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placebo in ovulation, pregnancy, and live birth rates as a
single agent, but the combination of metformin and CC
significantly improved ovulation and pregnancy rates when
compared with CC alone. However, combined therapy did
not improve the odds of live birth. Metformin pretreatment
improves the efficacy of CC in PCOS patients with CC
resistance.

Rosiglitazone (8 mg/day), has been shown to enhance
both spontaneous and clomiphene-induced ovulation in
women with PCOS with a mean BMI of 35.5-38.5 kg/mZ2.
Pioglitazone appears to be effective as well; however, the
study is still limited. Although both rosiglitazone and
pioglitazone have little short-term risk, fetal safety has not
been established (pregnancy category C of the US FDA
guidelines). If used, they should be discontinued as soon
as pregnancy has been established. There is no evidence
that metformin improves live birth rates whether it is used
alone or in combination with clomiphene, or when
compared with clomiphene. Therefore, the use of
metformin in improving reproductive outcomes in women
with PCOS appears to be limited.

Aromatase inhibitors

Selective aromatase inhibitors such as anastrozole and
letrozole are promising new ovulation-inducing agents.
They are reversible and highly potent. Unlike CC, which
has a half-life of 5-7 days, the mean half-life of
anastrozole and letrozole is ~45 h only. To date, letrozole
has been studied much more extensively than
anastrozole. Letrozole inhibits estrogen production in the
hypothalamus-pituitary axis, which implies an increase in
gonadotropin-releasing hormone (GnRH) and FSH. It is
believed that there exists a relative decrease in aromatase
in women with PCOS, which reduces the production of
follicles responsible for efficacious ovulation. To use this
relative deficit, aromatase inhibitors were considered in
order to provoke ovulation, because their selective action
of blocking the peripheral passage of androgens to
estrogens reduces the quantity of estrogens, thereby
producing positive feedback in the pituitary, increasing
FSH, and optimizing ovulation. The advantage of letrozole
is that it avoids peripheral antiestrogenic effects on the
endometrium while stimulating monofollicular growth.
Letrozole at 2.5-5 mg is administered for 5 days and may
be accompanied by FSH (at the normal doses for PCOS
patients) and human chorionic gonadotropin (hCG; 10,000
IU) when the follicle diameter reaches 18 mm in order to
program the ovulation. Although Novartis Pharmaceuticals
has warned against the use of letrozole for ovulation
induction (owing to possible teratogenicity), a comparison
with clomiphene did not demonstrate increased rates of
major or minor malformations.

Glucocorticoids

Glucocorticoids such as prednisone and dexamethasone
have been used to induce ovulation. Elnashar et al
demonstrated that induction of ovulation by adding
dexamethasone (high dose, short course) to CC in CC-
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resistant PCOS with normal DHEAS is associated with no
adverse antiestrogenic effect on the endometrium and
higher ovulation and pregnancy rates in a significant
number of patients.

In PCOS patients with high adrenal androgen, low-dose
dexamethasone (0.25-0.5 mg) at bedtime can be used. In
a study of 230 women with PCOS who failed to ovulate
with 200 mg of CC for 5 days, addition of 2 mg of
dexamethasone from days 5-14 is associated with a
higher ovulation rate and cumulative pregnancy rate.
Enthusiasm for their use is dampened, however, by their
potential adverse effects on insulin sensitivity; therefore,
prolonged use should be discouraged.

Gonadotropins

The second possible line of therapy after resistance to CC
has been demonstrated in women with PCOS is
exogenous gonadotropins. The mechanism of action of
gonadotropins is to induce ovulation, maintain and
provoke optimum follicle growth via the controlled
administration of FSH, and achieve a follicle capable of
being fertilized. Unlike CC, gonadotropin does not exert a
peripheral antiestrogenic effect. The main drawback of
gonadotropins is that they provoke multiple follicle
development, thereby increasing the risk of ovarian
hyperstimulation syndrome (OHSS) and multiple
pregnancies. Treatment with FSH is expensive, is time
consuming, and requires expertise and stringent
monitoring.

Several treatment protocols have been advocated, such
as step-up, low-dose step-up, and step-down regimens.
The ASRM recommends low-dose gonadotropin protocols.
A step-up dose-finding approach favoring unifollicular
development is recommended. The step-up regimen starts
with a minimum dose (37.5-50 IU/day), which increases
according to the lack of follicle response. Control is made
by ultrasound, and the regimen is modified after 1 week of
no follicle growth with a 50% increase each time as
required. HCG is used as a surrogate for the LH surge,
leading to maturation of the oocyte, rupture of the follicle,
and formation of the corpus luteum. The step-down
regimen starts with the maximum recommended dose,
which is reduced as a follicle response is achieved. The
dose is reduced by 50% each time the regimen is
changed. Recent studies have demonstrated greater
safety for patients using the step-up regimen.

In 2006, the ASRM advocated caution and strict control
when blood estradiol levels exceed 2500 pg/mL during
induction. Current recommendations suggest withholding
hCG administration in the presence of more than two
follicles >16 mm or more than one follicle >16 mm and two
additional follicles >14 mm, or if serum estradiol levels are
between 1000 and 2500 pg/mL, particularly in women < 38
years old without any other infertility factors. Overall, low-
dose regimens resulted in a monofollicular ovulation rate
of ~70%, a pregnancy rate of 20% per cycle, and a
multiple live birth rate of 5.7% while maintaining a low
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incidence of multiple pregnancies (<6%) and OHSS
(<1%). A maximum of six cycles with gonadotropins is
recommended because no response with six cycles
signifies resistance.

Laparoscopic ovarian diathermy

In clomiphene-resistant PCOS women who are unable to
comply with the close monitoring necessary for
gonadotropin administration, bilateral laparoscopic
ovarian surgery with monopolar electrocautery (multiple
controlled perforation of the ovary) or laser is an
acceptable alternative; both modalities confer similar
results. Laparoscopic ovarian diathermy (LOD) is
associated with lower multiple gestation rates than
gonadotropins. In a Cochrane Database Systematic
Review article, there was no evidence of a difference in
live birth rate and miscarriage rate in women with
clomiphene-resistant PCOS undergoing LOD versus
gonadotropin treatment. It appears to be more effective in
patients with high LH, and significant reductions in LH and
androgens. LOD restores menstrual regularity in 63%-
85%, and the beneficial effects on reproductive outcomes
seem to last for several years in many women. Treatment
with metformin is equally efficacious in correcting the
clinical, endocrine, and metabolic abnormalities
associated with PCOS.

In vitro fertilization techniques

The last possibility for achieving a full-term pregnancy in
women with PCOS is to use in vitro fertilization (IVF)
techniques. Patients with PCOS are characterized by
anovulatory cycles that conceptually are not an indication
for IVF techniques. These techniques are used as a last
resort when treatments with CC, gonadotropins, and
letrozole have failed. IVF is the first choice in cases of
concomitant diseases both in women (severe
endometriosis, tubal obstruction, etc) and men
(azoospermia, male factor) that reduce the effectiveness
of other techniques. Because of the increased risk of
multiple gestations (up to 10%) with gonadotropin
induction in anovulatory women with PCOS, IVF is a
reasonable alternative for women seeking pregnancy.

Several stimulation protocols have been published for the
treatment of patients with PCOS undergoing IVF,
including combinations or isolated use of clomiphene,
human menopausal gonadotropins, recombinant FSH,
GnRH agonists, and GnRH antagonists. According to the
2008 ASRM consensus conference, the most commonly
employed protocol is a long FSH desensitization protocol
in which an agonist is started in the early, mid, or late
luteal phase in the preceding cycle or in the follicular
phase until hCG administration. Stimulation with
gonadotropins is started when pituitary and ovarian
suppression has been achieved. A meta-analysis
published in 2006, which studied the results of
conventional IVF techniques in women with PCOS,
revealed more cycle cancellation and that the duration of
stimulation cycles was significantly longer in women with
PCOS. There is evidence that the use of metformin
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improves viable pregnancy rates and reduces the
incidence of OHSS. The success of IVF techniques is
similar to that of patients without PCOS, which implies that
PCOS does not intervene in embryo implantation.
TREATMNET OF MENSTURAL DYSFUNCTION

Chronic anovulation is associated with an increased risk of
endometrial hyperplasia and carcinoma. Thus, it is prudent
to consider endometrial biopsy in patients with PCOS who
have not had menstrual bleeding for a year or longer.
Some investigators have advocated the use of
ultrasonography to determine endometrial thickness in
deciding whether to do a biopsy of the endometrium.
Endometrial proliferation can be inhibited by administering
either cyclic progestin or oral contraceptives with a
combination of estrogen and progestin. The latter
approach, which also reduces ovarian androgen
production, may be particularly beneficial in this setting.

TREATMENT OF ANDROGEN RELATED SYMTOMS

The over-riding androgenic symptoms that the individual
presents will vary from patient to patient; for some it is
mainly hirsutism, but for others it is acne and/or alopecia.
Many have both hirsutism and acne, and a few complain
of significant acne, hirsutism, and alopecia.

Hirsutism

Overall, 70%-80% of women with excess androgen
demonstrate hirsutism, usually defined as a Ferriman-
Gallwey score of at least 8, although this prevalence is
less in certain ethnic groups, such as East Asians, who
may have fewer hair follicles endowed per unit area of
skin. Androgens increase the growth rate of hair and
transform vellus hair to terminal hair. Reduction of
androgens reduces new hair growth and slows the growth
of terminal hair that is already present. The effects of
hormonal therapy require more than 6 months to be
maximal.

Oral contraceptive pills

In women who have no desire to conceive, they can be
treated with oral contraceptive pills (OCPs). OCPs reduce
hyperandrogenism by promoting direct negative feedback
on LH secretion, which results in decreased ovarian
synthesis of androgens. Further, they increase liver
production of sex hormone-binding globulin and
subsequently decrease circulating free androgen. The
choice of oral contraceptive is important, because most
progestins also possess variable androgenic effects.
Available low-dose OCPs (defined as <50 pg) contain
ethinyl estradiol in doses ranging from 15 pg to 35 ng. An
important consideration for the progestin component is the
degree of androgenicity of the progestin. Newer OCPs
contain fewer androgenic progestins (such as
norethindrone, desogestrel, and norgestimate), and two
progestins (cyproterone acetate [CPA], which is used in
low doses in OCPs, and drospirenone) function as
androgen receptor antagonists, CPA being more potent in
its effect. CPA may also inhibit 5-a-reductase activity,
decreasing the availability of the more potent androgen,
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dihydrotestosterone. A third antiandrogenic progestin,
dienogest, has recently become available in Europe and is
combined with estradiol as an OCP. One of the newest
OCPs that might be more effective in reducing the growth
of new terminal hair and acne formation is a formula that
contains a combination of nonandrogenic progestin,
drospirenone, and ethinyl estradiol; thus, it is potentially
ideal for the treatment of women with PCOS.
Drospirenone is a spironolactone analog with
mineralocorticoid activity; as a result, it has some diuretic
property. However, it should not be prescribed to those
predisposed to hyperkalemia. Treatment must be given for
at least 6-9 months before improvement in hirsutism can
be seen.

Estrogen—progestin combination therapy (with the use of a
combination OCP) remains the predominant treatment for
hirsutism and acne in PCOS. Controversy persists
regarding the use of OCPs as first-line therapy in women
with PCOS. These agents clearly improve hirsutism and
acne and protect against unopposed estrogenic
stimulation of the endometrium, but their potential adverse
effects on insulin resistance, glucose tolerance, vascular
reactivity, and coagulability are a concern, particularly now
that insulin-lowering agents are available.

Antiandrogens

Antiandrogens such as spironolactone, CPA, or flutamide
act by competitive inhibition of androgen-binding receptors
or by decreasing androgen production.

Spironolactone, which is an aldosterone antagonist, is a
dose-dependent competitive inhibitor of the androgen
receptor and can also inhibit 5-a-reductase activity.
Spironolactone possesses moderate antiandrogenic
effects when administered in large doses (100-200 mg
daily). It has demonstrable effects on hirsutism over and
above those induced by OCPs. Although generally well
tolerated, it occasionally causes fatigue, postural
hypotension, and dizziness, and when administered alone
in high doses, it may cause menstrual irregularity. The risk
of feminizing a male fetus, if pregnancy occurs, precludes
its use as monotherapy in sexually active women with
PCOS. Spironolactone and oral contraceptives appear to
be synergistic. Thus, it is often used with OCPs.

CPA is a progestational antiandrogen. CPA competitively
inhibits the binding of testosterone and its more potent
conversion product 5-a-dihydrotestosterone to the
androgen receptor. Used in high doses (50-100 mg) and
in a reverse sequential regimen (for the first 10 days of
cycle), in combination with ethinyl estradiol 20-50 mg (to
ensure regular menses), it was shown to be more effective
than finasteride, a 5-a-reductase inhibitor. CPA is
generally well tolerated, although it may cause headaches,
nausea, weight gain, breast tenderness, loss of libido,
and, rarely, hepatotoxicity effects. As with spironolactone,
there is a risk of feminizing a male fetus. A combination of
ethinyl estradiol and CPA is very effective in treating
hirsutism and acne. Apart from its antiandrogenic effect,
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CPA has a marked progestational property preventing
ovulation. Loss of hair, which frequently accompanies
seborrhea, also improves. Frequent monitoring of liver
and renal function is necessary during therapy with
antiandrogens. Similar to that with OCP, improvement of
hirsutism is expected to be noticeable after 6 months of
treatment. Although there is a considerable variation
among individuals, the maximum effect is usually seen
after 9-12 months of antiandrogen treatment.

Flutamide is a nonsteroidal, selective antiandrogen
without progestogenic effect. It is very effective in treating
hirsutism. In a dose of 500 mg daily, it was found to be
similarly effective as spironolactone 100 mg in women
with idiopathic hirsutism, and, in a recent study, the
minimal effective dose was found to be 125 mg daily. Its
major concern is serious hepatotoxicity, although doses
up to 375 mg have been used without any significant
hepatotoxicity. However, it is rarely used alone due to its
high cost and the risk of hepatocellular toxicity. Recent
studies have indicated that a combination of flutamide
62.5 mg daily with metformin 850 mg daily is more
effective in improving symptoms of PCOS than OCP
alone.

Finasteride is a type 2 (5-a-reductase) activity inhibitor
that inhibits the production of dihydrotestosterone.
Enhanced 5-a-reductase activity in hirsutism probably
involves both type 1 and type 2 enzymes, so it is unlikely
to be an optimal treatment. Hirsutism scores were lower in
studies of finasteride. Finasteride has also been used in
combination with a CPA-containing OCP, and the addition
of finasteride 5 mg to the OCP was shown to be better
than the OCP alone. Although finasteride has a low side
effect profile, its feminizing effects on a male fetus
preclude its use in most patients.

Glucocorticoids

Some women with PCOS have elevated adrenal
androgen levels, although their contribution to ovulatory
dysfunction appears modest. Glucocorticoids suppress
adrenal androgen secretion and have been used in
patients with adrenal hyperandrogenism. Their use is
most legitimate in patients with classic congenital adrenal
hyperplasia, where they can help prevent and manage
hirsutism and allow ovulatory cycles. In nonclassic
congenital adrenal hyperplasia and functional adrenal
androgen excess (a minority of PCOS patients), their role
is more limited. Suppression of adrenal androgens results
in a minor improvement of hirsutism, although prolonged
remission after therapy withdrawal can be obtained. A trial
of CPA versus hydrocortisone in patients with late-onset
congenital adrenal hyperplasia showed a greater
decrease in hirsutism scores with 1 year of CPA
compared with hydrocortisone (54% vs 26%). These
results occurred despite a greater reduction of androgens
with glucocorticoids, highlighting the importance of
peripheral receptivity to androgens. Overdosing can
occur, leading to adrenal atrophy, weight gain, and
decreased bone mineral density. Glucocorticoid (5—7.5 mg









