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Despite the probable benefits, there is substantial evidence to
show that HRT is associated with an increased risk of cancer,
particularly breast cancer (see Breast under Carcinogenicity,
above), and some cardiovascular diseases such as stroke and ve-
nous thromboembolism (see Effects on the Cardiovascular Sys-
tem, above). It is now generally recommended by authorities,
such as the UK CSM,8 that the risk to benefit ratio of HRT is
unfavourable for the prevention of osteoporosis as first-line ther-
apy, and that it should not be used in this way for women over 50
years of age. HRT does, however, remain an option when other
osteoporosis prevention therapies are unsuitable. Younger wom-
en who have experienced premature menopause may be given

HRT for menopausal symptoms and to prevent osteoporosis until
the age of 50, after which its use should be reviewed and consid-
ered a second-line choice.

Suggested minimum daily doses are 625 micrograms of oral
conjugated oestrogens, 2 mg of oral estradiol or 50 micrograms
transdermally, and 15 micrograms of oral ethinylestradiol; lower
doses may also be effective,®'® and a transdermal patch supply-
ing 14 micrograms of estradiol daily is licensed for the preven-
tion of osteoporosis in the USA. Addition of a progestogen (re-
quired to prevent endometrial hyperplasia in women with a
uterus) does not impair the beneficial effect of oestrogens on
BMD, whether given cyclically or continuously,'*” and may
provide a further reduction in risk of fractures.'® Although cur-
rent, long-term use of HRT can increase BMD and reduce frac-
ture risk, unresolved issues are the duration of therapy required
to prevent fractures in old age, and the ideal age to start therapy
to obtain the maximum benefits to the bone with the minimum
risk of breast cancer.18-2

Oestrogens may also be used in women to reduce the risk of cor-
ticosteroid-induced osteoporosis (see Effects on Bones and
Joints, p.1491).
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Urinary incontinence. Urinary incontinence (p.2180) may be
one of a number of acute symptoms associated with a decline in
oestrogen levels at the menopause (see Menopausal Disorders,
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above). Studies’2 suggest that oestrogens used with alpha-adren-
oceptor agonists are effective in the management of female stress
incontinence and this combination has been advocated for use in
postmenopausal patients with mild symptoms. Unfortunately ad-
dition of a progestogen to treatment to reduce the risk of endome-
trial carcinoma in women with an intact uterus might exacerbate
the incontinence.® The value of oestrogens used without an al-
pha-adrenoceptor agonist in urinary incontinence is less clear.
One study* reported that oestrogen therapy and pelvic floor exer-
cises for 18 months was more effective than exercises alone in
women with mild stress incontinence. However, a placebo-con-
trolled study® found no improvement after 6 months of oestrogen
therapy.

Some consider that oestrogens may be of use for symptoms of
urgency, frequency, and nocturia in postmenopausal patients
with urge incontinence, particularly if given locally;® it has been
suggested that hypoestrogenism may reduce the sensory thresh-
old of the bladder.” A meta-analysis of 23 studies concluded that
oestrogen therapy subjectively improved urinary incontinence in
postmenopausal women but many of the studies examined were
considered to be deficient in some respect.® Later well-designed
studies®? of women with stress, urge, or mixed incontinence
found that HRT did not improve, or even worsened, measures of
incontinence, although there was the possibility that concomitant
progestogen therapy might have affected efficacy. Furthermore,
the placebo-controlled Women’s Health Initiative'* found that
both oestrogen alone and combination HRT increased the overall
risk of developing stress, urge, or mixed incontinence, and wors-
ened incontinence in women who were symptomatic before
starting HRT. Another placebo-controlled study!? also found that
combination HRT increased the risk of developing stress or urge
incontinence, and the large Nurses’ Health Study cohort
reported®® that the current use of HRT increased the risk of devel-
oping urinary incontinence.
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Gonad-regulating Hormones

The Hypothalamic-Pituitary-Gonadal Axis
The regulation of sexual function involves the so-
called hypothalamic-pituitary-gonadal axis.

The pituitary gland or hypophysis is composed in hu-
mans of 2 parts, the anterior lobe or adenohypophysis,
and the posterior lobe (neurohypophysis) and neural
stalk, above which lies the hypothalamus. Both parts of
the pituitary secrete hormones: posterior pituitary hor-
mones are synthesised in the hypothalamus and trans-
ported down nerve fibres to the pituitary where they are
stored until required, whereas anterior pituitary hor-
mones are synthesised in situ by specialised cells, but
are subject to complex hormonal control by hypotha-
lamic regulatory hormones and target organ hormones,
as well as excitatory and inhibitory impulses from the
brain. These interacting systems are collectively
known as the hypothalamic-pituitary-endocrine axes.

The anterior pituitary hormones follicle-stimulating
hormone (FSH) and luteinising hormone (LH) are col-
lectively known as gonadotrophic hormones or go-
nadotrophins. They are glycoproteins secreted by spe-
cialised pituitary cells (gonadotropes) that stimulate
gonadal function and sex hormone production. In men,
LH stimulates the synthesis of testosterone and other
androgens, while in women, FSH and LH regulate pro-
duction of oestradiol and synthesis of progesterone ina
complex and interacting manner. A third substance
with gonadotrophic (primarily luteinising) actions,
chorionic gonadotrophin, is secreted by the placenta.

The synthesis and secretion of pituitary gonadotrophic
hormones is in turn stimulated by a hypothalamic re-
leasing hormone, gonadotrophin-releasing hormone
(GnRH). In post-pubertal subjects, GnRH is secreted
from the hypothalamus at regular intervals determined
by an internal ‘clock’ or neuronal pulse generator in the
arcuate nucleus, and enters the blood of the portal vas-
cular system that links the hypothalamus to the anterior
pituitary. This results in pulsatile release of the gonado-
trophic hormones, which is essential for normal gonad-
al function. More prolonged and continuous exposure
to GnRH leads to desensitisation and downregulation
of its receptors on pituitary gonadotropes, and hence,
after an initial surge, to suppression of gonadotrophic
hormone secretion.

The sex hormones themselves produce negative feed-
back effects at both hypothalamic and pituitary levels.
In general, both oestrogen and progesterone reduce the
amplitude (i.e. the amount) of gonadotrophic hormone
released; progesterone also reduces the frequency of
the pulses. Testosterone is thought to act by conversion
to oestrogen via aromatase, although it also has some
direct action. The gonads also produce a hormone, in-
hibin, that selectively inhibits FSH secretion from the
pituitary without affecting LH, and its biological oppo-
site, activin, which stimulates pituitary FSH secretion.

Types of Gonad-regulating Hormone
Gonad-regulating hormones in clinical use may be di-
vided into 3 major groups.

» Endogenous follicle-stimulating and luteinising hor-
mones are available from urinary sources as human
menopausal gonadotrophins or menotrophin
(p-2109) and as urofollitropin (p.2136), and in re-
combinant forms such as follitropins alfa and beta
(p.2104) and lutropin alfa (p.2112). Chorionic gona-
dotrophin and its recombinant form choriogonado-
tropin alfa (p.2085) are also used.

The hypothalamic releasing hormone gonadorelin
(p.2106), and its longer-acting analogues such as
buserelin (p.2083), deslorelin (p.2093), goserelin
(p-2108), histrelin (p.2109), leuprorelin (p.2111), na-
farelin (p.2117), and triptorelin (p.2135) are widely
used to stimulate or inhibit the hypothalamic-pitui-
tary-gonadal axis.

More recently, direct gonadotrophin-releasing hor-
mone antagonists have become available, such as
abarelix (p.2081), cetrorelix (p.2084), and ganirelix
(p.2105).

Use of Gonad-regulating Hormones

The gonad-regulating hormones play an important role
in the management of a number of endocrine disorders,
as discussed in the reviews below and elsewhere in this
chapter. They also play an important role in the man-
agement of endocrine-sensitive malignant neoplasms
(see p.643).

Amenorrhoea

Amenorrhoea is the absence of menstruation: a break in menstru-
ation of 6 months or more is considered pathological in an adult
woman who is not pregnant, lactating, or menopausal. Amenor-
rhoea occurring from the time of puberty is known as primary,
while amenorrhoea developing later in life is referred to as sec-
ondary. Pathological amenorrhoea is usually associated with in-
fertility (see also below). Hirsutism (p.2089) may also be
present.



The causes of amenorrhoea (or oligomenorrhoea—infrequent
and erratic periods) are most often ovarian or hypothalamic/pitu-
itary in origin. Ovarian causes include failure of normal gonadal
development, as in Turner’s syndrome (below); premature ovar-
ian failure including that due to trauma, drugs, radiotherapy, or
autoimmunity; and conditions such as the polycystic ovary syn-
drome (below). Hypothalamic or pituitary causes include re-
duced production of gonadotrophins due to inadequate nutrition,
excessive exercise, or pituitary trauma (see also Hypogonadism,
below); or excess prolactin production (see Hyperprolactinae-
mia, below). Other causes, including adrenal disorders, thyroid
disorders, abnormalities of the vagina or uterus, or testicular fem-
inisation, may be found rarely.

The management of amenorrhoea essentially involves the iden-
tification of any underlying disorder and its correction, if possi-
ble. When the cause cannot be corrected, oestrogen replacement
therapy, usually in the form of an oral contraceptive, is appropri-
ate to minimise the consequences of long-term oestrogen defi-
ciency.
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Cryptorchidism

The testes are formed within the abdomen and subsequently de-
scend the inguinal canal to the scrotum. Failure of the testes to
descend (cryptorchidism) occurs in about 3 to 6% of newborn
males but in many the testes descend during the first year of life
decreasing the prevalence to about 1%. In children with cryp-
torchidism, pathological testicular damage has been noted by the
age of 1 year, and may result in subsequent infertility; cryp-
torchidism also significantly increases the risk of testicular can-
cer. Abnormalities of the testes and anatomical abnormalities
such as inguinal hernia may contribute to maldescent, and both
primary testicular disease and gonadotrophin deficiency may be
associated with cryptorchidism. For discussions of Hypogonad-
ism and Infertility, see below. Cryptorchidism should be distin-
guished from retractile testes in which the testes develop normal-
ly and for which treatment is usually not required.

Although cryptorchidism is common, there is no consensus on
the best treatment: surgery is commonly used in the USA where-
as primary hormonal treatment is more popular in Europe.1?

Surgery is successful in almost all cases, and is usually undertak-
en at around 1 year of age.*? Primary hormonal therapy general-
ly uses chorionic gonadotrophin or a gonadorelin analogue to
stimulate androgen production. Success rates vary but reports are
difficult to compare because of differences in patient age and
treatment regimens, and the possible inclusion of retractile testes.
Systematic reviews®* suggest that gonadorelin and chorionic go-
nadotrophin are more effective than placebo with a success rate
of about 20% overall, although this may be considerably lower if
care is taken to exclude retractile testes. The lower the position of
the undescended testis, the more likely benefit from hormonal
therapy appears to be.3®° Treatment may also be less successful as
boys grow older, and treatment before 12 to 18 months® or 2
years of age* has been recommended. Some reports suggest that
results may be improved by combined therapy with gonadorelin
and chorionic gonadotrophin,” but others have found no advan-
tage over single drug therapy.®® Surgery is used second-line
when hormonal treatment is unsuccessful. There is some sugges-
tion that medical treatment given either before or after surgery
can improve the patient’s fertility index, a predictor of future fer-
tility.5 Chorionic gonadotrophin may also be useful as an adju-
vant before surgery, in order to cause a non-palpable testis to be-
come palpable;1® however, changes suggestive of inflammation
in the testis have been reported after such treatment.

Even after successful treatment, however, there may still be im-
paired fertility. Similarly, the risk of testicular cancer is not nec-
essarily reduced, but orchidopexy does enable early detection
and all patients should be monitored.*?
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Delayed puberty

The onset of puberty is associated with an increase in the secre-
tion of luteinising hormone. There is a subsequent increase in
concentrations of sex hormones, the development of secondary
sexual characteristics, and an associated growth spurt. Delayed
puberty is diagnosed when there is no breast development by
13.4 years of age in girls, and no testicular enlargement by 14 in
boys. In addition to the various causes of hypogonadism (see be-
low), some of which may be difficult to diagnose, severe system-
ic illness such as asthma or diabetes, or hypothyroidism, may
cause delay in sexual maturation. Where no apparent cause can
be found a family history of delayed maturation may suggest
constitutional delayed puberty, in which normal pubertal devel-
opment can eventually be expected.

Where pubertal delay is secondary to some other condition ap-
propriate management of the precipitating cause is required. In
constitutional delayed puberty small doses of oestrogens in girls,
or androgens (such as oxandrolone or a testosterone ester) in
boys, may be given to promote growth and sexual development
if psychological problems are apparent. Care is required as over-
ly aggressive therapy with sex hormones may lead to premature
closure of the epiphyses and compromise final adult height.
Treatment should be interrupted periodically to see if spontane-
ous pubertal development has begun. The use of chorionic gona-
dotrophin or a gonadorelin analogue has no advantage in such
patients, although they have a role in hypogonadotrophic hypog-
onadism, which may be difficult to distinguish from constitution-
al delay.
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Endometriosis

Gonadorelin analogues are used in the management of endome-
triosis (see p.2091) but the need for long-term therapy to prevent
recurrence limits their value because of the risk of osteoporosis;
‘add-back’ therapy, with concomitant hormone replacement, can
be used to prevent this.

Hyperprolactinaemia

Hyperprolactinaemia is a condition of elevated circulating prol-
actin concentrations. It occurs for physiological reasons in preg-
nancy or after mechanical stimulation of the nipple, as in suck-
ling. However, hyperprolactinaemia may also be an adverse
effect of drugs that inhibit dopaminergic function, such as antip-
sychotics and metoclopramide; other drugs causing hyperprolac-
tinaemia include opioid analgesics, methyldopa, reserpine, oes-
trogens, SSRIs, and verapamil. Furthermore, pathological
hyperprolactinaemia may be associated with prolactin-secreting
pituitary adenomas (prolactinomas), damage to the pituitary
stalk or hypothalamus (including that caused by non-secreting
tumours), or trauma to the chest wall; it may also be associated
with disorders such as Cushing’s syndrome or hypothyroidism.
Prolactinomas are amongst the commonest pathological causes,
and so-called idiopathic hyperprolactinaemia, in which no appar-
ent cause is found, may in fact represent undetected microadeno-
ma.

The consequences of hyperprolactinaemia include suppression
of ovarian function in women, leading to erratic cycles or amen-
orrhoea, and infertility (see also above and below respectively);
in men, in whom the condition is less common, reduced gonado-
trophin production leads to testosterone deficiency, diminished
libido, and impotence. Both sexes may develop unwanted milk
flow (galactorrhoea), although this also requires the presence of
oestrogens; men may rarely develop gynaecomastia (p.2092)
due to the change in oestrogen/androgen balance.

Management of hyperprolactinaemia depends on its cause. Path-
ological hyperprolactinaemia must be distinguished from physi-
ological, and where it is secondary to another disease this should
be managed appropriately; any drug thought likely to be causa-
tive should be withdrawn if possible. Some patients are asymp-
tomatic, or are untroubled by their symptoms; whether such pa-
tients should be treated has been a matter of some controversy,
although the risk of osteoporosis in women with prolonged sup-
pression of ovarian function has been cited as a reason for such
treatment.!

In many cases hyperprolactinaemia will be secondary to a prol-
actinoma. These are generally classified as microadenomas (less
than 10 mm in size) or macroadenomas (over 10 mm in size);
macroadenomas are often associated with prolactin concentra-
tions more than 10 times the normal upper limit and their rapid
expansion may result in visual defects and headache. Initially a
course of treatment with a dopamine agonist such as bromocrip-
tine, while rarely curative, is extremely effective in controlling
hyperprolactinaemia and restoring gonadal function.>® Surgical
removal is now rarely indicated, although transsphenoidal de-
compression may be necessary for macroadenomas despite bro-
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mocriptine therapy, and ultimately radiotherapy may also be re-
quired.

The most extensively used dopamine agonist is bromocriptine; it
decreases prolactin secretion and reduces tumour size in the ma-
jority of patients.? There are reports of maintained normoprolac-
tinaemia and reduced tumour size when bromocriptine has been
withdrawn after about 2 to 4 years of treatment.* However, this
occurs in only a minority of patients, and macroadenomas in par-
ticular can re-expand, sometimes rapidly, when treatment is
stopped.? It has been suggested® that when the prolactin concen-
tration has been normal for 2 years and the tumour has decreased
by at least 50%, the dose of bromocriptine can be gradually re-
duced, with close follow-up to detect tumour enlargement. The
short half-life and the adverse effects of bromocriptine may pose
problems, although depot formulations can minimise these. Giv-
ing oral prednisolone with intramuscular depot bromocriptine
has been reported to reduce the incidence of adverse effects.

Treatment of hyperprolactinaemia restores ovulation in the ma-
jority of female patients. In those who become pregnant it is gen-
erally advised that fetal exposure to the dopamine agonist should
be as short as possible, and therefore stopped when pregnancy is
confirmed. Bromocriptine is the drug of choice for patients who
are planning pregnancy, because most experience exists with its
use compared with other dopamine agonists. The hyperoestro-
genic state of pregnancy itself can stimulate prolactinoma
growth and patients must be carefully monitored throughout ges-
tation. If symptomatic tumour growth occurs, bromocriptine
may be restarted, which is probably less harmful to the mother
and fetus than surgery. Surgical debulking before pregnancy has
been advocated by some, but may not prevent symptomatic tu-
mour enlargement during pregnancy.>6

Alternative dopaminergic treatments include cabergoline and
quinagolide.2” Cabergoline appears to be more effective, and
better tolerated, than bromocriptine, and can also be effective in
patients who do not respond to bromocriptine. It is considered by
some to be a first-line alternative, although bromocriptine is fa-
voured in women who wish to become pregnant. Quinagolide
appears to be of similar efficacy to bromocriptine, and may be
useful in patients intolerant of or unresponsive to other drugs.

Pergolide has also been tried, with similar efficacy to bromocrip-

tine, but it is not licensed for such use.
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Hypogonadism

Hypogonadism (decreased or absent gonadal function) may oc-
cur in both men and women, and may be either primary, due to
some dysfunction of the gonads themselves, or secondary, due to
hypopituitarism or some other cause of decreased gonadotrophic
stimulation.

Primary ovarian dysfunction may be due to failure of the ovaries
to form normally, as in Turner’s syndrome (see below), or their
degeneration before puberty; there may be premature failure, ef-
fectively an early menopause, due to low initial follicle numbers
or to destruction of follicles by autoantibodies, chemotherapy, ra-
diotherapy, infection, or trauma. Primary testicular dysfunction
may be due to congenital disorders such as Klinefelter’s syn-
drome (associated with an XXY chromosome constitution); the
effects of chemotherapy, radiotherapy, infections (particularly
mumps), or trauma; and a few other conditions such as testicular
degeneration.

Secondary hypogonadism may be due to general hypopituitar-
ism, or to a specific deficiency of gonadotrophin production, or
gonadorelin production. Kallmann’s syndrome is a congenital
disorder of hypogonadotrophic hypogonadism due to gonadore-
lin deficiency associated with anosmia or hyposmia. The causes
of pituitary or hypothalamic failure include neoplasms, radio-
therapy to the head and neck, trauma, or infiltrative granuloma-
tous diseases such as tuberculosis. Gonadotrophin production
may also be suppressed by various drugs (notably exogenous sex
steroids and continuous, rather than pulsatile, use of gonadorelin
analogues), by weight loss or inadequate nutrition, by excessive
exercise, by severe systemic illness, and by hyperprolactinaemia
(see above).

The fundamental treatment for primary hypogonadism is re-
placement therapy with sex hormones to produce appropriate
sexual development and activity and counteract effects such as
osteoporosis, but fertility cannot usually be restored. In prepu-
bertal children, the induction of secondary sexual characteristics
must be balanced against a possible reduction in final height due
to premature closure of the bone epiphyses. Women are general-
ly given an oestrogen with a progestogen, and men are treated
with androgens, often in the form of a long-acting testosterone
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ester such as the cipionate or enantate given intramuscularly.
Transdermal testosterone is also effective.

The cause of secondary hypogonadism should be determined
and managed appropriately if possible. In some cases this may be
adequate to restore gonadal function but in other cases sex hor-
mone replacement therapy as in primary hypogonadism will be
required. Where there is no fundamental defect in gonadal func-
tion the possibility of using a gonadotrophic hormone or stimu-
lating the release of gonadotrophins also exists. In general, how-
ever, such therapy is often reserved for attempts to restore
fertility (see under Infertility, below), since it is inconvenient and
expensive.

Further references.

. Silveira LFG, et al. Hypogonadotropic hypogonadism. Semin
Reprod Med 2002; 20: 327-38.

. AACE Hypogonadism Task Force. American Association of
Clinical Endocrinologists medical guidelines for clinical prac-
tice for the evaluation and treatment of hypogonadism in adult
male patients—2002 update. Endocr Pract 2002; 8: 439-56.
Also available at: http://www.aace.com/pub/pdf/guidelines/
hypogonadism.pdf (accessed 05/07/06)
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Infertility

Although about one couple in 6 may experience sufficient diffi-
culty in conceiving children to seek medical help, most are sub-
fertile rather than infertile, and may eventually conceive, with or
without treatment. A number of possible treatments are availa-
ble, but which is used depends upon the cause of the problem.
Reduced fertility can have its origins in the male or the female
partner or may be due to a combination of factors from both.

The most obvious cause of infertility is a failure of either ovula-
tion in the female or spermatogenesis in the male. Such failures
may be due to damage or abnormal formation of the gonads, a
failure of hypothalamic/pituitary stimulation, abnormal feedback
as in the polycystic ovary syndrome, or suppression of gonadal
function as in hyperprolactinaemia. These conditions and their
management are briefly discussed under Hypogonadism
(above), Polycystic Ovary Syndrome (PCOS; below), and Hy-
perprolactinaemia (above).

Female factors. The primary problem in about 20% of infertile
women is ovulatory dysfunction, and most of these women will
have PCOS. Clomifene is often used first-line to stimulate ovula-
tion in women with hypothalamic dysfunction, as in PCOS,**
and has been reported to produce ovulation in about 70% of ano-
vulatory women. Women with PCOS who do not respond to clo-
mifene may be treated with ovarian drilling (laparoscopic dia-
thermy).2# Those who do ovulate with clomifene but have not
become pregnant within 6 months may be offered intra-uterine
insemination in addition to clomifene.* In overweight women
with PCOS, metformin may be added when clomifene alone has
not been effective.’* The addition of a mid-cycle injection of
chorionic gonadotrophin has also been tried for women who fail
to ovulate with clomifene, and to define the optimal time for
intra-uterine insemination,? but such a regimen has not been
proven to be better. Some women with clomifene-resistant ano-
vulation may benefit from the sequential use of clomifene and a
gonadotrophin that has follicle-stimulating activity.? In women
with elevated dehydroepiandrosterone concentrations, the addi-
tion of a corticosteroid to clomifene may improve the ovulation
rate.? Because of concerns about a possibly increased risk of
ovarian cancer, opinion varies as to the maximum number of cy-
cles for which clomifene should be used, but is usually either 6
or 12 cycles (see Carcinogenicity, p.2086). Tamoxifen is an alter-
native in those who cannot tolerate clomifene.* Aromatase in-
hibitors such as letrozole have also been tried, and seem to be at
least as effective as clomifene in inducing ovulation,® although
concerns about the potential for maternal or fetal toxicity remain
to be assuaged.

Gonadotrophins with follicle-stimulating activity can be given
directly to women with PCOS who have not ovulated with clo-
mifene or tamoxifen; human menopausal gonadotrophin, urofol-
litropin, and recombinant follicle-stimulating hormone are con-
sidered to be equally effective.* Women with hypothalamic
anovulation or hypogonadotrophic hypogonadism generally re-
quire gonadotrophins that also have luteinising hormone activity,
because of low endogenous levels.*® There is growing interest in
the use of recombinant luteinising hormone in these patients.®
Various regimens have been used but in general, follicle-stimu-
lating hormone is given until a dominant follicle is suitably ma-
ture, and then chorionic gonadotrophin is given to trigger ovula-
tion and provide luteal support.® The risks of ovarian
hyperstimulation syndrome and multiple pregnancies are consid-
erable however, particularly in PCOS, and close monitoring is
mandatory using ovarian ultrasound to assess follicle develop-
ment.34

Another method used for anovulation is pulsatile gonadorelin®
(gonadotrophin-releasing hormone) or its analogues. It is prima-
rily indicated in women with hypothalamic causes of anovula-
tion; it is less effective in women with PCOS than in hypogona-
dotrophic patients.

Where anovulation is secondary to hyperprolactinaemia treat-
ment with dopamine agonists such as bromocriptine can restore
fertility (see Hyperprolactinaemia, above).

Where infertility is due to obstruction of the fallopian tubes or
intra-uterine adhesions, surgery may be effective for some wom-
en.* Where infection is the cause, appropriate anti-infective
agents may be useful. (See also under Pelvic Inflammatory Dis-
ease, p.184.)

Endometriosis (p.2091) is another important cause of infertility
in women, although the reason for the association is not fully un-
derstood. Medical treatment of endometriosis does not enhance
fertility, although conservative surgery may do so.*

In the absence of the above disorders and when infertility is oth-
erwise unexplained the UK guidelines* indicate that treatment
with clomifene should be offered.

Various other drugs have been used, on a more or less empirical
basis. Growth hormone or one of its analogues has been used as
an adjunct to ovarian stimulation with gonadotrophins but is not
considered to improve pregnancy rates.*

Assisted reproduction may be considered when other methods
fail. IVF is the most commonly used technique, in which oocytes
are retrieved from the ovaries, fertilised in vitro, and resulting
embryos are selected for transfer to the uterus. Less common
techniques include transfer into a fallopian tube of gametes (an
unfertilised egg and sperm) or a zygote (fertilised egg). Unlike
ovulation induction described above, assisted reproduction tech-
niques intentionally use ovarian hyperstimulation regimens to
produce multiple oocytes for retrieval; women are therefore at
risk of the ovarian hyperstimulation syndrome and should be
monitored appropriately. Women with risk factors for ovarian
hyperstimulation syndrome, such as those with PCOS, should
not be given chorionic gonadotrophin for oocyte maturation or
luteal support.* The most commonly used regimens are the ‘long
protocols’ in which a gonadorelin agonist is started in the mid-
luteal phase of the menstrual cycle to desensitise the pituitary and
prevent a premature surge of luteinising hormone. When pitui-
tary and ovulation suppression has been achieved, gonado-
trophins (human menopausal gonadotrophins or follicle-stimu-
lating hormone) are given to stimulate follicle production. At the
appropriate stage of follicular development, a single dose of cho-
rionic gonadotrophin is given to trigger ovulation. These ‘long
protocols’ appear to give better results than short (‘flare-up”) or
ultrashort regimens, in which gonadorelin agonists are given for
less time, although short regimens may be useful in poor re-
sponders.® Meta-analysis indicates that recombinant follicle-
stimulating hormone, urofollitropin, and human menopausal go-
nadotrophins are equally effective.* Gonadorelin antagonists,
such as cetrorelix and ganirelix, have been used as an alternative
to gonadorelin agonists. Pituitary desensitisation occurs more
rapidly and shorter treatment regimens are used, but they may be
associated with reduced pregnancy rates.*¢” Progesterone is the
preferred drug for luteal support for I\VVF procedures because of
the increased likelihood of ovarian hyperstimulation syndrome
with chorionic gonadotrophin.*

Male factors. Impaired male fertility may result from urogenital
abnormalities, infections of the genital tract, increased scrotal
temperature associated with varicocele, endocrine disturbances,
genetic abnormalities, and immunological factors, but around
70% of cases may be idiopathic, where no causal factor is found.®
Some forms of obstructive azoospermia can be corrected surgi-
cally. Varicocele repair with surgery or percutaneous embolisa-
tion may be considered in some men but the effects on fertility
outcome are unclear.®1°

In men with hypogonadotrophic hypogonadism, replacement
therapy with a gonadotrophin that has luteinising hormone activ-
ity, such as chorionic gonadotrophin, is given to stimulate testo-
sterone production. Menopausal gonadotrophins, or the more
specific follicle-stimulating hormone, are then added to stimu-
late spermatogenesis.®® Spermatozoa may appear in the ejacu-
late after about 6 to 9 months of treatment, but may take consid-
erably longer in some men.® Pulsatile gonadorelin may restore
gonadotrophin secretion and correct infertility in men with hy-
pogonadotrophic hypogonadism of hypothalamic origin, such as
those with Kallmann’s syndrome;8? therapy for 1 to 2 years may
be necessary to achieve adequate sperm production in some pa-
tients w?o have not previously received gonadotrophins or gona-
dorelin.

In idiopathic oligospermia, results of drug therapy have been dis-
appointing. Studies of gonadorelin have produced contradictory
results and gonadotrophins have not been effective.? The anti-
oestrogens, clomifene and tamoxifen, have been used in sub-fer-
tile men,? but there is limited convincing evidence of benefit.*8
Corticosteroids have been used in men with autoantibodies to
spermatozoa, but efficacy is unproven and corticosteroids are
generally not recommended** although they might be consid-
ered in men with autoantibodies who have failed assisted repro-
duction techniques.® However, corticosteroids may have a bene-
ficial effect on infertility associated with auto-immune orchitis.?
Various other drugs have been used on an empirical basis for id-
iopathic male infertility but evidence for their efficacy is either
limited or lacking.8°

When other methods fail, assisted reproduction may be consid-
ered. Techniques for male infertility include intra-uterine insem-
ination and intracytoplasmic sperm injection.*810
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Polycystic ovary syndrome

The polycystic ovary syndrome comprises enlargement of the
ovaries with multiple follicular cysts and a thickened, whitish,
capsule; there is persistent elevation of serum luteinising hor-
mone concentrations, with a tendency to increased androgen
concentrations. \Women typically present with erratic menstrua-
tion, hirsutism, and obesity, although not all these features may
be present; fertility is often impaired. Associated metabolic
changes include hyperinsulinaemia with insulin resistance, and
increased risk of developing hyperlipidaemia, hypertension, and
ischaemic heart disease. The risk of endometrial cancer is also
increased.

Management is essentially symptomatic. Patients should be en-
couraged to modify their lifestyle, to correct lipid abnormalities,
and to lose weight if obese;*? weight loss alone may be sufficient
to improve menstrual regularity, hirsutism, and fertility. Symp-
toms of hyperandrogenism can be treated with an anti-androgen,
such as cyproterone acetate or spironolactone, with an oestrogen
or a combined contraceptive pill.® Flutamide and finasteride
have also been used in these patients (see also the discussion of
the management of hirsutism, p.2089).5 In women who do not
desire pregnancy, an oral contraceptive is also the recommended
treatment for amenorrhoea or oligomenorrhoea.2>” Alternative-
ly a progestogen that lacks androgenic properties may be given
cyclically, in order to induce withdrawal bleeding (anovular
women who do not receive hormonal treatment may be at in-
creased risk of endometrial cancer).>67 Metformin may also im-
prove metabolic abnormalities and menstrual regularity (see also
below), and endocrinologists in the USA have suggested that it
may be considered particularly for women who are overweight
or obese.* However, other practitioners have argued that weight
reduction is more effective and should be the initial management
for obese women with polycystic ovary syndrome.?

In patients who wish to conceive, clomifene citrate is used to in-
duce ovulation. In patients who do not respond, gonadotrophins
or laparoscopic ovarian diathermy may be tried. The effects of
metformin on ovulation induction are also under investigation
(see below).2%67 Patients must be monitored carefully during
any therapy to induce ovulation, as women with polycystic ova-
ries are more prone to multiple follicle development and ovarian
hyperstimulation. For further details on ovulation induction and
assisted reproduction, see Infertility, above.

Insulin resistance is a feature of polycystic ovary syndrome, par-
ticularly in obese women. Small non-randomised studies of met-
formin have reported improvements in insulin metabolism, a re-
duction in circulating androgen concentrations, small reductions
in body-mass index or waist/hip ratio, and improvements in
menstrual cycles.® Previous controlled studies have found that
metformin alone improved ovulation rates and menstrual cycles,
and that rates could be improved further when given with clo-
mifene citrate.#® However, more recently, 2 large, placebo-con-
trolled studies have found that metformin, either alone or with
clomifene, did not improve the rate of ovulation, pregnancy, or
live births in women with polycystic ovary syndrome.? Met-
formin may also improve responses to ovulation induction using
follicle-stimulating hormone.® Long-term effects of metformin
in polycystic ovary syndrome have not been studied, however,
and any reduction in cardiovascular risks is yet to be estab-
lished.™® There has also been some interest in the use of thiazoli-
dinediones, such as rosiglitazone, but these drugs can increase
body-mass, which is undesirable in women who are already
overweight.>® Their use is considered investigational.*

Bromocriptine* may be useful in women with polycystic ovary
syndrome and associated hyperprolactinaemia (see above).
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Precocious puberty

Precocious puberty is commonly understood to mean the devel-
opment of secondary sexual characteristics before the age of 8
years in girls or 9 years in boys; it is four to five times more com-
mon in girls. However, the age limit used to define precocious
puberty in girls has been questioned.! Recent data from the Unit-
ed States suggests that puberty is occurring earlier in girls, at age
7 years for white girls, and 6 years for African-American girls.
Precocious puberty is either central, due to premature activation
of the hypothalamic-pituitary-gonadal axis, or peripheral, due to
secretion of extrapituitary gonadotrophins or gonadal steroids in-
dependent of gonadorelin secretion from the hypothalamus or pi-
tuitary gonadotrophins. In many cases the cause is not apparent,
and they are classified as idiopathic. A small proportion of cases
are due to tumours. Central precocious puberty may be caused by
CNS lesions secondary to diseases such as encephalitis, menin-
gitis, or granuloma, or due to head trauma. Peripheral precocious
puberty can be associated with congenital or familial syndromes
such as McCune-Albright syndrome or familial testotoxicosis
(familial male precocious puberty). Congenital adrenal hyper-
plasia (see p.1502) can also produce premature sexual develop-
ment in boys and virilisation in girls.

Apart from early sexual maturation and the associated emotional
distress, the chief clinical consequence of precocious puberty is
short stature as an adult, due to premature closure of the epiphy-
ses under the influence of sex steroids.>® Age, emotional impact
and final height potential should be considered in deciding when
to begin and end treatment.?

Gonadorelin analogues are the treatment of choice in central pre-
cocious puberty.2® The use of continuous rather than pulsatile
gonadorelin can paradoxically suppress gonadotrophin secretion
by desensitisation and down regulation of pituitary receptors.
Cyproterone acetate has been given at the beginning of treatment
to prevent the initial stimulatory effect of the gonadorelin ana-
logue.? Although originally given daily, by subcutaneous injec-
tion or nasal insufflation, intramuscular and subcutaneous depot
preparations of gonadorelin analogues are more convenient, and
are now more widely used.?3 Treatment suppresses sexual devel-
opment and skeletal maturation, and most studies have reported
an improvement in final height.3* However, the treatment of
girls with borderline early puberty (between 6 and 8 years of age)
has been questioned, as studies suggest that most will reach adult
height within the normal range without treatment.! Such girls
with idiopathic slowly progressing puberty, and no evidence of
advanced bone age, may not require gonadorelin therapy, but
should be monitored for an onset of rapid pubertal develop-
ment.*S Children with concomitant growth hormone deficiency
(for example after cranial irradiation) may need additional thera-
py with somatropin or its analogues for maximum benefit.% So-
matropin has also been used in children who do not have growth
hormone deficiency but who have a poor response to gonadore-
lin analogue therapy; evidence for a beneficial effect is limited.”

In the peripheral forms of precocious puberty the gonadorelin an-
alogues are ineffective. Any underlying condition such as a go-
nadal or adrenal neoplasm should be sought and treated appro-
priately. Otherwise, therapy is aimed at suppressing premature
sexual maturation, and drugs such as cyproterone and medroxy-
progesterone have been used.® In girls with precocious puberty
associated with the McCune-Albright syndrome, the aromatase
inhibitor testolactone has been used with some success to block
oestrogen biosynthesis,®1° ketoconazole has been used in 2 cas-
es,'t and tamoxifen has been reported to be beneficial.!2 Al-
though ineffective when given alone, testolactone was reported
to be of benefit when used with the anti-androgen, spironolac-
tone, in boys with testotoxicosis;* a reduction in the rate of bone
maturation was reported. Response diminished with long-term
treatment, but could be restored by the addition of a gonadorelin
analogue, deslorelin, to therapy.* This regimen has also been
reported'® to improve predicted adult height. Ketoconazole,
which has anti-androgenic properties, has also been tried in boys
with familial male precocious puberty; it had beneficial effects
on testosterone concentrations and adult height reported in a se-
ries of 5 patients.'®
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Premenstrual syndrome

Gonadorelin analogues have been used to treat patients with se-

vere symptoms attributable to the premenstrual syndrome

(p.2099), with ‘add-back’ therapy with oestrogen plus pro-

gestogen to prevent the symptoms of oestrogen deficiency.

Turner’s syndrome

Turner’s syndrome is a congenital disorder associated with the
absence of an X or Y chromosome, resulting in an individual
with only a single X chromosome who is female in phenotype
but in whom the ovaries do not develop. In addition to this go-
nadal dysgenesis, which results in infertility and primary amen-
orrhoea, various physical abnormalities may be present includ-
ing short stature, a short webbed neck and characteristic facial
appearance, shield-like chest, multiple naevi, and certain renal
and cardiovascular abnormalities. Hypothyroidism and glucose
intolerance may occur.

As with other forms of ovarian failure, HRT with oestrogen and
intermittent progestogen is indicated in women with Turner’s
syndrome, in order to produce sexual maturation and the devel-
opment of secondary sexual characteristics as well as to avoid
complications such as osteoporosis. Clinical opinion has gener-
ally been that therapy should begin with low doses of oestrogen
in girls of prepubertal age, gradually increasing the dose to pro-
mote slow development of secondary sexual characteristics and
eventual breakthrough bleeding, at which point a cyclic pro-
gestogen should be added to oestrogen maintenance to minimise
the risk of endometrial hyperplasia and cancer. In general, thera-
py is started around 14 to 15 years of age, but may be started as
early as 12 years of age in girls who have reached a satisfactory
height, especially those who have been treated with growth hor-
mone.1® There is no consensus on which oestrogen is preferred
for these patients; conjugated oestrogens, ethinylestradiol, and
estradiol have all been used. An oral contraceptive may be used
for maintenance therapy.®

A minority of patients with Turner’s syndrome have some resid-
ual ovarian function, and there are a few reports of pregnancy in
such patients. In women without ovaries it may be possible to
maintain pregnancy by appropriate endocrine replacement after
implantation of a fertilised donor egg.!

Short stature is the most common clinical manifestation of Turn-
er’s syndrome. Growth hormone therapy has been widely used
and may be considered from as early as 2 years of age,? but there
is considerable debate about the extent of the benefit in terms of
final height. Results from 622 girls enrolled in the National Co-
operative Growth Study* suggested a mean height gain of
6.4+ 4.9 cm, and another cohort database® of 485 girls found
that when treatment was started before puberty a mean increase
in final height of 5 cm or more would be expected. A systematic
review® of 4 controlled studies found that growth hormone in-
creased short-term growth, but that there was limited controlled
data on final height. It has been suggested* that a final height of
150 cm is an achievable goal for most patients. Growth hormone
therapy during childhood and adolescence may also be important
in maximising bone mass and reducing the risk of osteoporosis.”
Although it is generally recommended that oestrogen replace-
ment be delayed where growth promotion is a priority,>2 optimal
oestrogen replacement therapy may also be important in maxim-
ising final height. In a comparison® of the introduction of conju-
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gated oestrogen therapy at 12 or 15 years of age, the combination
of growth hormone and oestrogen initially stimulated growth ve-
locity and bone maturation more than growth hormone alone, but
subsequently declined after about 2 years. Patients who received
growth hormone for a longer period before starting oestrogen
therapy attained greater adult height, a finding also noted in an-
other study;? it was suggested that early use of growth hormone
could allow oestrogen therapy to be begun at a more appropriate,
younger age without compromising final height. However, the
use of low-dose oestrogen from an even earlier age (as young as
8 years) to stimulate linear growth does not add to the effect of
growth hormone therapy and may even reduce final height.*®
Combination of growth hormone with a non-aromatisable ana-
bolic steroid such as oxandrolone is recommended as an option
in girls aged 8 to 12 years if therapy is begun late,* or if response
to growth hormone is inadequate.?

Adult women with Turner’s syndrome require multidisciplinary
management including cardiovascular monitoring, psychologi-
cal support, and a programme of prevention for diabetes, oste-
oporosis, and hypertension.-?
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Abarelix (UsAN, iNN)

Abarelix; Abarelixum; PPI-149; R-3827. N-Acetyl-3-(2-naphthyl)-
D-alanyl-4-chloro-D-phenylalanyl-3-(3-pyridyl)-D-alanyl-L-seryl-N-
methyl-L-tyrosyl-D-asparaginyl-L-leucyl-Né-isopropyl-L-lysyl-L-pro-
lyl-D-alaninamide.

AbapeAnkc

CyHgsCIN 4O 4 = 1416.1.

CAS — 183552-38-7.

ATC — L02BXO01.

ATC Vet — QLO2BXO01.

Adverse Effects and Precautions

Immediate hypersensitivity reactions, including urticaria, pruri-
tus, hypotension, and syncope, can occur with abarelix, and the
cumulative risk of such a reaction increases with repeated doses.
Patients should be monitored for at least 30 minutes after each
injection. Hot flushes, sleep disturbance, breast enlargement and
tenderness may result from testosterone reduction. Prolongation
of the QT interval has occurred in patients receiving abarelix.
Elevations in transaminase concentrations have occurred, and
liver function should be monitored before starting treatment, and
periodically during treatment. The effectiveness of abarelix in
the management of prostate cancer decreases with duration of
therapy, and may be further reduced in patients weighing more
than about 100 kg (225 pounds). The serum concentration of tes-
tosterone should be measured on day 29 of therapy and then eve-
ry 8 weeks, to monitor for treatment failure.



