave their orbit around the nuclei of atoms by the applica-
tion of an electrical voltage differential. When the electrons
return to their orbit, each atom releases a photon packet of
energy. These photon packets are collimated (all of the light
waves are in phase and synchronous) and laser light is thus
produced as a parallel and non-divergent beam. This may be
in the visible or non-visible spectrum, depending on the
wavelength of the light produced, which is dependent on
the substance from which the light is produced. Argon and
potassium titanyl phosphate (argon titanyl phosphate (ATP)
and KTP at 500 and 532 nm respectively) lasers produce
light of wavelengths that are in the visible (approximately
400-700nm) blue-green region of the electromagnetic spec-
trum. Neodymium:yttrium—aluminum—garnet (Nd:YAG)
and carbon dioxide lasers produce light that is not visible to
the human eye (1060 and 10600 nm, respectively).
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Differing wavelengths determine the characteristics of
the laser, how the energy can be transmitted, and the tis-
sue effects. The primary factors to be considered when
determining the suitability of any laser for a medical ther-
apeutic purpose are the degree of tissue scatter and the
ability to transmit the energy from the source to the point
of delivery. It is the absorbed energy that produces the
tissue effect following its conversion to heat energy and
mechanical energy. This effect produces a zone of tissue
vaporization surrounded by a zone of thermal necrosis
and a further, more peripheral, zone of edema and inflam-
mation that does not receive sufficient energy to cause
thermal necrosis and therefore recovers. Beyond this is
tissue unaffected by the laser energy (Figure 17.1).

When using the light produced by the Nd:YAG laser
for endometrial ablation, 25-30% of the inherent energy
scatter is forward, 30—40% is reflected, and 30-45% of the
energy is absorbed by the tissue being treated (Figure 17.2).
The relatively high proportion of forward scatter and
absorption of the Nd:YAG laser allows for the controlled
destruction by vaporization and thermal necrosis of tissue
up to a depth of 4-5mm. Such controlled destruction of
the endometrium and underlying myometrial tissue causes
minimal temperature rises on the serosal surface of the
endometrium."*> Carbon dioxide and KTP/ATP lasers
have much lower proportions of forward scatter of energy
and therefore are ineffective for the destruction of the basal
endometrial glandular structures.

Endometrial glands penetrate the myometrium to a
depth of 4-5 mm in a normal uterus (the depth of pen-
etration is greater in patients with adenomyosis). To pre-
vent regeneration of the endometrium from these basal
glands or basal lamina, tissue destruction must be to at
least this depth."®” This makes the Nd:YAG laser ideal
for the destruction of the endometrium.

In addition, the wavelength of the laser light produced
also determines how the light may be transmitted from
source to its point of delivery. The carbon dioxide laser beam
is transmitted using mirrors and swinging arms. ATD,
KTP, and Nd:YAG may be transmitted using flexible

fibers, making them much less cumbersome to use.
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Figure 17.1 Reflection, scattering, and forward
transmission of laser energy with zones of thermal effect:
A, zone of vaporization; B, zone of thermal necrosis; and
C, zone of inflammation and recovery.
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Figure 17.2  Characteristics of beam scattering for different
lasers.

LASER SAFETY

Lasers are potentially dangerous, so it is important that all
members of the theater team involved with their use are
appropriately trained, familiar with the potential hazards
of their use, and that appropriate protocols are developed
to avoid laser hazards.

The suppliers of the laser and the medical physics
department of each hospital should ensure that the equip-
ment is correctly installed and that all staff members are
familiar with the operational procedures for the equip-
ment. A laser safety committee must be established

and only surgeons who have attended didactic sessions
on laser safety should be permitted to use the laser. The
theater should have a nominated laser safety officer or
officers who must be accredited in the use of medical
lasers. The key for the laser should be kept in a locked
cupboard when the laser is not in use or by the nominated
laser safety officer(s) when the laser is to be activated.

The Nd:YAG laser is a class IV laser and the main
hazard to staff is eye damage: injury to the cornea or
macula is permanent. It is imperative that all staff mem-
bers understand the risks posed and wear the appropriate
eye protection at all times when the laser is in the theater,
whether the laser is active or not. Laser goggles are specific
for the wavelengths of individual lasers and should not,
therefore, be exchanged between theaters using different
types of lasers. To prevent accidental injury to staff mem-
bers not directly involved in the patient’s care, all doors
to the theater should be locked from the inside. Alert
signs should be hung (Figure 17.3) on the outside of the
doors of theater alerting those who may wish to enter the
theater that a laser is in use. If the doors have windows,
these should be blacked out or covered.

INSTRUMENTATION

The equipment described above forms an integral part of
the treatment of each patient, and absence of or damage to
any of the safety equipment should be treated seriously.
The laser generator is a bulky piece of equipment and
is removed from theatre when not in use. A commonly
used laser generator is the SLT CL100 Nd:YAG laser
(Surgical Laser Technologies, Inc., Malvern, PA). The
maximum power output of this machine is 80 W (see
below). The electrical supply to the laser generator requires

Laser Radiation:
Avoid Eye or Skin Exposure
to Direct or Scattered Radiation

LASER TYPE POWER/ENERGY WAVELENGTH
[ cLassv |

Figure 17.3  Alert sign for theater entrances and exits.
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a specific electrical socket and lead capable of delivering a
current of 40 A and voltage of 415 V. The socket for the
laser generator should be sited near where the generator is
placed during surgery.

The energy is delivered through a 600 pm bare quartz
fiber, with fiber transmission rates of >95% being essen-
tial for economic and effective use of the generator. The
tip of the fiber heats during operation and may occasion-
ally fragment; the risk of this occurrence can be reduced
by continuous flow of cool fluid over the tip of the fiber
during the procedure. The tip of the fiber is cut to ensure
a ‘clean’ working surface for each patient.

Pressure-controlled continuous flow of irrigating fluid
allows for distention of the uterine cavity with minimal risk
of inducing fluid overload, clears endometrial debris from
the operative field, and cools the tip of the fiber. Such flow
is achieved using a WOM hysteroflator (HYS SUR-
GIMAT) and Aquasens Fluid Monitoring System (Aquin-
tel Inc., Mountain View, CA) which allows for accurate
and instantaneous monitoring of fluid deficit throughout
the procedure and reduces the risk of sudden and unex-
pected fluid overload.® A steady intrauterine pressure is
maintained throughout the procedure, facilitating clear
visualization of the uterine cavity. Fluid loss due to spillage
is minimized by the use of a plastic drape placed beneath
the patient’s buttocks from which leaked fluid is returned
to the monitoring system. The fluid used is normal saline,
which reduces the risk of electrolyte disturbance if excessive
fluid absorption does occur.

The hysteroscope used should be a three-channel
operating scope such as that described by Baggish.” Sepa-
rate inflow and outflow channels permit the maintenance
of a continuous flow of fluid, with the evacuation of
blood, tissue, and gas produced by the vaporization of
tissue. A third channel is necessary for the delivery of the
laser fiber and its sheath. Passage of the fiber through a
channel used for insufflation or evacuation of fluid will
result in reduced or increased pressures, respectively, and
reduced flow rates. Good-quality three-channel scopes are
now available with diameters of approximately 5.5 mm.
Images obtained with a 0° straightforward scope under
video vision permit the laser fiber to be dragged from the
cornua or fundus to the isthmus in one movement, but
some operators prefer to use a 30° scope.

A good-quality camera and video system are recom-
mended, a lighter camera being preferred to prevent tir-
ing or strain of the surgeon’s arm and shoulder. The stack
or pendulum holding the light source, camera system,
and monitor are all placed on the patient’s right side (for
a right-handed operator) and the fluid irrigation system
and laser generator to the patient’s left for ease of access.

The operating table should have surgical ‘boots’ fitted
in order that the patient’s legs may be flexed and abducted

at the hips by the surgeon to permit access to the uterine
cornua.

PATIENT SELECTION AND PREOPERATIVE
PREPARATION

Patients are assessed with bimanual examination and
transvaginal ultrasound scanning prior to surgery to
exclude intracavitary or large fibroids and adnexal pathol-
ogy. Some gynecologists prefer a formal assessment of the
cavity by hysteroscopy before arranging for laser ablation.
A biopsy sample of the endometrium is taken in the out-
patient department; if the result of this is not conclusive,
or insufficient, or the sampler cannot be passed through
the cervix, the endometrium is biopsied by curettage at
the time of surgery. An up-to-date cervical smear result
must be normal. Patients should have completed their
family and have employed a reliable method of contra-
ception. This avoids subsequent complications in preg-
nancy following endometrial destruction. Inclusion and
exclusion criteria for endometrial laser ablation are listed
below in Table 17.1.

Fibroids, septa, and polypi may be treated with the
laser. However, larger fibroids are associated with increased
operating times and increased volumes of fluid absorp-
tion. Patients should be alerted to the possibility that the
procedure may require two or more stages and that there
is an increased risk of uterine perforation.

Having described the mechanism of action of the laser
above, it will be clear to the reader that to administer
effective treatment the depth of thermal injury should
extend to approximately 4-5 mm into the myometrium.
The endometrium should therefore be pretreated to
ensure that it is as thin as possible prior to surgery, facili-
tating destruction of the basal lamina with a single pass of
the laser. This can be achieved chemically by the use of
danazol at a dose of 400—-800 mg/day for 4-5 weeks pre-
operatively or by the use of a single injection of a gonad-
otropin-releasing hormone (GnRH) analogue such as
goserelin 3.6 mg 4 weeks preoperatively.'!" The inject-
able preparation can be administered, or a prescription
for danazol issued at the patient’s preoperative pre-assess-
ment visit (usually 4 weeks prior to surgery). If the patient
is reluctant to take preop preparation, the procedure
should be timed for the immediate postmenstrual phase
of the cycle.

In Garry et al’s trial comparing danazol and goserelin
there was no difference in clinical outcomes but it was
noted that better operating conditions were achieved with
the use of two doses of goserelin.'” The use of two doses
of goserelin resulted in significant side effects and there
are cost implications, but these were felt to be offset by
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Table 17.1.

Criteria for treatment Exclusion criteria (velative)

* Dysfunctional uterine e Uterine size >12 weeks

bleeding
* Intracavitary fibroids * Intracavitary fibroids
<5 cm >5 cm
¢ Family completed * Concomitant gynecologic
pathology
* Bleeding primary * Endometrial hyperplasia

complaint (not pain or or malignancy (all stages

premenstrual syndrome) of endometrial atypia)
* Active pelvic infection

* Datient request for
amenrrhoea

the better operating conditions achieved and improved

long-term outcomes following ablation."

OPERATIVE PROCEDURE

The operation is performed under general anesthesia. The
patient is placed in the lithotomy position with the hips
flexed and moderately abducted, permitting access to the
uterine cornua. The basic principles of the procedure follow
that described by Garry.'

As the patient is being anesthetized and positioned,
the surgeon assembles the scope, connecting the fluid
inflow and outflow tubing and light lead. The laser fiber
is fed through first its sheath and then the operating chan-
nel of the hysteroscope. The fluid inflow should be con-
nected peripherally to a warmed 3L bag of saline using a
wide bore giving set fed through the fluid insufflator. The
maximum flow rate is set at 250 ml/min (this should
not be increased) and the initial maximum pressure at
75 mmHg (this may be increased or decreased during the
procedure). Increasing the operating pressure increases
the rate at which fluid is forced into the intravascular
compartment, and thus increases the risk of fluid over-
load. The scope is connected to the camera system, and
the camera and lead covered with a sterile drape to pre-
vent contamination of the camera and keep the camera
lens dry during the procedure.

A non-flammable solution is used to cleanse the
perineum and vagina and the patient is draped in the usual
fashion but with a plastic pocket drape under the but-
tocks. The cervix is dilated to a size which will just permit
the passage of the operating hysteroscope.

The hysteroscope is inserted under direct vision with
the fluid running. The laser fiber is then introduced into

the uterine cavity through the operating channel and its
flexible metal sheath. Care should be taken to ensure that
the operating channel valve is open before attempts at
insertion of the fiber to prevent damage to the tip. Only
then should the laser generator be switched from standby
to active mode and the power set at 80 W. The foot pedal
should be placed at the surgeon’s dominant foot.

Two techniques for application of the laser energy
may be employed: dragging, when the tip of the fiber is
in contact with the endometrium; and blanching, when
the tip of the fiber does not come into contact with the
endometrium."" Some authors have suggested the use of
the laser and rollerball.’® Only one study has compared
the two methods of ELA, and the conclusion from this
study was that the blanching technique was easier to per-
form and more effective.'” Despite this, the dragging
technique remains more commonly used.

Using the dragging technique, the tip of the laser fiber
is placed on the endometrium and the laser discharged as
the tip of the fiber is dragged over the surface of the endo-
metrium. The camera system is held in the non-dominant
(left) hand, leaving the right (dominant) hand free to
withdraw and apply pressure to the fiber tip with each pass
of the fiber. Each pass of the fiber tip over the endome-
trium creates a vaporized furrow, and repeated passes
produce a series of parallel furrows over the entire surface
of the endometrium with a golden brown base of char
(Figure 17.4). The order in which the cavity is treated is as
follows: the cornua are treated first with radial furrows,
beginning at the tubal ostia and extending outwards; The
fundus is treated with horizontal (lateral) movements; and
the anterior, lateral and posterior walls are treated with
vertical passes of the fiber tip to the level of the internal
cervical os (Figure 17.5).

Figure 17.4 Completely treated uterine cavity. The tip of
the laser fiber can be seen in the middle of the picture.
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Figure 17.5 Representation of the order in which the
cavity is treated.

With the blanching technique, the tip of the laser fiber
does not come into contact with the endometrium.” The
laser is discharged as the tip of the fiber is moved or ‘air-
brushed’ slowly over the surface of the endometrium
without coming into contact with it. To achieve an opti-
mal depth of thermal injury, the fiber should be held
perpendicular to the surface of the endometrium: while
this is achievable at the fundus and cornua, application of
laser energy to the anterior, posterior, and lateral walls is
more difficult to achieve using this technique. As the
endometrium is systematically treated, the surface turns
white in color but there is little difference in its appear-
ance. It can therefore be difficult to determine which
areas have been treated, particularly as the endometrium
will often appear white following pretreatment with
GnRH analogues or danazol.

A number of safety rules are applied, regardless of the
technique used or the anatomy of the cavity:

* the laser should only be fired when the tip of the fiber
is being dragged or moved towards the scope and
NEVER when the tip is being pushed away from the

scope

* the laser should not be fired when the tip of the fiber

1s not in vision

* the tip of the fiber should be kept in constant slow
motion when the laser is being fired.

Extreme caution should be exercised if an area is
retreated and when treating the anterior wall of the cavity,
which is often obscured by the presence of gas bubbles.

The power settings of the laser can be altered, with

outputs of between 30W and80W having been

suggested.'®??® The author prefers to use the dragging
technique throughout, with a power setting of 80 W and
slow passage of the laser tip with gentle pressure applied
to the surface of the endometrium.

Average operating times using this technique are
19-32 minutes.'®*"**

RESULTS

The effect of the laser on the endometrium and underly-
ing myometrium has been poorly documented. The stud-
ies of Goldrath et al.,! Davis,'” and Indman'® on the tissue
effects of laser energy suggest that the depth of thermal
necrosis is 4-5 mm with a power output of 80 W using
the dragging technique, and reduced depths of thermal
necrosis with lower-power outputs.

Long-term follow-up results have been published by a
number of authors, with studies reporting on outcomes
after periods of between 6 months and 12 years. Some of
these studies are summarized below.

In Garry et al’s series of 859 patients, follow-up ranged
from 6 months to 3 years.” The amenorrhea rate was
60% and a further 32% of patients had ongoing but
acceptable menstrual bleeding. Only 39 patients had
ongoing menorrhagia following treatment, and 26 of
these responded to a second ablation. Thirteen (3%) of
479 patients followed up for at least 6 months required
hysterectomy by 3 years. The mean treatment time was
24 minutes and the complication rates were low (minor
fluid overload 0.4%, infection 0.4%), perforation 0.3%).
In two follow-up publications, the same authors
concluded that the principal reason for treatment failure
was persistent menstrual pain, and that increasing patient
age increased the likelihood of a successful outcome.?*
Uterine size or operating time were not important factors
in predicting outcome.

Pinion et al. randomized patients planned for hyster-
ectomy for menorrhagia to hysterectomy, transcervical
resection of the endometrium (TCRE), and ELA, with
the randomization ratio being 1:1 for hysterectomy and
hysteroscopic surgery and 1:1 within the hysteroscopic
surgery arm of the trial.” There were no reported statisti-
cally significant differences between the ELA and TCRE
groups, but there was less intraoperative and early post-
operative morbidity in the hysteroscopic surgery arm of
the trial and a more rapid recovery than in the hysterec-
tomy group (2—4 weeks vs 2-3 months, p < 0.001). Sev-
enteen patients in the hysteroscopic surgery arm
subsequently underwent hysterectomy and 11 repeat
hysteroscopic procedures. Seventy-five of 96 (78%) and
89% (79/89) patients in the hysteroscopic surgery and
hysterectomy groups were satisfied with their treatment
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(p < 0.001) at 12 months and 95% and 90%, respec-
tively, felt that there had been an acceptable improve-
ment in their symptoms.

In 1995, Goldrath reported results of 427 ablations
performed on 407 women.” Excellent results were obtained
in 379 women (89%) and only 35 (8.2%) patients had
poor outcomes. This study also showed a significant reduc-
tion in the number of treatment failures if a single dose of
medroxyprogesterone acetate was administered at the time
of surgery (p < 0.04).

The rate of hysterectomy following ELA in Jourdain
et al’s study of 137 patients was 13.3%, and 85% of
patients were satisfied with their treatment with a mean
follow-up of 32 months.”> However, 35 (29.2%) of
patients in whom treatment was deemed to be a success
had serologic evidence of menopause. Treatment failures
in this study were attributed to adenomyosis and fibroids,
in contrast to other studies where the treatment of fibroids
was associated with increased amenorrhea rates following
treatment.

Bhattacharya et al. compared TCRE with ELA in a
randomized controlled trial with 184 women randomized
to treatment with TCRE and 188 to ELA.”® There were
no reported differences in further surgical intervention
(20% vs 16%) but only 9 (5%) women in the ELA group
required hysterectomy, as opposed to 25 (14%) in the
TCRE group. Satisfaction rates at 12 months were similar
(90% ELA vs 91% TCRE).

Phillips et al. reported on a series of 1003 consecutive
ablations performed on 873 patients, a single procedure
being performed on 746 women, two ablations on 124
(14.2%), and three procedures in three women (0.4%).*'
Using survival curve analysis to compensate for varying
follow-up times, it was estimated that the hysterectomy
rate (for all indications) at 6.5 years was 21%. Having
adjusted for confounding factors such as age and dysmen-
orrhea, factors affecting the risk of subsequently undergo-
ing hysterectomy were repeat ablation (relative risk
[RR] =2.93; 95% confidence interval [CI] 1.59-5.40;
2 =10.0015), which increased the risk, and the presence of
intracavitary fibroids (RR=0.26; 95% CI 0.08-0.86;
2 =0.0082), which reduced the risk. Shankar et al. demon-
strated a similar hysterectomy rate at 4 years, with 79.3%
of patients satisfied with the results of treatment and
76.2% remaining ‘free of failure’ at 4 years.”” This study
also demonstrated a higher rate of success in older
patients.

Baggish and Sze reported a 58% amenorrhea rate,
with a further 34% patients noting reductions in men-
strual flow.*® The complication rate was very low (0%
uterine perforation, <1% fluid overload) and the average
follow-up in this study was 4.5 years. The number of
subsequent hysterectomies is not noted.

ELA has, more recently, also been compared to ther-
mal balloon ablation: amenorrhea rates for ELA were
39% vs 29% for balloon therapy.’ First-generation abla-
tion techniques remain the benchmark against which
second-generation technologies are tested.

Historically, amenorrhea rates and rate of subsequent
hysterectomy have been used as the primary outcome
measures. Other factors are also important, including eco-
nomic analysis and effect of treatment on the patient's
quality of life, perception of body image, and sexual activ-
ity. It has recently been suggested that quality of life assess-
ment, rather than amenorrhea or subsequent hysterectomy
rate, should be used to determine treatment efficacy.’”

COMPLICATIONS AND ADVERSE
INCIDENTS

When the safety principles outlined above are followed,
the rates of adverse incidents and complications are low.
The risk of blunt uterine perforation at cervical dilatation
is reported at 1% but at ELA the reported rate is some-
what lower (0-0.3%).7>%% Uterine perforation with the
hysteroscope or laser fiber is rare in the absence of fibroids.
The Royal College of Obstetricians and Gynaecologists'
Clinical Audit Unit examined data from more than 10000
ablations in the MISTLETOE study; of these, 1793 were
endometrial laser ablation procedures.’ The overall rate of
immediate complications (hemorrhage, perforation, car-
diorespiratory problems, and visceral burn) with laser and
rollerball ablation were significantly lower than with resec-
tion. In addition, the rate of emergency surgical interven-
tion was significantly lower during laser ablation than all
the other techniques assessed. 0.34% vs 1.11% (roller-
ball); 1.36% (loop and ball); 2.39% (loop alone); and
2.86% (radiofrequency ablation).

Fluid absorption complicates all procedures when lig-
uid is used to distend the uterine cavity. Hasham et al.
studied in detail the rates of fluid absorption at varying
flow rates and pressures employed for ablative techniques:
rate of flow of fluid through the uterus, the uterine pres-
sure, and the depth of thermal injury were all found to be
linked to the rate at which fluid is absorbed.” The risk of
sudden and unexpected fluid loss can be reduced by the
use of fluid insufflation and monitoring systems.® When
fluid monitoring systems are not used, large volumes of
fluid can be rapidly absorbed, as demonstrated in the study
by Osborne et al. when up to 5.1 L were lost during
uncomplicated procedures.*® The use of electrolyte solu-
tions such as Hartmann’s or saline is possible with ELA,
and this markedly reduces the risk of TURP (transurethral
resection of the prostate) syndrome and dilutional hypona-
tremia in the presence of excessive fluid absorption. What
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is defined as excessive is dependent on the operator and
unit policy: the author uses 1500 ml of deficit as a first
alarm level. At this point, a single dose of furosemide
(20 mg) is administered intravenously and a urinary cath-
eter inserted. The volume of urine subsequently excreted
is subtracted from the calculated deficit and the resulting
figure taken as the true fluid deficit (the bladder having
been emptied at the beginning of the procedure). Volumes
of >2500 ml are not tolerated and surgery is discontinued,
even if incomplete when this figure is reached.

Extrauterine visceral injury occurs very infrequently
but is a serious complication.**?” Enterotomy or thermal
bowel injury will require laparotomy in the majority of
patients. This permits inspection of the entire bowel and
facilitates repair of any small or large bowel injury that
has occurred. Failure to recognize uterine perforation may
result in a delayed presentation of fecal peritonitis, with a
patient in a moribund state.

The uterine vessels can be injured, particularly if lat-
eral wall fibroids are being treated, and such injuries are
more common than pelvic wall vessel injury. Most cases
of intraoperative hemorrhage can be controlled with the
use of electrocautery or the placement of a urinary cath-
eter within the uterine cavity and inflation of its balloon.
Hysterectomy, however, is sometimes necessary to con-
trol bleeding, and should be considered early if a patient
becomes hemodynamically unstable.

Reported cases of postoperative endometritis are
uncommon (<1%) and antibiotics reduce the incidence
of such infections further.”****° When infection does
occur, it should be treated aggressively to prevent the
development of profound sepsis.** A bloody watery dis-
charge may persist for up to 6 weeks following surgery
but this rarely infected or problematic.

Intravasation of gas produced by the rapid vaporization
of tissue may rarely result in gas embolism, a potentially
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fatal complication: this has been reported with the use of
a carbon dioxide cooled coaxial fiber with an exposed tip
but is most unlikely to occur when the tip of the fiber is
cooled in liquid.”®

Late complications include:

e failure, with recurrence of dysfunctional bleeding
* pelvic pain as a result of tubal syndrome”

* dysmenorrhea (often related to the presence of adeno-
myosis)

* the formation of uterine granulomata.”

Following laser ablation, hysteroscopic assessment of the
cavity for abnormal bleeding should be carried out because
pockets of endometrium may be obscured by the scaring
that results from the primary surgery.

CONCLUSIONS

Endometrial laser ablation is a safe and effective alterna-
tive to hysterectomy for the treatment of heavy menstrual
loss, uterine fibroids, and polypi. The procedure has a
longer learning curve than for the currently available
second-generation endometrial ablation techniques and a
high initial set-up cost. The technique does, however,
have a long track record, and more than 75% of women
have endometrial laser ablation for treatment of menstrual
dysfunction and will avoid the need for hysterectomy.
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INTRODUCTION

Abnormal uterine bleeding (AUB) from benign causes is
experienced by approximately one in four premeno-
pausal women. The prevalence increases with age and
peaks just prior to menopause.! When menstrual blood
loss (MBL) exceeds 80 ml, approximately two-thirds of
women develop iron deficiency anemia.” In addition,
AUB adversely affects women’s quality of life and can
lead to significant utilization of healthcare resources.” In
the past, menorrhagia was treated by dilatation and
curettage (D&C) and/or hysterectomy. It has been
shown that D&C has no therapeutic effect on menor-
rhagia.! Hysterectomy is a definitive therapy for menor-
rhagia, with high rates of patient satisfaction; however,
it is associated with inflated rates of morbidity and
costs.'

Hysteroscopic endometrial ablation (HEA) was
introduced in the 1980s as an alternative to hysterec-
tomy in women with AUB of benign causes. Initially,
there was rapid and wide interest in this procedure. This
enthusiasm came to a halt, and even a decline in some
countries (e.g. Australia), due to a realization that HEA
required additional training and surgical expertise to
avoid emergent procedure-related complications such as
excessive fluid absorption, uterine perforations4’5 and
thermal injuries.® A prospective study (MISTLETOE)
captured about 80% of HEA performed in the UK up
to the mid 1990s. The efficacy of HEA and risk of com-
plications were strongly related to skill and training of
the surgeon. Severe complications, especially with use of
the loop electrode, were more common in the first 100
cases of the surgeon.” To overcome these difficulties and
concerns, a thermal balloon (ThermaChoice, Gynecare,
Division of Ethicon, Somerville, NJ) invented by Neu-
wirth and Bolduc and described in 1994, was utilized
that required skills similar to inserting an intrauterine
contraceptive device (IUCD).?

130

HISTORY OF THE THERMACHOICE
BALLOON

Development of balloon endometrial ablation

The invention consisted of a plastic catheter, 16 cm long x
3 mm in diameter, which was connected to a latex bal-
loon on one side and to a control unit on the other. The
latex balloon was designed to conform to the uterine cavity
at an intraluminal pressure of approximately 70 mmHg.
The distal end of the catheter formed the center axis of
the balloon, inside of which there was a heating element
and a thermistor surrounded by a perforated heat shield.
The control unit monitored intra-balloon pressure, tem-
perature, and duration of treatment. Initially, it was
thought that the most appropriate intra-balloon pressure
should be 70-80 mmHg. The initial six cases were con-
ducted in the high altitude of Mexico City; thus, the
temperatures within the balloon were kept below 100°C
to avoid boiling of the liquid (5% dextrose in water) and
any potential sequelae of steam formation. Subsequently,
the control unit was programmed to provide a tempera-
ture range of 87 + 5°C via a feedback thermistor/heating
element software system.

Initial studies

The duration of treatment in six prehysterectomy speci-
mens in Mexico City varied from 6 to 12 minutes at
temperatures of 87.7-97.2°C. An additional four prehys-
terectomy cases were performed in London, UK, and the
duration of treatment was limited to 6 minutes with
intra-balloon temperatures of 87.7-89.4°C. During treat-
ment in all 10 cases, the uterine serosal temperature was
measured by thermocouples, and varied from 31.7°C to
37°C. Once the hysterectomy was completed, sections of the
uterine wall were taken for histochemical assessment of tis-
sue destruction by diaphorase stains. Visual measurements
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of thermal destruction correlated with histochemical find-
ings, indicating a zone of destruction ranging from 3.3 mm
up to 10 mm (average 5.5 mm).”

Following prehysterectomy studies, a feasibility study
was conducted in 18 women with menorrhagia in five
centers (Mexico, Canada, USA, and UK).” All except two
procedures were performed in the operating room under
general anesthesia; one patient had regional anesthesia
while another had local anesthesia. Four women were
treated under laparoscopic observation. The intra-balloon
pressure was stabilized at 80 mmHg, the temperature was
kept at 170-190°F (76.6-87.8°C) for at least 4 minutes,
and the duration of treatment varied from 6 to 9 minutes.
At follow-up of 6-34 months, there were no reported
complications and seven of 18 women (39%) reported
light menses, eight (44%) reported spotting or amenor-
rhea, and three women (17%) reported no change in
menstrual pattern. Two women (11%) subsequently had
hysterectomy.’

The first feasibility/efficacy pilot study was conducted
by Vilos at St. Joseph's Health Care, London, Canada, in
June and July of 1994. After Institutional Review Board
(IRB) approval, 30 women with menorrhagia who met
inclusion and exclusion criteria were treated with the
ThermaChoice balloon. Nine women were pretreated
with danazol 100-200 mg/day for 1-2 months prior to
surgery. The controller had been programmed to provide
a temperature range of 87 + 5°C for 8 minutes. The first
nine women were treated under general anesthesia while
the subsequent 21 women were treated under conscious
intravenous (IV) sedation and paracervical block. The
first seven patients experienced severe uterine cramps in
the immediate postoperative period. A single, preoperative
dose of indomethacin (100 mg) rectal suppository mark-
edly reduced intra- and postoperative cramps and was
given routinely to all subsequent women.

The balloon was pressurized between 80 and 140 mmHg
in the first 15 patients. Routine post-balloon ablation
hysteroscopy indicated variable thermal tissue effects on
the endometrium. Flattening of the endometrium with
more uniform coverage of the balloon and thermal necrosis
was noted at higher pressures. By plotting pressure—volume
curves, it was determined that the natural capacity of the
uterus was reached at approximately 160-170 mmHg.
Therefore, in the last 15 women and all subsequent studies,
the balloon was inflated until the pressure was stable at
160-180 mmHg."

The feasibility pilot study was expanded to include a
total of 121 women treated by the ThermaChoice bal-
loon in 3 centers in Canada.'" No intraoperative compli-
cations occurred and minor postoperative morbidity was
reported in 4% of patients. Success of the procedure was
constant over the year (range 86-90%). Treatment led to

significant decreases in menstrual flow, duration, and pain
(» <0.001). No significant effects of parity, uterine position
or cavity length, timing, or various endometrial-thinning
regimens were found. Increasing age was significantly
associated with increased odds of success (p <0.05)."!

The safety and efficacy of thermal balloon ablation
was further evaluated by an international prospective
observational study, including five European countries,
Canada, and Australia. The 121 patients from the Canadian
trial were included. Follow-up data at 3 and/or 6 and/or
12 months were required for inclusion in the analysis.'?
Between June 1994 and August 1996, 321 women were
treated and 296 were eligible for analysis. No intraopera-
tive complications occurred and postoperative morbidity
was minimal. Success of the procedure was constant over
the year (range 88-91%) and treatment led to a signifi-
cant decrease in the duration of menstrual flow and severity
of pain (p <0.0001). Increasing age, higher balloon pres-
sure, smaller uterine cavity, and a lesser degree of prepro-
cedure menorrhagia were associated with significantly
improved results. Pretreatment with a gonadotropin-
releasing hormone agonist (GnRH-a) increased amenor-
rhea and spotting rates (p = 0.03), but was only used in
5% of patients.'”

A multicenter randomized controlled trial (RCT) —
randomization 1:1 — comparing ThermaChoice and
rollerball ablation, for treatment of menorrhagia in pre-
menopausal women (7 = 255), was conducted in 12 centers
in the USA and two in Canada." At 12 months of follow-up,
239 women were evaluable. Results indicated that both
techniques significantly reduced menstrual blood flow,
with no clinically significant differences between the two
groups as reflected by return to normal or less bleeding
(balloon 80.2% and rollerball ablation 84.3%). Intraop-
erative complications occurred in 3.2% of rollerball-treated
patients, whereas no intraoperative complications occurred
in the ThermaChoice group. The study concluded that
uterine balloon therapy is as efficacious as hysteroscopic
rollerball ablation, and may actually be safer, in the treat-
ment of dysfunctional uterine bleeding (DUB)."

Based on the above evidence, the FDA (Food and
Drug Administration) approved the use of ThermaChoice
balloon endometrial ablation in the USA in December
1997. It had been approved in other parts of the world in
1995.

TEMPERATURE SAFETY ASPECTS

Initially, thermal injury by the hot liquid balloon was
evaluated in a variety of non-perfused tissues. Approxi-
mately 5 mm of coagulation necrosis was noted when the
liquid inside the balloon was heated to 92°C for 5 minutes.
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Similar coagulation effects were seen in extirpated uterine
specimens.”

Safety aspects of the ThermaChoice balloon were fur-
ther studied by Andersen and colleagues in Denmark,
and Shah and colleagues in the USA. Andersen et al.
measured uterine serosal temperatures in eight women
undergoing balloon ablation just prior to abdominal hys-
terectomy for benign AUB and/or dysmenorrhea. Balloon
therapy was completed at 87+5°C, a pressure of
100-160 mmHg, and treatment duration of 8, 14, 15,
and 16 minutes. The highest uterine serosal temperature
recorded was 39.1°C at the left cornua after 13 minutes
in one patient. The rate of increase and the gradients of
serosal temperature varied between patients; however, the
temperature peaked at 10—12 minutes and stabilized at
9-11 minutes. The average coagulation zone in the uter-
ine corpus was 3.5 mm, and one patient showed 11.5 mm
of coagulation at the fundus. In this patient, the serosal
temperature was 38.8°C at 16 minutes of treatment.'*

Shah and colleagues reported on 20 women undergo-
ing abdominal hysterectomy. Eleven extirpated uterine
specimens were treated with the ThermaChoice balloon
for 8 minutes at pressures of 150—179 mmHg. The heat-
ing cycle was not activated in two specimens, which were
used as controls. Data collected from seven cases indicated
that the serosal temperatures remained below 45°C, with
the greatest depth of myometrial necrosis being 5-8 mm.
In-vivo measurements in nine prehysterectomy uteri
revealed a mean (+SD) peak serosal temperature of
36.1£1.6°C. Histochemical studies indicated that the
greatest depth of myometrial injury occurred in the mid
fundus at 3.4 mm."”

EFFECTS OF BALLOON PRESSURIZATION

Initially, the balloon was pressurized at 70-80 mmHg.*
The control unit was programmed, so that when pressure
was outside the 45-165 mmHg range, the heating unit
would default and shut down.®

In the initial studies by Vilos et al., 18 women were
treated for 8 minutes at 80—150 mmHg pressure and 15
women at 151-180 mmHg. At 12-24 months follow-up,
persistent menorrhagia was reported in 56% of women in
the low-pressure-treated group compared with 20% in the
high-pressure-treated group (p = 0.01). To determine
the natural capacity of the uterus, pressure—volume curves
were performed by incremental infusion of small volumes
of 5% dextrose and water in nine women. The natural
uterine capacity was reached at 170-180 mmHg. Attempts
to infuse even a small portion of liquid after this pressure
induced uterine contractions and rapid increases in intra-
uterine pressure (IUP).'¢

It was speculated that the improved clinical outcome
at higher pressures may be due to flattening of the endo-
metrium, better contact of the balloon with the uterine
cavity, and restriction of local blood circulation, allowing
deeper and more uniform distribution of heat.'® The
effects of blood flow, balloon pressure, and blood vessel
damage were studied in a geometric uterine model. The
model predicted that higher intra-balloon pressures
(>166 mmHg) strangulate endomyometrial capillary ves-
sels by local stress, allowing deeper penetration of thermal
coagulation and necrosis."”

The intra-treatment characteristics and the effects of
ThermaChoice intra-balloon pressure on the clinical out-
comes were also reported from a prospective observational
study of 72 women with menorrhagia.'"® The mean (£ SD)
starting pressure was 174.8 = 8.3 mmHg, which decreased
to a mean end pressure of 143.1 £ 18.1 mmHg. A spon-
taneous decrease in IUP was observed in 67 patients
(93%), with the mean reduction being 34.1 £ 14.9 mmHg
or 19.5+9.1%. An increase in IUP at the end of the cycle
was seen in two (3%) and no change in IUP in three
patients (4%). The end pressure decreased to <140 mmHg
in 29 patients (35%) and to <120 mmHg in 8 patients
(11%). The end pressure remained >160 mmHg in only
12 patients (17%)."®

With up to 36 months of follow-up, life-table analysis
of the data indicated that the mean end pressure was sig-
nificantly lower in patients with treatment failure than in
those with successful treatment (131.1 £ 14.1 mmHg vs
145.1 + 18.0 mmHg, p = 0.02). The failure rate was
37.5% when the end pressure decreased to <120 mmHg,
whereas it was 4.7% if the pressure remained at 2140
mmHg. No patient experienced treatment failure if the
end pressure was >160 mmHg.'"® Amenorrhea rates of
33% vs 5% (p <0.01) were experienced if the end pres-
sures were >160 and <160 mmHg, respectively. Univari-
ate analysis of the data demonstrated that the rates of
success of treatment with ThermaChoice were signifi-
cantly lower when the end pressure was <140 mmHg,
the intrauterine volume was >10 ml, and the uterus was
retroverted.'®

The importance of adequate balloon pressurization and
maintenance of high pressure throughout the 8-minute
treatment cycle was recognized quite early.'™® It was
suggested that the balloon be pressurized slowly up to
200 mmHg and the pressure titrated downwards to
180 mmHg prior to starting treatment. If the pressure
decreases to <160 mmHg during the treatment cycle,
some surgeons reinstate and maintain the pressure between
160 and 180 mmHg by small incremental infusion or
withdrawal of liquid throughout the 8-minute cycle.'®"
However, addition of liquid during a therapy cycle is not
recommended by the manufacturer of ThermaChoice.
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EFFECTS OF DURATION OF TREATMENT

The initial studies on various tissues, extirpated uterine
specimens, prehysterectomy-treated uteri, and in vivo pilot
studies indicated that an effective duration of treatment
should be approximately 8 minutes. The 8-minute dura-
tion has been programmed into the control unit and has
been used in all subsequent treatments. Vilos and colleagues
compared 15 women treated for 8 minutes with 33 women
treated for 12—-16 minutes at 151-180 mmHg pressure.
Success was not affected or influenced by increasing the
duration of treatment from 8 to 12 minutes or more.'®

Bongers et al compared 63 women treated for 8 min-
utes with 67 treated for 16 minutes. Hysteroscopy, per-
formed immediately after treatment, showed a thermal
effect on both the anterior wall and fundal region in both
groups. The posterior wall appeared non-treated in 25%
of women after 8 minutes, whereas it was only 8% in the
16-minute group (not statistically significant). At 3, 6,
12, and 24 months of follow-up, failure rates, defined by
hysterectomy (six in each group) or patient dissatisfaction
(n = 11) with the treatment result, were similar in the two
groups.”

A warning by the manufacturer of ThermaChoice
states not to treat patients for more than one therapy
cycle in a given treatment session because of the potential
for transmural injury to the uterus or injury to adjacent
viscera.

PRETREATMENT ASPECTS
Patient assessment

Prior to endometrial ablation, by any technology, women
with AUB should be assessed and inclusion and exclusion
criteria should be applied in accordance with established
clinical practice guidelines"*' and manufacturer’s specifi-
cations. In addition to the standard history, physical and
pelvic examination, Papanicolaou smear, vaginal/cervical
swabs and endometrial biopsy, when indicated, the uter-
ine cavity should be thoroughly assessed prior to Therma-
Choice treatment. Imaging by sonography (saline infusion
sonography, ‘SIS’, transvaginal ultrasound “TVS’) and/or
office hysteroscopy is mandatory to assess the shape, size,
and condition of the uterine cavity.

Indications and contraindications

The indications and contraindications for ThermaChoice
endometrial ablation are listed in Tables 18.1 and 18.2,
respectively.

Table 18.1 Indications for ThermaChoice ablation

* Dysfunctional uterine bleeding (DUB)

* Failed traditional therapies (e.g. medical, D&C)

* Contraindications to traditional therapies

e Poor surgical risk for anesthesia, HEA, hysterectomy

e To preserve the uterus

Table 18.2 Contraindications for ThermaChoice

* Genital tract malignancy (cervical, uterine, tubal, ovarian)
* Unresolved endometrial hyperplasia
* Women with anatomic or pathologic uterine anomalies

* Women with history of previous classical cesarean section
or transmural myomectomy

e Intrauterine pregnancy

e Acute genital and/or urinary tract infection

* Women wishing to preserve their fertility

* Women expecting amenorrhea as an outcome
* Women with IUCD in place

* Failed previous endometrial ablation

Patient counseling, education,
and informed consent

Prior to ThermaChoice ablation, women should be
informed that the procedure is irreversible and that the
clinical outcome is reduction of menstrual bleeding, rather
than amenorrhea, although amenorrhea is a possible out-
come. The need for further treatments such as medications,
repeat hysteroscopic endometrial ablation, and/or hyster-
ectomy in approximately 20-25% of women should be
discussed.

It should be emphasized that ThermaChoice ablation
should not be performed in women who wish to preserve
their fertility, nor should it be used as a means for contra-
ception. Additional methods of family planning should
be discussed and documented, since pregnancies after
ThermaChoice balloon ablation have been reported to
occur at a frequency of approximately 5%.* Pregnancies
after ablation can be dangerous for both mother and fetus.
Concomitant laparoscopic or hysteroscopic tubal occlu-
sion should be offered in patients who require contracep-
tion.” The nature of ThermaChoice ablation, possible
complications, clinical outcomes, and alternative thera-
pies should be outlined. Specific complications, such as
infections, hemorrhage, hematometra, postablation tubal
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sterilization syndrome (PATSS), cervical and/or uterine
perforations, and thermal injuries to viscera and/or lower
genital tract, should be disclosed prior to the procedure.

Patient selection

One of the advantages of ThermaChoice balloon ablation
is that it is a minimally invasive procedure requiring skills
similar to those of inserting an [IUCD. However, knowl-
edge and training on its application, use, limitations, and
safety are mandatory. The small-diameter catheter/bal-
loon (4-5 mm) requires minimal cervical dilatation and
obviates the need for major analgesia/anesthesia and the
use of resource-intensive operating rooms. The ideal
patients for ThermaChoice endometrial ablation should
be women with menorrhagia, over 40 years old, normal
size and shape of uterine cavity, who have had at least one
normal vaginal delivery, and family planning is not an
issue.

The pain tolerance of women, their eligibility for out-
patient balloon ablation, and their requirements for anal-
gesia/anesthesia may be assessed during office visits by
pelvic and vaginal speculum examination, particularly by
the ease or difficulty of performing endometrial biopsy
and/or office hysteroscopy.

Cervical stenosis, due to lack of vaginal deliveries, may
be overcome by preoperative misoprostol administration
(orally or vaginally) or insertion of laminaria,?**
cervical scarring from previous surgery would be better dealt
with under conscious sedation or general anesthesia.

whereas

Preoperative endometrial preparation

Intuitively, a thin endometrium should allow deeper
thermal endomyometrial necrosis and result in better clin-
ical outcomes. In the initial Canadian trial, no significant
effects of various endometrial thinning regimens were
noted." The international study (7 = 296 women) sug-
gested that pretreatment with GnRH-a (7 = 15 women)
increased amenorrhea and spotting rates (p = 0.03)."
Lok et al. reported on 72 women treated by Therma-
Choice after endometrial preparation with danazol 600 mg
daily for 6 weeks or a single injection of GnRH-a 6 weeks
prior to ThermaChoice balloon ablation. Transvaginal
ultrasound, performed on the day of treatment, showed a
mean (+SD) endometrial thickness of 3.7+1.1 mm,
whereas the mean (+SD) uterine volume was 10.0 + 4.6 ml.
At a median follow-up of 18 months (range 6—26 months),
the amenorrhea rate was 33% if the pressure was >160
mmHg and 5% if it was <160 mmHg."* Compared with
other RCT's and cohort studies reporting amenorrhea rates
of 5-20%, the high amenorrhea rate of 33% in the present
study may be due to the thin pretreated endometrium.

Lissak and associates treated 30 women with menor-
rhagia using the ThermaChoice balloon. Women were
randomized into receiving a GnRH-a (z=17, Lupron
‘leuprolide acetate’ 3.75 mg, 30 days prior) vs immediate
treatment without a GnRH-a (7 = 13). After 6 months of
follow-up, the amenorrhea, hypomenorrhea, and eumen-
orrhea rates were 23%, 61.5%, and 15.3% vs 23.5%,
70.5%, and 5.8% in the GnRH-a and control groups,
respectively (NS). The corresponding satisfaction rates
were 92% and 88%.%

In the FDA pivotal trial of ThermaChoice vs rollerball
ablation, patients randomized to ThermaChoice balloon
ablation were required to undergo suction curettage for 3
minutes. No standard pretreatment was given to patients
undergoing rollerball ablation. At 12 months of follow-up,
amenorrhea rates were 15.2% and 27.2% in the Therma-
Choice and rollerball groups, respectively.'

Therefore, the use of preoperative endometrial prepa-
ration prior to ThermaChoice is optional. However, if
endometrial thickness of 3—4 mm is thought to be benefi-
cial, as suggested by the study conducted by Lok et al., a
uniformly thin endometrium of 4 mm can be achieved by
oral contraceptives.”

ANALGESIA/ANESTHESIA

During a surgical procedure, the goal of the use of anal-
gesia/anesthesia is to reduce the patient’s anxiety, create
amnesia, and control pain. Pain threshold and pain toler-
ance may be expressed by interaction of biologic, psycho-
logical, and social factors. Pain can be alleviated by a variety
of pharmacologic agents and techniques, including anal-
gesics, local anesthetics, conscious sedation, general anes-
thesia, and possibly acupuncture. Analgesia is defined as
the reduction of pain in the conscious patient and can be
achieved by a variety of medications, including anxiolyt-
ics, opioids, and non-steroidal anti-inflammatory drugs
(NSAIDs). Local anesthesia during endometrial ablation
eliminates sensation from the cervix and uterus, and can
be achieved by a variety of injectable or spray solutions
and gels.”

A suggested cocktail for local anesthesia prior to thermal
balloon endometrial ablation is shown in Table 18.3.

Conscious sedation is defined as minimal reduction in
the level of consciousness while the patient retains her
own airway and responds to physical and verbal stimuli.
Suggested medications for conscious sedation are shown
in Table 18.4.

Caution should be exercised when a combination of
medications is used. Various drugs, given by different
routes, peak at different times, and anxiolytics and narcot-
ics may potentiate each other’s contribution to respiratory
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Table 18.3  Solution for paracervical block

* 10 ml lidocaine 1% with 1:200 000 epinephrine
* 10 ml bupivacaine 0.2%

e 50 ml (1 ampule) sodium bicarbonate

e 1ml (1 ampule) atropine (0.5 mg)

71 ml total solution; inject 10-20 ml around the cervix

Table 18.4 Medications for conscious sedation

* Fentanyl citrate 1 (pg/kg IV)

* Atropine 0.5-0.6 mg IV

* Midazolam 4 m IV

* Antiemetic:
Dimenhydrinate 50 mg IV
Prochlorperazine 10 mg IV or IM

and cardiac dysfunction. Cardiopulmonary monitoring
(blood pressure, heart rate) and pulse oximetry are recom-
mended during treatment when patients are given com-
bined medications by any route.

From the beginning of ThermaChoice utilization, it
became apparent that the majority of women could be
treated without the need for a general anesthetic and
operating room.'”!" In the FDA’s pivotal RCT, local
anesthesia, plus or minus IV sedation, was used in 38.8%
of patients undergoing ThermaChoice balloon ablation."
Various protocols used a combination of agents and tech-
niques, including NSAIDs, opioids, and paracervical
blocks with or without conscious sedation in an outpa-
tient setting (outside operating theaters).

Fernandez et al. treated 18 women with menorrhagia
using the ThermaChoice balloon under preoperative
indomethacin (100 mg) rectal suppository and ketopro-
fen or paracetamol followed by 40 ml of 1% lidocaine
paracervical/intracervical block. The mean visual ana-
logue score (VAS) during the procedure was 3.8.* Dug-
gan and Dodd treated 16 women with the ThermaChoice
balloon under local analgesia with light IV sedation. The
procedure was well tolerated in 80% of women. The
median VAS for intraoperative discomfort was 0.5 (range
0-5.1) and 5.6 (range 1.4-10) for discomfort assessed 2
hours following the procedure.*

Soysal et al. treated 45 women with myoma-induced
menorrhagia using the ThermaChoice balloon under
intracervical/paracervical block (1% lidocaine with
1:200 000 epinephrine) and fentanyl citrate intravenously.
The procedure was well tolerated by all patients.”’

Lok and associates treated 30 women with menor-
rhagia using the ThermaChoice balloon under indo-
methacin (100 mg) rectal suppository, midazolam 7.5 mg
given 2 hours preoperatively, and PCA (patient-controlled
analgesia) pump (propofol 10 mg/ml, alfentanil 500 pg/ml).
Over 85% of women did not think that general anesthesia
was necessary.”’

Laberge and colleagues compared intra and postopera-
tive pain in women with menorrhagia treated by Therma-
Choice (7 = 30) or the NovaSure device (7 = 37, Novacept,
Palo Alto, CA). All patients received indomethacin (100
mg rectal suppository, 1 hour pretreatment), paracervical
block, and IV sedation. Patients treated with Therma-
Choice reported higher intra- and postoperative pain than
those treated with the NovaSure system. Serum prosta-
glandin F,, (PGF,,) values did not differ between the two
groups.”’

In 2004, Clark and Gupta reported on 68 women
with menorrhagia, given the option of having treatment
with the ThermaChoice balloon under general or local
anesthesia. Fifty-three women chose local anesthesia, con-
sisting of indomethacin (100 mg) rectal suppository and
intracervical/paracervical block. No IV sedation or nar-
cotic analgesia was given. The treatment was successfully
completed in 50 women (94%). One (2%) woman could
not tolerate treatment because of severe discomfort. One
woman was not treated due to equipment failure, and, in
one case, the balloon/catheter system could not be inserted
through the cervix."”

A retrospective study reported on 226 women with
menorrhagia treated with either ThermaChoice (7 = 161)
or HEA (7 = 65). Most patients (88%) were treated under
IV sedation, paracervical block, and Toradol (ketorolac
tromethamine). Patients who underwent HEA were less
likely to require postoperative analgesics (14% vs 33%,
2 =0.003), whereas more patients were admitted for pain
control after ThermaChoice treatment (13.7% vs 3.1%,
2 =0.02). Preoperative Toradol use did not influence the
rate of admission to hospital.*?

Finally, Marsh and colleagues reported on Therma-
Choice endometrial ablation (7 = 27 women) in the out-
patient setting, without local anesthesia or IV sedation.”
The first cohort of 14 women underwent ThermaChoice
without elective analgesia (i.e. awake, with no premedica-
tion, IV sedation, or local anesthetic). Uterine cramping,
both during and after ThermaChoice, was most commonly
responsible for women requiring ‘rescue’ analgesia (7 = 4
women) or requesting to terminate treatment (z = 1).
Successful 8-minute treatment was achieved in 12 women
(86%). A second cohort of 13 women underwent Ther-
maChoice ablation after taking elective ibuprofen only.
Patients were asked to take ibuprofen (600 mg) the eve-
ning before treatment, 600 mg 1 hour prior to treatment,
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and 600 mg 4 hours after treatment. In one woman, the
cervix could not be dilated. Eight-minute treatment in
the second group was successful in 12 women (92%).%

Throughout treatment, there was little difference
between the two groups with regards to VAS pain scores,
with an overall pain score of 3.6. The most uncomfort-
able part of the procedure in both groups was the inser-
tion of the ThermaChoice, with an average pain score for
all women of 4.2. The VAS pain scores for the first cohort
gradually increased during the procedure from the initia-
tion of therapy to the end of 8 minutes. Nausea was expe-
rienced by 42% and 8% (p = 0.059) and vomiting by
25% and 8% (NYS) in the first and second group, respec-
tively. Overall, ThermaChoice treatment was successful
in 24 of 27 (89%) women. Of the 92% of women who
replied to a questionnaire, 100% would recommend it to
a friend and 77% would have it again.”

The study by Marsh and associates indicates that, in
properly selected women, ThermaChoice endometrial
ablation can be safely performed in an outpatient setting
without local anesthesia or IV sedation. One could specu-
late whether the addition of misoprostol (400 g vaginal
suppository) or laminaria given the evening before treat-
ment would have facilitated cervical dilatation and suc-
cessfully treated the two women in whom the procedure
was abandoned due to inability to access the uterine cavity.
No other non-hysteroscopic endometrial ablation device
has been reported to be feasible under no analgesia at all,
or oral or local anesthetic alone. We have successfully
treated several women with menorrhagia using Therma-
Choice without any form of analgesia or anesthesia.

TECHNIQUE

The ThermaChoice balloon and required components
come in a sterilized package. After appropriate anesthesia
and pelvic examination, the cervix is grasped with a sin-
gle-toothed tenaculum and the uterine cavity is sounded.
The cervix should easily allow passage of a 5 mm dilator.
Postdilatation hysteroscopy, just prior to insertion of the
balloon, is performed by some surgeons to determine the
integrity of the cervical canal and uterine cavity.

The balloon—catheter is first tested for leaks. The sys-
tem is primed by inflation with 30 ml of 5% dextrose and
water, and it is then deflated to 180 mmHg negative pres-
sure to remove any air. If an ionic/electrolytic solution is
used inadvertently (e.g. saline, Ringer’s lactate), the con-
troller faults due to electrical shorting within the balloon.
The balloon is then inserted through the cervix until the
tip touches the fundus. The centimeter marking in the
catheter should match the predetermined uterine sound-
ing. The balloon is then inflated manually with a syringe

until the pressure remains stable at 180 mmHg. The treat-
ment cycle is activated and the catheter—balloon system is
maintained in position for the 8-minute cycle. Some sur-
geons add liquid to the balloon against the manufacturer’s
recommendation to maintain the pressure >160 mmHg
throughout the treatment cycle. Presently, the software-
controlled device alarms at balloon pressures of 200
and 100 mmHg and faults if balloon pressure exceeds
210 mmHg or falls below 70 mmHg for 2 seconds during
treatment. In addition, the procedure self-terminates if
the intra-balloon temperature >95°C for 2 seconds, or
<75°C for 15 seconds, or if a temperature of 87°C cannot
be achieved after 4 minutes of preheating.

At the completion of treatment, the balloon is deflated,
withdrawn from the cavity, and discarded. Some surgeons
perform post-treatment hysteroscopy to determine
whether the balloon treated the uterine cavity rather than
a false passage.'®!"!

CLINICAL OUTCOMES
Post-ThermaChoice hysteroscopic appearance

During the first 3 months following HEA, the endo-
metrium undergoes necrosis, with variable degrees of acute
and chronic inflammation, followed by repair and regen-
eration with foreign body and granulomatous reaction.’*%
These changes lead to various configurations of the uterine
cavity, from intrauterine synechia, shortening, and narrow-
ing, to partial or complete obliteration with or without
entrapment of viable endometrial tissue remnants.>*

The hysteroscopic appearance of the endometrial cav-
ity 6 months after ThermaChoice ablations was reported
on 22 women.”” In two women (9%) the cavity could not
be accessed due to cervical stenosis. In 10 women (45.5%)
the appearance of the uterine cavity was reported as nor-
mal, whereas in four women (18%) the cavity was reported
as fibrotic and atrophic. Six women (27.3%) had intra-
uterine adhesions. The menstrual outcome correlated
with postablation appearance.”

Randomized controlled trials
ThermaChoice vs rollerball ablation

A multicenter RCT reported on 255 women with menor-
rhagia treated by ThermaChoice or rollerball ablation."
At 12 months of follow-up (7 = 239 evaluable women),
results indicated that there was no clinically significant
difference between the two groups as reflected by return
to normal bleeding or less (balloon 80.2% vs rollerball
84.3%). Quality of life results were also similar. Satisfaction
rates were 85.6% and 86.7% in the balloon and rollerball
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groups, respectively. The corresponding amenorrhea rates
were 15.2% and 27.2%, respectively. Dysmenorrhea and
postmenstrual syndrome (PMS) symptoms decreased
significantly in both groups. The study concluded that
ThermaChoice therapy is as efficacious as rollerball
ablation and it may be safer.'” At 2 years of follow-up
(n = 255 evaluable women), patient satisfaction with both
treatments was consistently high. Only 15 hysterectomies
had been performed (six for menorrhagia), 11 in the roll-
erball group, and four in the balloon group. Additional
benefits were reduction in dysmenorrhea and PMS.% At
3 years of follow-up (7 = 214 women) the results were
consistent and remained similar in both groups. There
were 14 hysterectomies in the rollerball group and eight
in the ThermaChoice group.”

At 5 years of follow-up there were 147 women who
were interviewed. Of these, 25 reported hysterectomy,
repeat ablation or D&C between years 3 and 5, leaving
122 eligible for analysis (61 balloon, 61 rollerball): of
these, 58 (95%) having balloon ablation and 59 (95%)
having rollerball ablation reported normal or less bleed-
ing. Similarly, 93% and 100%, respectively, were satisfied
with the procedure. Among the total population of 255
women, originally randomized, 42 hysterectomies (21
balloon, 21 rollerball), five repeat ablations (three balloon,
two rollerball) and one D&C (rollerball) were reported by
year 5. Thirty-five hysterectomies (83%) were performed
because of bleeding and/or pelvic pain, one-third of them
associated with myomas. Overall success rates at 5 years
were 68% (58/85) for ThermaChoice and 69% (59/85)
for rollerball.*?

van Zon-Rabelink et al. randomized 139 women with
menorrhagia and treated 77 with ThermaChoice and 60
with rollerball ablation. All patients were pretreated with
Zoladex (goserelin), GnRH-a, 6 and 2 weeks prior to sur-
gery. The type of anesthesia was not stated. At 24 months,
significant reduction in menstrual blood loss (pictorial
blood loss assessment chart [PBAC] <185) was experienced
by 79% and 76% of the ThermaChoice- and rollerball-
treated patients, respectively. Additional surgical treatment
was required by 17% and 15% of women, respectively.
Postoperative complication rates in both groups were low,
but postoperative analgesics were prescrib