
BRITISH MEDICAL JOURNAL 25 SEPTEMBER 1976 737

Occasional Survey

Polycystic ovary syndrome
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In 1935 Stein and Leventhal described seven hirsute and
infertile women with amenorrhoea or oligomenorrhoea in whom
bilateral cystic ovarian enlargement was found at laparotomy'
and thereby gave their names to a polycystic ovarian disorder.
Since then, however, the protean manner of clinical presentation
and the variability of biochemical changes in patients with this
condition have led some people to doubt the existence of a
disease entity. Enlarged cystic ovaries may occur in the absence
of the classic clinical characteristics originally described.
Polycystic ovaries may be found in those who have conceived
and are not hirsute; they may also be seen in infertile women
who menstruate regularly, and even in some patients with
menorrhagia. On the other hand, the clinical features of oligo-
menorrhoea, hirsutism, and infertility may occur in the absence
of bilateral ovarian enlargement, and cystic change may be
found in normal sized or small ovaries.
What then are the diagnostic criteria of the syndrome ?

Polycystic ovaries may have several causes, and whether large
or small ovaries result may be determined by the duration and
severity of the particular cause.2 Thus the diagnosis need not
depend on ovarian size or specific clinical characteristics but in
the final analysis is made histologically from microscopical
examination of ovarian tissue. "Sclerocystic ovarian change"
would be a better description, but the term "polycystic" is now
firmly established by common usage.
The exact prevalence of the disorder is difficult to assess. In a

series of 160 abdominal operations where the ovaries were
examined routinely polycystic changes were found in 12 cases,
which is a prevalence of 7-50o3; a prevalence of 3-5o% was

change in patients attending an endocrine clinic is in our
found in a necropsy series.4 The prevalence of polycystic ovarian
experience, however, much higher-about 17%.5

Clinical features

The commonest presenting feature is menstrual disturbance. This
generally takes the form ofoligomenorrhoea or secondary amenorrhoea;
occasionally menorrhagia may occur, and a few patients have presented
with primary amenorrhoea.

Hirsutism is the next most common presenting symptom, but true
virilisation with clitoral enlargement and breast atrophy is rare. Indeed,
severe hirsutism without other signs of virilisation is characteristic of
the syndrome. The extent and severity of the hirsutism are variable
and may be masked by using depilatories. Upper-lip hirsutism and a

line of hairs from the pubis to the umbilicus may be the sole evidence
of altered hair growth, while other people may have a heavy growth
of hair on the limbs and also on the breasts and anterior chest.
Infertility is conventionally held to be common in women with cystic
ovaries, but the precise incidence is not known.
Many women with polycystic ovaries have abdominal pain. The

timing of pain is variable and may bear no relation to menstruation,
though it is often most severe in the second half of the cycle, especially
in the premenstruum. The site of pain also varies; it is generally more
severe in one or other iliac fossa, but loin pain has been reported.

Obesity, for years regarded as a cardinal feature of the syndrome,
is infrequent; in fact, only three of Stein and Leventhal's original
seven patients were obese.

Diagnosis

OVARIAN MORPHOLOGY AND PATHOLOGY

Assessment of ovarian size from vaginal examination is notoriously
unreliable. Gynaecography6 is helpful in defining ovarian morphology
and has the added advantages that a general anaesthetic is not required
and that vaginal examination is not an integral part of the procedure
as it is with dilatation and curettage. There is, moreover, good
agreement between the ovarian size assessed with the help of an x-ray
picture and that measured directly at laparotomy.6 The procedure
entails inducing a pneumoperitoneum with 750-1000 ml CO2 in a
patient with an empty bladder and lower bowel. The x-ray picture is
taken with the patient prone, head down, and the table tilted at an
angle of 30° (fig 1). Cystic ovarian change may be diagnosed from the
x-ray picture, but the prevalence is underestimated by these means,
for cystic change may be found at surgery in ovaries that appear
apparently smooth on x-ray film. Laparoscopy or laparotomy with
ovarian biopsy gives the fullest information, but surgery is not always
indicated in such patients.

In the classic form as first described' the ovaries are firm and globular
with a thick, shiny, pearly white capsular surface that may show bulges
from underlying cysts. Histological examination shows subcapsular
fibrosis, follicular cysts in the cortex, and numerous atretic follicles;
the theca interna may be thickened, hyperplastic, and luteinised with
increased vascularity (fig 2). Variations on the theme occur, but while
the capsule itself may not be thickened, subcapsular fibrosis and cyst
formation are invariable and characteristic of the syndrome in large,
normal sized, or small ovaries.

ENDOCRINE BIOCHEMISTRY

There is no single biochemical test to diagnose the syndrome.
Abnormal ovarian androgen production in polycystic ovaries has,
however, been suggested. Various studies such as analysis of cyst fluid,
in-vitro studies of ovarian tissue metabolism, urinary steroid excretion,
and androgen assay in peripheral and ovarian venous blood have
shown that Cl,, steroid production is often raised in patients with
polycystic ovaries, particularly in those who are hirsute.7 8

Plasma testosterone assay is probably the most helpful single test,
with levels often above the normal female range, though generally
much below the lower limit of the male range. A normal testosterone
level does not, however, exclude the diagnosis, and there is no
correlation between testosterone levels and the severity of the accom-
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FIG 1-Gynaecogram from patient with polycystic ovary
syndrome and bilateral ovarian enlargement. Note irregular
surface on both ovaries and radiological evidence of cystic
change.

FIG 2-Cross-section ( x 5 5) of ovarian tissue from wedge
resection specimen (see fig 1). Note multiple follicular cysts
beneath subcapsular band of fibrous tissue.

panying hirsutism. Decreased testosterone binding has also been
reported in hirsute patients with polycystic ovaries.9 The "free"
androgen concentration may therefore be much greater than is
generally appreciated and thus explains severe hirsutism in the
presence of a normal plasma testosterone level. In any event the
production of testosterone is probably increased in all women with
hirsutism irrespective of the presence of polycystic ovaries.10

In women with a raised plasma testosterone level a combined
dexametbasone suppression and human chorionic gonadotrophin
(HCG) stimulation test with simultaneous measurement of plasma
cortisol, testosterone, and urinary steroids has been suggested to help
determine whether the site of increased androgen production is
adrenal or ovarian.""1 The adrenal cortex is presumed to be the
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source ofthe raised androgen levels ifplasma testosterone is suppressed
by dexamethasone, whereas if it increases during the subsequent
simultaneous administration of HCG and dexamethasone the ovary
is thought to be responsible. HCG, however, may increase adrehal and-
rogen production, and, more important, dexamethasone often sup-
presses ovarian androgen production.'0 There is thus no certain way of
determining the source of androgen except by selective catheterisation
of adrenal or ovarian veins.

Urinary oxosteroid and oxogenic-steroid excretion is occasionally
though not invariably raised in women with polycystic ovaries, but
again there is no correlation between urinary steroid levels and the
degree of hirsutism. Urinary oxosteroid excretion is in any event a
poor indicator of androgen production: there is no correlation between
the contribution of the various oxosteroids to the Zimmermann colour
reaction and their androgenicity. Indeed, in men production of
testosterone, the most potent androgen, contributes as little as 3 mg
a day to urinary 17-oxosteroid excretion.

Urinary oestrogen excretion in patients with polycystic ovaries is
within the normal range for the early proliferative phase of the cycle.
Ovarian oestrogen production has, however, been variously reported
as diminished,13 normal,14 or even increased with an exaggerated
oestrogen response to injected corticotrophin" and HCG.16 Because
of the latter observations, hyperoestrogenism has been postulated in
the polycystic ovary syndrome, and the increased incidence of endo-
metrial carcinoma reported in women under 40 with polycystic
ovarian disease17 has thereby been explained.

Differential diagnosis
Polycystic ovaries together with one or more of the various clinical

manifestations of oligomenorrhoea, amenorrhoea, hirsutism, and
infertility may also occur secondary to other disorders. Polycystic
ovaries are seen in patients with basophil pituitary adenomata and in
Cushing's syndrome, whether due to bilateral adrenal hyperplasia or
to an autonomous adenoma ofthe adrenal cortex.'8 Similarly, polycystic
ovarian change has been observed in women with virilising adrenal or
ovarian tumours and also in congenital adrenal hyperplasia. Appro-
priate investigations for these disorders must therefore be performed
if clinical or other features suggest an alternative diagnosis.
The most important differential diagnosis is that of a virilising

ovarian or adrenal tumour. While the possibility of a tumour is raised
by clinical features such as de-novo appearance of hirsutism, amenor-
rhoea, and virilisation in a woman with previous regular cycles, this
of itself is not diagnostic. Plasma testosterone levels well above the
normal female range and approaching the male range with failure to
suppress after dexamethasone or to increase in response to HCG
suggest an autonomous lesion producing excess androgen.

Aetiological factors

OVARIAN

The initial observation that ovarian wedge resection could restore
regular menses and fertility in women with enlarged cystic ovaries
suggested a primary ovarian cause. Enzymatic defects such as a block
in ovarian conversion of androstenedione to oestrone"l or a deficiency
in 3,-hydroxysteroid dehydrogenase"3 were postulated after in-vitro
studies of ovarian steroid production. Androgen accumulation and
hence hirsutism could thus result from a block in the conversion of
androgens to oestrogens. Although no evidence ofa specific biochemical
abnormality was found in subsequent tissue studies,'0 the p6ssibility
of an intrinsic, as yet unidentified abnormality of the ovary itself has
not b.een excluded.

ANDROGENIC

Normally over half of the circulating testosterone in women is
derived from peripheral conversion of androstenedione, direct
secretion of the hormone from the ovary or adrenal contributing only
a relatively small proportion. In hirsute women, however, increased
circulating testosterone results essentially from increased testosterone
secretion by the ovaries or adrenals or both with no appreciable
change in the conversion of androstenedione to testosterone.2'

It has been further suggested that polycystic ovaries occur in two
groups of patients differentiated on the basis of the origin of excess
androgen production, adrenal androgen being increased in one group,
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while the excess androgens are derived from the ovary in the other.'8
With the former group (which includes also patients with Cushing's
syndrome or the adrenogenital syndrome) the ovarian disturbance is
presumed to be secondary to adrenal dysfunction, androgen production
affecting the hypothalamus or pituitary, so that normal cyclical
production of gonadotrophin is lost. In the latter group, which
probably accounts for most patients with polycystic ovarian disease,
the primary lesion is thought to be hypothalamic and increased
ovarian androgen production the result of disturbed gonadotrophin
stimulation.'" The recent observation that when large doses of
pituitary gonadotrophin are given the normal ovary produces andro-
stenedione in amounts similar to those found in hirsute women with
polycystic ovaries22 supports this view. Androgenic excess may also
exert a direct influence on ovarian function.

GENETIC

Some patients may have a genetic factor. It is not uncommon in
women with polycystic ovaries to find they have close relatives with
either oligomenorrhoea or infertility or hirsutism. Studies of families
where several members are affected have shown that the condition may
occur as a dominantly inherited disorder, probably X-linked, and that
the incidence of oligomenorrhoea and hirsutism is high when the
condition is inherited from the father.21

HYPOTHALAMIC

The basic lesion responsible for the syndrome is currently thought
to be an imbalance of gonadotrophin secretion because of hypothalamic
abnormality, though the precise nature of this has not been defined.
The normal menstrual cycle is characterised by phasic changes in
levels of follicle-stimulating hormone (FSH) and a well-defined,
mid-cycle peak in luteinising hormone (LH) (fig 3). The former is
linked with follicular maturation and the latter with ovulation. The
varying levels of pituitary gonadotrophins in the menstrual cycle
cannot, however, be adequately explained by a negative feedback
mechanism akin to that regulating thyroid hormone production or
cortisol secretion, for the primary signal that starts ovulation is
positive. As the follicle matures in the early part of the cycle the rising
blood levels of oestradiol stimulate the hypothalamus to release a large
amount of luteinising hormone-releasing hormone (LH-RH); this in
turn provokes the surge of LH that stimulates ovulation.
The LH disturbance in gonadotrophin production in the polycystic

ovary syndrome is the most severe, with raised (albeit fluctuating)
levels23 (fig 3) and an enhanced LH response to LH-RH in the
follicular phase.24 The response to LH-RH in patients with polycystic
ovaries is similar to that found in the luteal phase of the normal cycle,
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FIG 3-Mean (± SE) daily concentrations ofLH and FSH in
16 patients with polycystic ovary (PCO) syndrome and 16
women with normal menstrual cycles. (From Yen et al.23)
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though oestradiol and progesterone levels are similar to those in the
early part of the follicular phase of the normal menstrual cycle. The
altered pattern of gonadotrophin stimulation may interfere with
normal follicular maturation and thereby account at least in part for
the often associated anovulation and infertility. A similar pattern of
response to LH-RH was reported in patients with Cushing's syndrome
and polycystic ovaries secondary to congenital adrenal hyperplasia.25
Clinically, the beneficial effect of clomiphene (which stimulates
gonadotrophin release through the medium of LH-RH) also supports
the view that the basic lesion in this condition is an imbalance of
gonadotrophin secretion.

Further support for a hypothalamic influence in the genesis of
polycystic ovaries has come from studies on rats, and more recently
from investigations of "post-pill" amenorrhoea and infertility.
Polycystic ovaries can be induced in rats with regular oestrous cycles
by exposure either to continuous auditory stress26 or to continuous
light.2 These environmental exteroceptive factors are thought to
affect mammalian reproductive systems because of an influence on the
central nervous system and hypothalamic-pituitary axis, thereby
inducing the formation of sclerocystic ovaries.

Enlarged cystic ovaries were also found in rats after treatment with
the progestogen component of oral contraceptives28; fertility and
release of ova after gonadotrophin injection were impaired for several
cycles after the steroids had been discontinued. The animal findings
parallel clinical observations. Sclerocystic ovarian change, evident on
gynaecography and at laparotomy, was similarly frequent in women
with amenorrhoea or infertility after discontinuing steroid contra-
ceptives.24 Since the contraceptive effect of these steroids results
essentially from their influence on hypothalamic mechanisms con-
trolling gonadotrophin release, the sclerocystic ovarian change observed
after progestogen treatment may similarlv result from their influence
on hypothalamic mechanisms.

Treatment

SURGERY

Ovarian wedge resection has been widely used in treating the
polycystic ovary syndrome. Its effectiveness, however, has been
disputed, with reports of relief of infertility in as few as 130o to as
many as 950o of cases.18 The absence of controlled trials has thus led
some to abandon the practice, particularly now that other treatment is
available. Since resumption of regular cycles and successful concepticn
after wedge resection is not related to changes in plasma or urinary
androgens it has been suggested that the effect of the ovarian surgery
is non-specific and that any other operation might similarly influence
hypothalamic function. Nevertheless, wedge resection is undoubtedly
beneficial in selected cases. The mechanism by which ovulatory
function is improved is, however, not clear. The favoured theory is
that removal of enough ovarian tissue, with reduction of androgen
production and hence lessened androgenic influence on hypothalamic
centres, may enable normal gonadotrophin cycling to be resumed.

CLOMIPHENE CITRATE

Treatment with clomiphene citrate offers a less traumatic and more
effective alternative to ovarian wedge resection. Since clomiphene
enhances gonadotrophin release, an effect presumed to be mediated
through LH-RH, the drug is rational treatment in the polycystic
ovary syndrome. Although the results of controlled trials have not
been reported, overall results suggest that ovulation is induced in
around 80',' and pregnancy achieved in at least 40'/, of cases. A
beneficial effect on hirsutism in some women has also been suggested
but not proved. The recommended dose regimen is 50 mg daily for
seven days from day three of the menstrual cycle. When hirsutism is
the main complaint opinions are divided on whether clomiphene
should be given every month or on alternate months. If, however,
fertility is the main therapeutic aim then review is advisable if preg-
nancy has not occurred after three courses of clomiphene, so that tubal
or other factors may be excluded. Women ovulating on clomiphene
but failing to conceive may, however, respond to the drug only after
ovarian wedge resection or added HCG.

CORTICOSTEROIDS

Corticosteroids have also been reported as beneficial in treating both
the infertility and the hirsutism, but there have been no controlled
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trials and data on the frequency of ovulation and pregnancy after the
treatment are inadequate. Selection of patients for steroid treatment
requires assessment of changes in androgen levels in response to
dexamethasone-those in whom dexamethasone suppresses raised
androgen levels being suitable. Prednisone (usually 2 5-7 5 mg daily)
is given but the optimum duration of treatment has not been evaluated.
Ideally, if a patient is trying to conceive steroid treatment should be
discontinued before the woman has become pregnant, although there
is no evidence that the dose used is teratogenic.29

ORAL CONTRACEPTIVES AND OESTROGEN

To reduce hirsutism suppression of ovarian function has been
suggested and a combined oral contraceptive recommended. In view
of their androgenic potential some progestogens may aggravate
hirsutism. A more oestrogenic regimen (ethinyloestradiol 50 iLg daily
with medroxyprogesterone acetate 5 mg daily for one week in every
month) may, however, reduce hirsutism in selected cases, possibly by
increasing the level of testosterone binding.30

BROMOCRIPTINE

Bromocriptine is a dopamine receptor agonist with a prolonged
action. It inhibits the secretion of prolactin by a direct action on
dopamine receptors in the pituitary. Hyperprolactinaemia occurs in
one-third of patients with sclerocystic ovaries, and treatment with
bromocriptine suppresses the raised prolactin levels and may also
reduce raised serum testosterone concentrations. It is too early to
know whether bromocriptine will have any place in treating the
sclerocystic ovary syndrome, but the initial results are encouraging.3

Choice of treatment

The choice of treatment is determined by the clinical presentation
and the main complaint. If hirsutism is the main problem and there is
evidence of androgen suppression after dexamethasone then corti-
costeroid treatment should be tried. Clomiphene may reduce hirsutism
in those in whom dexamethasone has apparently no suppressive effect,
but it is essential that the presence of an ovarian tumour is excluded
first.

Ovarian wedge resection is now rarely undertaken for hirsutism
alone, but when the hirsutism is severe and not responding to drugs
wedge resection may be considered. Pain may also be regarded as an
indication for surgery.

If, however, fertility is the prime consideration then clomiphene
should be given early and wedge resection considered if pregnancy does
not result after three courses of the drug. Gonadotrophin stimulants
may be used in patients who have not conceived after clomiphene or
surgery. Clomiphene may be given, even though there is no desire for
conception, if amenorrhoea causes major psychological disturbance,

provided that the patient appreciates the possibility of increased
fertility after taking it.
The indication for bromocriptine treatment for patients with

sclerocystic ovaries remains to be determined.
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Is there any risk if the mist from an aerosol insecticide that is either
chlorinated or contains organophosphorus falls lightly on food ? Is there
any risk of contamination from contact with furniture and fittings which
may have been contaminated? Is there any risk if plants in greenhouses
are directly sprayed?

Generally the risk of acute poisoning from eating food which has been
sprayed with insecticide is small. Obviously this risk will depend on
the particular compound involved, the dilution in which it is used,
and the interval between spraying and ingestion. Those insecticides
that are available for the public's use are of low toxicity, and the
manufacturer's instructions embody the recommendations of the
Government-sponsored Pesticide Safety Precautions Scheme. Under
this voluntary scheme, all new products are vetted by appropriate
committees before the product is marketed, and details of toxicity,
indications for use, and mode of employment are agreed. The more
toxic compounds (endosulfan, parathion) are controlled by several
statutory instruments and are not available for general use. Some of
these compounds are highly toxic: a few millilitres of undiluted

parathion absorbed through the skin may prove fatal. Concern about
the long-term toxicity of organochlorines has led to a decline in their
use. Dicophane (DDT) is now used only in very limited circum-
stances. Body organochlorine residues are monitored regularly,'
and these show a continued downward trend. Despite this concern
there is no convincing evidence that the accumulation of these com-
pounds is hazardous. The organophosphorous insecticides do not
accumulate in the same way but repeated exposure to subtoxic doses
may lead to clinical poisoning. The Agriculture (Poisonous Sub-
stances) Regulations provide that unexplained illness among farm
workers using certain compounds must be reported to Ministry
Inspectors and consequently this type of poisoning is uncommon.
Two booklets which cover uses and limitations of approved farm
chemicals and the diagnosis and treatment of acute poisoning are
available.2 3

'Abbott, D C, Collins, G B, and Goulding, R, British Medical3Journal, 1972, 2, 533.
2 Ministry of Agriculture, Fisheries, and Food, Approved Products for Farmers and

Growers. London, HMSO, 1975.
3 Department of Health and Social Security, Poisonous Chemicals used on Farms and

Gardens. London, HMSO, 1969.
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