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Consensus on infertility treatment related to polycystic
ovary syndrome
The Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group* March 2–3, 2007,
Thessaloniki, Greece

The treatment of infertile women with polycystic ovary syndrome (PCOS) is surrounded by many controversies.
On the basis of the currently available evidence, a group of experts reached a consensus regarding the therapeutic
challenges raised in these women. Before any intervention is initiated, preconceptional counseling should be pro-
vided emphasizing the importance of lifestyle, especially weight reduction and exercise in overweight women,
smoking, and alcohol consumption. The recommended first-line treatment for ovulation induction remains the
anti-estrogen clomiphene citrate (CC). Recommended second-line intervention, should CC fail to result in preg-
nancy, is either exogenous gonadotropins or laparoscopic ovarian surgery (LOS). The use of exogenous gonad-
otropins is associated with increased chances for multiple pregnancy, and, therefore, intense monitoring of
ovarian response is required. Laparoscopic ovarian surgery alone is usually effective in less than 50% of women,
and additional ovulation induction medication is required under those circumstances. Overall, ovulation induc-
tion (representing the CC–gonadotropin paradigm) is reported to be highly effective with a cumulative singleton
live-birth rate of 72%. Recommended third-line treatment is in vitro fertilization (IVF). More patient-tailored
approaches should be developed for ovulation induction based on initial screening characteristics of women
with PCOS. Such approaches may result in deviation from the above mentioned first-line, second-line, or
third-line ovulation strategies in well-defined subsets of patients. Metformin use in PCOS should be restricted
to women with glucose intolerance. Based on recent data available in the literature, the routine use of this
drug in ovulation induction is not recommended. Insufficient evidence is currently available to recommend
the clinical use of aromatase inhibitors for routine ovulation induction. Even singleton pregnancies in PCOS
are associated with increased health risk for both the mother and the fetus. (Fertil Steril� 2008;89:505–22.
�2008 by American Society for Reproductive Medicine.)
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Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrinopathies, affecting 5% to 10% of women of re-
productive age. The syndrome is surrounded by controversies
regarding both its diagnosis and treatment. The need to estab-
lish universally accepted diagnostic criteria led to the Rotter-
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dam meeting in 2003, during which experts in PCOS from all
over the world arrived at a consensus regarding the diagnosis
of the syndrome. That meeting was endorsed by both the Eu-
ropean Society for Human Reproduction and Embryology
(ESHRE) and the American Society for Reproductive Medi-
cine (ASRM), and its proceedings were published in Fertility
and Sterility and in Human Reproduction (1, 2).

Criteria proposed for the diagnosis of PCOS in the Rotter-
dam meeting were set to allow the performance of properly
designed trials with good external validity in PCOS patients.
These trials would assist in defining the various phenotypes of
the syndrome, in discovering its genetic origins, in evaluating
its long-term consequences, and in describing its optimal
treatment. Advantages and disadvantages of these criteria,
and especially the various phenotypes, were discussed in sub-
sequent publications (3, 4).

Although significant progress has been made toward the
development of universally accepted diagnostic criteria for
PCOS (1, 2), the optimal treatment for infertile women
with PCOS has not yet been defined. Various interventions
have been proposed ranging from lifestyle modifications
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and administration of pharmaceutical agents such as clomi-
phene citrate (CC), insulin-sensitizing agents, gonadotropins,
and gonadotropin-releasing hormone (GnRH) analogues to
the use of laparoscopic ovarian drilling and the application
of assisted reproduction techniques (ART).

The recognition of the controversies surrounding the treat-
ment of this enigmatic syndrome led to a second international
workshop endorsed by ESHRE and ASRM held in Thessalo-
niki, Greece, in 2007, to address the therapeutic challenges
raised in women with infertility and PCOS and to answer im-
portant questions regarding the value of various treatments
available for these women and their efficacy as well as their
safety. As with the Rotterdam meeting, a panel of interna-
tional experts was invited to discuss the treatment of women
with PCOS and infertility to arrive at a consensus regarding
therapy. The reader should note that the vast majority of the
available studies used variable criteria for PCOS definition.
Nevertheless, the discussants overall felt that the reviewed
and cited data were pertinent to the disorder of PCOS,
independent of the specific criteria used.

LIFESTYLE MODIFICATIONS

Preconceptional counseling in women with PCOS should
identify risk factors for reproductive failure and correct
them before treatment initiation. In this respect, it is impera-
tive to recognize the presence of obesity and its centripetal
distribution, which may vary according to ethnicity and geo-
graphical area, as well as to recommend folate supplementa-
tion in all women and smoking cessation where appropriate.
It is well known that obesity is associated with anovulation
(5), pregnancy loss (6), and late pregnancy complications
(preeclampsia, gestational diabetes, etc.) (7). Obesity is com-
mon in women with PCOS and is linked to failure or delayed
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response to the various treatments proposed, such as admin-
istration of CC (8, 9), gonadotropins (10, 11) (Fig. 1), and
laparoscopic ovarian diathermy (12). Weight loss is recom-
mended as the first-line therapy in obese women with
PCOS seeking pregnancy. This recommendation is based
on extrapolation from the benefits of weight loss seen in mul-
tiple other conditions, such as diabetes and cardiovascular
disease, as well as recognition of obesity’s association with
poor reproductive outcome.

However, it should be noted that there is a paucity of stud-
ies suggesting that weight loss before conception improves
the live-birth rate in obese women with or without PCOS
(13). On the other hand, multiple observational studies have
noted that weight loss is associated with improved spontane-
ous ovulation rates in women with PCOS (5, 13), and preg-
nancies have been reported after losing as little as 5% of
initial body weight (14). The treatment of obesity is multifac-
eted and involves behavioral counseling, lifestyle therapy
(diet and exercise), pharmacologic treatment, and bariatric
surgery (15). However, there are no properly designed studies
to guide the choice of such interventions in overcoming infer-
tility in women with PCOS. Generally, a combination of med-
ical and behavioral therapies offers the greatest weight loss
(16) though long-term bariatric surgery is associated with
the best weight maintenance after weight loss (17). The ef-
fects of calorie restriction, increased physical activity, and
pharmacologic and weight loss agents in the periconceptional
period are unknown and are potentially harmful to the goal of
live birth (18, 19). These interventions should be conducted
before pregnancy, not concurrently with infertility treatment,
until the risk–benefit ratio of these therapies on pregnancy is
better understood. Table 1 shows randomized trials of life-
style and pharmacologic weight loss therapy in women
with PCOS.
FIGURE 1

Association between obesity and ovulation rate in gonadotropin ovulation induction, with a pooled odds ratio and
95% confidence interval. (Mulders et al., Hum Reprod Update 2003;9:429–49. Used with permission.) Cited
Studies: Hamilton-Fairley et al. (154), Strowitzky et al. (155), Vicino et al. (156), Yarali et al. (157).
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TABLE 1
Randomized trials of lifestyle and pharmacologic weight-loss therapy in women with polycystic ovary
syndrome.

Study
Number

of patients Duration Intervention
Weight

loss (kg)
Reproductive

outcome

Diet

Moran et al.,
2003 (13)

28 16 w Diet (RCT): 6000 KJ/day 7.7 44% had
improvement
in ovulation

HP: 40% C, 30% P,
30% F

LP: 55% C,
15% P, 30% F

Moran et al.,
2004 (21)

10 16 w Diet (RCT): 6000 KJ/day 7.1 NA
HP: 40% C, 30% P,

30% F
LP: 55% C,

15% P, 30% F
Stamets et al.,

2004 (22)
26 1 m Diet (RCT): 4200 KJ

deficit/day
4.0 Decreased T,

increased
menstrual
bleeding

HP: 40% C, 30% P,
30% F

LP: 55% C,
15% P, 30% F

Moran et al.,
2006 (28)

23 8 w Diet (RCT): 5000 KJ/day
2 meal replacements
plus low-fat dinner
and snacks fat
counting (<50 g/day)
or carbohydrate
counting (<120 g/day)

4.7 Decreased T, 57%
had improved
menstrual
cyclicity

6 m Exercise: 8000 steps/
day

Lifestyle

Hoeger et al.,
2004 (163)

38 48 w Combined therapy
(RCT)

6.8 NS

Diet: 2100–4200 KJ
deficit/day.

Individualized healthy
meal plan: 50% C,
25% P, 25% F

Exercise: Group
sessions

Behavior: Group
sessions

Bruner et al.,
2006 (26)

12 12 w Diet (RCT): Canadian
Food Guide to
Healthy Eating

NS NS

Exercise: A
combination
of endurance and
resistance activities
3 days/week
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TABLE 1
Continued.

Study
Number

of patients Duration Intervention
Weight

loss (kg)
Reproductive

outcome

Tang et al.,
2006 (53)

143 6 m Diet (RCT): 500 kcal
deficit/day

1.5 Improved
menstrual
frequency
(median 1
cycle/6 m)

Exercise: increase
physical activity by
15 minutes a day
(unmonitored)

Pharmacological
Sabuncu et al.,

2003 (32)
40 6 m Medication: Sibutramine

10 mg/day
5.8 37% decrease in T,

280% increase
in SHBG

Jayagopal et al.,
2005 (33)

21 3 m Diet: 8-week run in
of dietary modification

4.4 8% decrease in T

Medication: Orlistat
120 mg tid

Note: C: carbohydrate; P: protein; F: fat; HP: high protein; LP: low protein; NA: not available; NS: no statistically significant
change from baseline; RCT: randomized, controlled trial; SHBG: sex-hormone–binding globulin; T: testosterone;
w: week(s); m: month(s).
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It is generally agreed that energy restriction is required for
weight loss. In fact, early improvements in reproductive func-
tion, in the absence of apparent weight loss, were probably due
to energy restriction per se. However, there is little agreement on
what constitutes the optimal diet for women with PCOS (20).
The resurgence of the ‘‘Atkins diet’’ has generated consider-
able interest in very low calorie diets in recent years, and these
can lead to significantly decreased body weight in PCOS
(12% in 24 weeks) and can improve reproductive outcome
(21). A range of dietary approaches has been shown to be ef-
fective in weight loss and in improving reproductive function,
but only two randomized controlled trials (RCTs) have com-
pared the effect of different diets in women with PCOS (13,
22). However, these studies did not show that dietary patterns
differentially affect weight loss and reproductive outcomes.

Increasing evidence in women without PCOS suggests that
diets with reduced glycemic load may be beneficial in allevi-
ating hyperinsulinemia and its metabolic consequences (23).
This is of particular relevance to women with PCOS because
of the close association between insulin resistance and repro-
ductive health. In the absence of level I evidence, the recom-
mended diet for obese women with PCOS is any hypocaloric
diet (with a 500 Kcal/day deficit) with reduced glycemic load
and, failing that, any calorie restricted diet with which
patients can comply and achieve a 5% weight loss.

Exercise

Insufficient physical activity might explain why women
with PCOS have a tendency toward being overweight/obese.
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Baseline activity levels by self-report were lower in women
with PCOS compared with control women (24). In the Nurses’
Health Study, vigorous activity was associated with a reduced
relative risk of anovulatory infertility (25). Few studies have
examined the role of exercise alone in improving reproductive
function in PCOS. In a pilot trial examining exercise and
nutritional counseling in PCOS, women were assigned to
nutritional counseling alone or in combination with exercise.
No differences were seen between groups with respect to
weight loss or restoration of menstruation (26).

Several studies have examined combination therapy of diet
and exercise (27, 28). Most of them, however, were not random-
ized trials, and exercise was not supervised but rather consisted
of lifestyle counseling. Although weight loss alone appeared
to improve menstrual frequency, the contribution of exercise
alone could not be determined in these studies. It is clear that
regular physical activity is an important component of weight
loss programs because it is associated with better long-term
weight loss maintenance (29). However, its independent role
in achieving weight reduction and improved reproductive out-
come is less obvious. Increased physical activity is recommen-
ded for obese women with PCOS, but always while considering
the possible orthopaedic and cardiovascular limitations (28).

Pharmacologic Treatment and Bariatric Surgery

The available literature supports the adjuvant use of bariatric
surgery and pharmacologic weight loss for the treatment of
obesity in PCOS although large clinical trials are needed. In
morbidly obese women, the PCOS phenotype appears to be
very frequent (30). Most importantly, this disorder has been
ted to PCOS Vol. 89, No. 3, March 2008



found to improve markedly after sustained weight loss after
bariatric surgery (31). Anti-obesity pharmacologic agents
have been used in obese women with PCOS although few
quality studies have been published (32, 33). Both orlistat,
which blocks intestinal absorption of fat (33), and sibutr-
amine, an appetite suppressant (32), have displayed a weight
loss–independent effect on androgens and insulin resistance.
Currently, there are no studies in women with PCOS regard-
ing the use of rimonabant, which decreases food intake (34).
This agent is not approved by the U.S. Food and Drug Admin-
istration (FDA), but it is approved in Europe. It should be
noted that these treatments should not be considered as
first-line therapy for obesity in women with PCOS.

Summary Points

� Obesity adversely affects reproduction and is associated
with anovulation, pregnancy loss, and late-pregnancy
complications.

� Obesity within PCOS is associated with failure of infer-
tility treatment.

� Weight loss before infertility treatment improves ovula-
tion rates in women with PCOS, but there are limited
data that it improves fecundity or lowers pregnancy
complications.

� Evidence based schemas to guide the treatment of obe-
sity in women with PCOS have not yet been developed.

� Experience from other areas of medicine suggests life-
style modifications as the first-line treatment of obesity
in PCOS.
Fertility and Sterility�
� The best diet and exercise regimens are unknown, but
caloric restriction and increased physical activity are
recommended.

� Caution is recommended about conceiving during the
use of hypocaloric diets, excessive physical exertion,
pharmacologic intervention, or during the period of
rapid weight loss after bariatric surgery because the ef-
fects of these interventions on the evolution of early
pregnancy are not yet known.

� Treatment of adverse lifestyles, including obesity and
physical inactivity, should precede ovulation induction.

� The ideal amount of weight loss is unknown, but a 5%
decrease of body weight might be clinically meaningful.

CLOMIPHENE CITRATE

Clomiphene citrate (CC) remains the treatment of first choice
for induction of ovulation in anovulatory women with PCOS.
The cost of the medication is low, the oral route of adminis-
tration is patient friendly, there are relatively few adverse ef-
fects, little ovarian response monitoring is required, and
abundant clinical data are available regarding safety of the
drug. The mechanism of action in not entirely known, but it
is thought to involve the blockade of the negative feedback
mechanism that results in increased secretion of follicle-stim-
ulating hormone (FSH). The main factors that predict out-
come of treatment are obesity, hyperandrogenemia, and age
(35) (Fig. 2). Ovarian volume and menstrual status are addi-
tional factors that help to predict responsiveness to CC (36).
FIGURE 2

Nomogram designed to predict chances for live birth in clomiphene citrate induction of ovulation. Note the two
different steps. (Imani et al., Fertil Steril 2002;77:91–7. Used with permission.)
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Selection of Patients

There are no specific exclusion criteria for women with an-
ovulatory PCOS who have normal baseline FSH and estradiol
levels, but selection of patients for treatment should take in
account body weight/body mass index (BMI), age, and other
infertility factors. Poorer outcome in older patients may jus-
tify consideration of alternative treatments such as exogenous
gonadotropins or in vitro fertilization (IVF).

Dose

The starting dose of CC generally should be 50 mg/day (for
5 days, starting on days 2 to 5 after a spontaneous or proges-
tin-induced withdrawal bleeding). The recommended maxi-
mum dose is 150 mg/day as there is no clear evidence of
efficacy at higher doses and this is in accord with FDA rec-
ommendations of 750 mg per treatment cycle (37).

Monitoring

Although the results of large trials suggest that monitoring by
ultrasound is not mandatory to ensure good outcome (38), the
practice in many centers is to monitor the first cycle to allow
adjustment of the dose in subsequent cycles based on the ob-
served response. In the absence of complete cycle monitoring,
a pretreatment ultrasound is often performed to evaluate ovar-
ian and endometrial morphology, which may be followed by
serum progesterone measurements (typically one or two sam-
ples in the estimated luteal phase). There is no evidence that
administration of human chorionic gonadotropin (hCG) in
midcycle improves the chances of conception (39).

Efficacy

Approximately 75% to 80% of patients with PCOS will ovu-
late after CC administration (40, 41). Although there appears
to be discrepancy between ovulation and pregnancy rates,
life-table analysis of the largest and most reliable studies
indicates a conception rate of up to 22% per cycle in those
ovulating on CC (36, 42, 43).

Duration of Treatment

Treatment generally should be limited to six (ovulatory) cy-
cles (36, 40). Further cycles (maximum 12 in total) may be
considered on an individual basis after discussion with the
patient. Normally, however, second-line therapy with FSH
or laparoscopic ovarian surgery should be considered at
that time (36, 44). Cumulative live-birth rates vary between
50% to 60% for up to six cycles (43).

Adverse Effects

Hot flushes, headaches, and visual complaints are well-recog-
nized side effects during CC treatment, but the drug is gener-
ally well tolerated. The multiple pregnancy rate is less than
10%, and ovarian hyperstimulation syndrome (OHSS) is
rare (36). Anti-estrogenic effects on endometrium and cervi-
cal mucus may occur but appear to represent an idiosyncratic
510 Tarlatzis et al. Consensus on infertility treatment relat
response. There is no clear evidence that the chance of con-
ception is adversely affected in ovulatory cycles (45).

Combination Therapy

There is now clear evidence that the addition of metformin
(38, 46) or dexamethasone (47) to CC as primary therapy
for induction of ovulation has no beneficial effect.

Alternative Therapies

Anti-estrogens other than clomiphene citrate Tamoxifen
appears to be as effective as CC for induction of ovulation
but is not licensed for that purpose (48, 49). It may be consid-
ered as an alternative to CC in women who suffer intolerable
side effects such as hot flushes.

Aromatase inhibitors Initial preliminary studies suggest that
letrozole appears to be as effective as CC for induction of
ovulation, but the drug is currently not approved for treatment
of infertility. Prospective, sufficiently powered studies dem-
onstrating efficacy and safety should be awaited before the
widespread use of aromatase inhibitors can be recommended.
It may, however, be considered as an off-label option for some
patients after appropriate discussion of risks and benefits.

Summary Points

� Clomiphene citrate remains the treatment of first choice
for induction of ovulation in most anovulatory women
with PCOS.

� Selection of patients for CC treatment should take into
account body weight/BMI, female age, and the presence
of other infertility factors.

� The starting dose of CC should be 50 mg/day (for 5 days),
and the recommended maximum dose is 150 mg/day.

� Results of large trials suggest monitoring by ultrasound
or progesterone is not mandatory to ensure good out-
come.

� Life-table analysis of the largest and most reliable stud-
ies indicates a conception rate of up to 22% per cycle in
women ovulating while on CC.

� Further studies should demonstrate efficacy and safety
of aromatase inhibitors.

INSULIN-SENSITIZING AGENTS

Insulin-sensitizing agents are currently being used to treat di-
abetes, and there is considerable interest for their use in the
treatment of women with PCOS. Insulin sensitizers available
include metformin, a biguanide, and the thiazolidinediones
(pioglitazone and rosiglitazone). The primary risk with met-
formin is lactic acidosis, which is only seen in high-risk pa-
tients with renal, liver, or congestive heart failure (50). The
major risk with the thiazolidinediones is liver toxicity, and re-
cently there has been concern about increased cardiovascular
morbidity with rosiglitazone (51). With regard to the use of
these agents use during pregnancy, metformin is a category
B drug according to the FDA, which means that either ani-
mal-reproduction studies have not shown a fetal risk but there
ed to PCOS Vol. 89, No. 3, March 2008



are no controlled studies in women, or animal studies have
shown an adverse effect not confirmed by controlled studies
in women. Pioglitazone and rosiglitazone are category C
drugs, which means that either studies in animals have shown
adverse effects on the fetus and there are no controlled studies
in women, or studies in women and animals are not available.

In women with PCOS, metformin appears to lower the
fasting insulin level, but it does not appear to result in consis-
tent significant changes in BMI or waist-to-hip ratio (52).
Although oligomenorrhea improves in some women with
PCOS, significant numbers remain anovulatory and at risk
for menorrhagia and endometrial hyperplasia. The degree
of improvement in ovulation frequency is the same as is
achieved with weight reduction through lifestyle modifica-
tion, with no difference between metformin and placebo in
this regard (53), and has been estimated to represent one extra
ovulation every five woman-months (54).

With regard to the use of metformin for induction of ovu-
lation, two RCTs have indicated that metformin does not in-
crease live-birth rates above those observed with CC alone in
either obese or normal weight women with PCOS (38, 46).
The larger of these two trials (38) demonstrated a selective
disadvantage to metformin compared with CC and no appar-
ent advantage to adding metformin to CC, except perhaps in
women with BMI >35 kg/m2 and in those with CC resis-
tance. Results in this trial were the same when subjected to
either intention-to-treat analysis or analysis based on adher-
ence: CC resulted in higher ovulation, conception, preg-
nancy, and live-birth rates compared with metformin, but
the combination of both drugs did not result in a significant
benefit (Table 2). Addition of metformin did not decrease
the incidence of miscarriage, which in fact was higher in
the metformin group. Furthermore, metformin treatment con-
ferred no additional advantage when administered to women
newly diagnosed with PCOS (46). Thus, insulin sensitizers
should not be used as first-choice agents for induction of ovu-
lation in women with PCOS, and their administration does not

TABLE 2
Randomized trial from the National Institutes
of Health Reproductive Medicine Network.

CC Metformin Combination

N 209 208 209
Ovulation 49a 29 60b

Conception 20a 12 38a

Pregnancy 24a 9 31a

Live birth 23a 7 27a

Multiple 6 0 3

Source: Legro et al., N Engl J Med 2007;356:551–66.
Used with permission.

a P< .001.
b P< .001 (combination vs. clomiphene citrate [CC]).
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appear to decrease the incidence of early pregnancy losses. In
addition, there are insufficient data to document any advan-
tage to the use of thiazolidinediones over metformin (55, 56).

Although uncontrolled trials and case reports suggest that
metformin is safe during pregnancy, it would be prudent to
discontinue metformin when pregnancy is confirmed for
any woman with PCOS and insulin resistance who has been
taking the medication (38). Although there have been sugges-
tions that metformin treatment during pregnancy may be pro-
tective against complications (57), currently such use should
take place only in a research context (58).

Summary Points

� At present, use of metformin in PCOS should be re-
stricted to those patients with glucose intolerance.

� Decisions about continuing insulin sensitizers during
pregnancy in women with glucose intolerance should
be left to the obstetricians providing care and should
be based on a careful evaluation of risks and benefits.

� Metformin alone is less effective than CC in inducing
ovulation in women with PCOS.

� There seems to be no advantage to adding metformin to
CC in women with PCOS.

GONADOTROPINS AND GNRH ANALOGUES

The aim of ovulation induction for women with anovulatory
PCOS is to restore fertility and achieve a singleton live birth.
The method of ovulation induction using gonadotropin ther-
apy is based on the physiologic concept that initiation and
maintenance of follicle growth may be achieved by a tran-
sient increase in FSH above a threshold dose for sufficient
duration to generate a limited number of developing follicles.
Application of this concept is essential when ovulation in-
duction is conducted in women with PCOS because they
are specifically prone to excessive multiple follicle develop-
ment (59, 60).

Regimens

The original description of gonadotropin administration for
anovulation used a high starting dose of 150 IU a day. In
women with PCOS as well as those with multiple follicle for-
mation this ‘‘conventional protocol’’ was associated with an
unacceptable rate of excessive follicle development and in-
creased risk of OHSS (61–63). Subsequent efforts to reduce
the frequency of ovarian hyperstimulation have resulted in
the development of low-dose protocols (37.5–75 IU/day),
which have essentially replaced the original conventional
protocol (64–67).

Starting doses of daily 150 IU FSH are no longer recom-
mended in women with PCOS (68, 69) and have been re-
placed by low-dose FSH protocols. Currently, two low-dose
regimens are used:

1. Step-up regimens: Step-up regimens are based upon the
principle of a stepwise increase in FSH supply to
511



determine the FSH threshold for follicular development.
After commencement of gonadotropin administration,
if follicle development is not observed on ultrasound af-
ter 1 week, an increase in the dose is recommended.
Once follicle growth is observed, the same FSH dose
is maintained until follicular selection is achieved. To
further reduce the risk of ovarian hyperresponsiveness,
the duration of the initial dose of FSH was extended
(from 7 to 14 days), and the weekly dose increment
was reduced (from 100% to 50% of the dose), leading
to the so-called chronic low-dose regimen (70–73).

2. Step-down regimens: This regimen is designed to
achieve the FSH threshold through a loading dose of
FSH with a subsequent stepwise reduction as soon as
follicular development is observed on ultrasound (74–
76). Preliminary studies report that both step-up and
step-down regimens achieve similar high rates of
monofollicular development (77, 78). However, the
largest study published so far has shown that the
step-up regimen is safer in terms of monofollicular de-
velopment (79). Moreover, it is widely accepted that
monitoring of a step-down cycle may require more ex-
perience and skill compared with a low-dose step-up
regimen (80). Alternatively, a combined approach of
sequential step-up and step-down regimens has been
shown to help reduce the risk of overresponse (81, 82).

Combination of GnRH Analogues and Gonadotropins

It has been suggested that increased luteinizing hormone
(LH) secretion in PCOS may interfere with fertility. The
mechanisms include premature oocyte maturation through
inhibition of oocyte maturation inhibitor (83) and deleterious
LH effect on granulosa cell steroidogenesis (84, 85). In addi-
tion, elevated LH levels may be associated with an increased
pregnancy loss (86–89), although more recent data are not
consistent with this assumption (10, 90, 91).

The concomitant use of a GnRH agonist with gonadotropin
administration to improve pregnancy rates in patients under-
going ovulation induction has not been firmly established
(92–94). Moreover, combined therapy was associated with
an increased risk of OHSS (95–99), but there are insufficient
data to draw solid conclusions on miscarriage and multiple
pregnancy rates (100–102). Therefore, the significantly
higher hyperstimulation rate, the associated risk of multiple
pregnancies, and the additional inconvenience and cost of
concomitant GnRH agonist administration, in the absence
of documented increases in pregnancy success, do not justify
the routine use of GnRH agonists during ovulation induction
with gonadotropins in PCOS patients. The question of
whether LH suppression by a GnRH antagonist during go-
nadotropin-based ovulation induction is of benefit to women
with PCOS has not yet been addressed by RCTs.

Monitoring

Ultrasound assessment of the ovary can be performed at base-
line before the initiation of each cycle. Serial ovarian ultra-
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sound is an excellent method of determining follicle growth
and development in response to gonadotropin stimulation.
In particular, documentation of all follicles greater than 10
mm may be helpful to predict the risk of multiple pregnan-
cies. Adherence to the chronic low-dose regimen of FSH ad-
ministration in women with PCOS should markedly reduce
the likelihood of excessive ovarian stimulation and OHSS.
However, before ovulation induction with gonadotropins, it
is mandatory to counsel the patient about the risks associated
with higher-order multiple pregnancies after polyovulation.

In most previous studies, cycle cancellation has been ad-
vised when more than three follicles of 16 mm or larger
were observed (65, 67, 103) to prevent OHSS and multiple
pregnancies. In some studies, the limit was four or more fol-
licles >14 mm (82, 104). Recently, more stringent criteria
have been recommended for ovarian stimulation in unex-
plained infertility: no more than two follicles >14 mm
(105) or no more than three or four follicles >10 mm (106,
107). In addition, recent data stress the need for taking into
account the overall number of follicles, and cycle cancella-
tion may be considered in the presence of more than three fol-
licles >14 mm. It should be noted that the definition of
a monofollicular cycle has usually been a single follicle of
R16 mm without any information on the number of smaller
follicles, except in the study by Leader (108), which defined
a cycle as monoovulatory when a single follicle of R16 mm
was present with no other follicle R12 mm. Measurements of
circulating estradiol levels have been used to cancel ovulation
induction cycles using gonadotropins (due to overresponse or
underresponse) or to adjust the dose of gonadotropins used
either upward or, more frequently, downward to minimize
the risk of multiple pregnancies or OHSS. Although specific
normative cut-offs vary, in 2006 the Practice Committee of
the ASRM suggested that caution was indicated when a rap-
idly rising serum estradiol levels or an estradiol concentration
in excess of 2500 pg/mL was present during gonadotropin
ovulation induction (109). However, in other studies (106,
107), the cut-off estradiol concentration was much lower, be-
low 1000 pg/mL, which seems to be more realistic according
to the number of growing follicles.

It would seem prudent to withhold hCG administration in the
presence of more than two follicles R16 mm or more than one
follicle R16 mm and two additional follicles R14 mm, to min-
imize the risk of multiple pregnancies in women with PCOS un-
der the age of 38 without any other infertility factors.

Efficacy

Overall, low-dose regimens result in a monofollicular ovula-
tion rate of approximately 70%, a pregnancy rate of 20%, and
a multiple live birth rate of 5.7% (103). Correspondingly,
there is a low incidence of multiple pregnancies (<6%) and
OHSS (<1%) (67, 80, 110, 111). These results compare fa-
vorably to the unacceptable high risk of multiple follicular
development, multiple pregnancies (36%), and severe
OHSS (4.6%) reported for conventional dose protocols
(112). For a summary of clinical outcomes, see Table 3 (113).
ted to PCOS Vol. 89, No. 3, March 2008



TABLE 3
Comparison of ovarian response and clinical outcomes in low-dose step-up and step-down protocols
for gonadotropin ovulation induction.

Low-dose step-up Step-down

Hamilton-Fairley
et al., 1991

Hull et al.,
1991

Balen et al.,
1994

van Santbrink
et al., 1995

Number of patients 100 144 103 82
Number of cycles 401 459 603 234
Duration treatment (days) 14 NR NR 11
Ampules per cycle 19 NR NR 14
Ovulation rate (%) 72 74 68 91
Monofollicular cycles

% of ovulatory cycles 73 NR NR 62
% of all started cycles 55 NR NR 56

Pregnancy rate (%)
Per started cycle 11 11 14 16
Per ovulatory cycle 16 15 20 17

Cumulative pregnancy rate (%) 55 NR 73 47
Multiple pregnancy rate (%) 4 11 18 8
Ongoing singleton

pregnancy rate (%)
7 10 9 12

OHSS rate (%) 1 NR 1 2

Note: NR, not recorded. Cited Studies: Hamilton-Fairley et al. (111), Hull et al. (164), Balen et al. (165), Van Santbrink et al. (80).
Source: Fauser and Macklon, in Strauss JF, Barbieri RL, eds. Yen and Jaffe’s reproductive endocrinology. Philadelphia:

Elsevier Saunders, 2004:965–1012. Used with permission.
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A prospective follow-up study involving 240 women
showed a favorable cumulative singleton live-birth rate of
72% after the combined analysis of ovulation induction using
CC medication as first-line and exogenous gonadotropins as
second-line treatment (36) (Fig. 3).

Summary Points

� The recommended starting dose of gonadotropin is
37.5–50.0 IU/day.

� Adherence to a 14-day starting period at least for the first
cycle is less likely to result in excessive stimulation.

� Small FSH dose increments of 50% of the initial or pre-
vious FSH dose are less likely to result in excessive
stimulation.

� The duration of gonadotropin therapy generally should
not exceed six ovulatory cycles.

� Low-dose FSH protocols are effective in achieving ovu-
lation in women with PCOS, but further refinement is
needed to better control the safety of these regimens.

� Intense ovarian response monitoring is required to re-
duce complications and secure efficiency.

� Strict cycle cancellation criteria should be agreed upon
with the patient before therapy is started.

� Preventing all multiple pregnancies and OHSS is not
possible at this time.
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� The significantly higher hyperstimulation rate, the asso-
ciated risk of multiple pregnancies, and the additional
inconvenience and cost of concomitant GnRH agonist
administration, in the absence of documented increases
in pregnancy success, do not currently justify the routine
use of GnRH agonists during ovulation induction with
gonadotropins in women with PCOS.

LAPAROSCOPIC OVARIAN SURGERY

Surgical approaches to ovulation induction have developed
from the traditional wedge resection to modern day minimal
access techniques, usually employing laparoscopic ovarian
diathermy or laser. Multiple ovarian puncture performed ei-
ther by diathermy or by laser is known as ‘‘ovarian drilling’’
(114).

Indications for Laparoscopic Ovarian Surgery

The main indication for performing laparoscopic ovarian
surgery (LOS) is CC resistance in women with anovulatory
PCOS. The surgery also may be recommended for patients
who persistently hypersecrete LH, either during natural cy-
cles or in response to CC, because it may reduce LH secre-
tion. In addition, LOS may be useful in anovulatory women
with PCOS who need laparoscopic assessment of their pelvis
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or who live too far away from the hospital for the intensive
monitoring required during gonadotropin therapy.

Extensive ovarian diathermy is not indicated to prevent hy-
perresponsiveness to exogenous gonadotropins (115). In ad-
dition, ovarian surgery has been suggested for nonfertility
indications such as management of menstrual irregularity
or hyperandrogenism. Because of the inherent risks of sur-
gery and the lack of long-term evidence from RCTs, surgery
cannot be recommended in these circumstances (116).

Methods and Dose

Commonly employed methods for LOS include monopolar
electrocautery (diathermy) and laser. There does not appear
to be a difference in outcomes between the two modalities
(117). Ovarian surgery may also be performed transvaginally
by hydrolaparoscopy (118), but no large RCTs are yet available.

There are many variables in the potential for response after
LOS, including the anthropometric characteristics of the pa-
tients and ovarian morphology. It has been proposed that the
degree of thermal stromal damage should be determined by
the size of the ovary (119).

There is no evidence that any surgical technique is supe-
rior, but as few as four punctures have been shown to be ef-
fective. Most investigators use between 4 and 10 punctures;
more punctures have been associated with premature ovarian
failure (120–122). As in all surgical procedures, an important
issue of successful outcome is the expertise of the surgeon.
There are no data regarding repeated application of LOS,
and such use should not be encouraged.

FIGURE 3

Cumulative pregnancy rate resulting in singleton
live birth of a consecutive series of 240
normogonadotrophic anovulatory infertile women
undergoing classic ovulation induction (clomiphene
citrate as first-line, followed by follicle-stimulating
hormone as second-line therapy). (Eijkemans
et al. Hum Reprod 2003;18:2357–62. Used
with permission.)
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Efficacy

In approximately 50% of LOS-treated women, adjuvant ther-
apy will be required. In these women, the addition of CC can
be considered after 12 weeks if no ovulation is detected
(123). The addition of FSH should be considered after
6 months (123). Five RCTs that compared the effectiveness
of LOS with that of gonadotropins for women with CC-
resistant PCOS did not show a difference in ongoing preg-
nancy rate or live-birth rate (117, 123–127) (Fig. 4a). In
one of these trials (123), if ovulatory cycles were not estab-
lished 8 weeks after surgery or the woman became anovula-
tory again, then CC was given in increasing doses. Multiple
pregnancy rates were significantly higher in the gonadotropin
arms of the five trials compared with LOS (odds ratio [OR])
0.13; 95% confidence interval [CI], 0.03–0.98) (Fig. 4b). On
the other hand, miscarriage rates did not differ between the
LOS group and gonadotropin-treated women (OR 0.61;
95% CI, 0.17–2.16). No cases of OHSS were observed in
either of the two most recent studies (123, 125).

Economic analyses of two RCTs suggest that LOS treat-
ment of women with CC-resistant PCOS resulted in reduced
direct and indirect costs. In the New Zealand study, the cost of
a live-birth was one-third lower with surgery; in the Nether-
lands study, the cost of a term pregnancy was estimated to be
22% lower (128, 129). Predictors of success have included
LH level >10 IU/L, normal BMI, and shorter duration of
infertility (12, 130, 131).

Safety

Immediate complications of the surgery are rare. Out of 778
cases of LOS, two cases with hemorrhage requiring laparot-
omy and one case with bowel perforation have been reported
(132). Long-term adverse events potentially include adhesion
formation and premature menopause. Only two second-look
laparoscopy studies have been done. In one study, out of 17
cases there were two with severe adhesion formation (133).
In a second study of eight patients, all of the women had ovar-
ian adhesions on second look after LOS despite the applica-
tion of an adhesion barrier to one ovary as part of a study
protocol (134). Premature ovarian failure is a concern with
ovarian drilling, especially when a large number of punctures
is used. However, long-term follow-up of women with PCOS
treated by LOS has been reassuring in this respect (135, 136).

Summary Points

� Laparoscopic ovarian surgery can achieve unifollicular
ovulation with no risk of OHSS or high-order multi-
ples.

� Intensive monitoring of follicular development is not re-
quired after LOS.

� Laparoscopic ovarian surgery is an alternative to gonad-
otropin therapy for CC-resistant anovulatory PCOS.

� The treatment is best suited to those for whom frequent
ultrasound monitoring is impractical.
ted to PCOS Vol. 89, No. 3, March 2008



FIGURE 4

Results from the meta-analysis of the randomized, controlled trials of laparoscopic ovarian surgery versus
gonadotropins for (a) live-birth rate and (b) multiple pregnancy rate. Notes: Test for heterogeneity: chi-square ¼
0.35, df ¼ 1 (P¼ .55), I2¼ 0%. Test for overall effect: Z ¼ 0.14 (P¼ .89). (Farquhar et al., Cochrane Database Syst
Rev 2007;3:CD001122. Copyright Cochrane Collaboration, reproduced with permission.)
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� Laparoscopic ovarian surgery is a single treatment using
existing equipment.

� The risks of surgery are minimal and include the risks of
laparoscopy, adhesion formation, and destruction of
normal ovarian tissue. Minimal damage should be
caused to the ovaries. Irrigation with an adhesion barrier
may be useful, but there is no evidence of efficacy from
prospective studies. Surgery should be performed by
appropriately trained personnel.

� Laparoscopic ovarian surgery should not be offered for
nonfertility indications.

ASSISTED REPRODUCTION TECHNIQUES:
IN VITRO FERTILIZATION

In principle, anovulation is not an indication for IVF. The log-
ical therapy for women with PCOS is induction of ovulation,
especially by CC administration, and in case of failure by
using exogenous gonadotropin therapy. The major compli-
Fertility and Sterility�
cation of ovulation induction is the 10% multiple pregnancy
rate, especially after the use of gonadotropin therapy. For this
reason use of gonadotropins may be questioned (137).

After failure of weight reduction, anti-estrogen therapy, or
LOS, it may be argued that induction of ovulation with exog-
enous gonadotropin therapy should be omitted and replaced
by ovarian stimulation and IVF (138). By using IVF with sin-
gle embryo transfer, the risk of multiple pregnancies is mark-
edly reduced (139, 140). In women with PCOS who do have
associated pathologies, IVF is indicated, such as in cases of
tubal damage, severe endometriosis, preimplantation genetic
diagnosis, and male factor infertility.

Protocols

Several stimulation protocols have been published for the
treatment of patients with PCOS undergoing IVF, including
CC associated with human menopausal gonadotropins
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(hMG) (141), hMG alone (142), recombinant FSH alone,
GnRH-agonist associated with hMG or recombinant FSH
(143), and GnRH-antagonist associated with hMG or re-
combinant FSH (143). Currently, the most standard protocol
is a long desensitization protocol associated with FSH.

Efficacy

In a recent meta-analysis (144), it was shown that the cycle can-
cellation rate is significantly increased in patients with PCOS
(12.8% versus 4.1%; OR 0.5; 95% CI, 0.2–1.0). Duration
of stimulation is significantly longer in patients with PCOS
(1.2 days; 95% CI, 0.9–1.5), even when the daily dose of
FSH is similar to that of women without PCOS. Significantly
more cumulus–oocyte complexes (2.9; 95% CI, 2.2–3.6)
were retrieved in women with PCOS, but the fertilization rates
were similar as compared with women without PCOS (Fig. 5).

Regarding the probability of pregnancy, the clinical preg-
nancy rate per started cycle was similar (z35%) between
PCOS and non-PCOS patients. The same was true for preg-
nancy rates per oocyte retrieval and embryo transfer. Specific
data on the success rates of single-embryo transfer in women
with PCOS are still lacking. There is some evidence that the
adjuvant use of metformin may enhance ongoing pregnancy
rates and reduce the incidence of OHSS (145).

Complications

The most important complication of ovarian stimulation is
OHSS. However, currently no solid data are present regard-
ing the occurrence of OHSS in women with PCOS undergo-
ing ovarian stimulation for IVF.

Summary Points

� In vitro fertilization is a reasonable option because the
number of multiple pregnancies can be kept to a mini-
mum by transferring fewer embryos.
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� The optimal stimulation protocol is still under debate.
� There is a need to perform further RCTs comparing FSH

stimulation protocols with use of GnRH agonists versus
GnRH antagonists.

� It is reassuring that in the published data the pregnancy
rates in women with and without PCOS are similar. This
observation suggests that implantation is not compro-
mised in PCOS.

� The increase in the cycle cancellation rate in women
with PCOS appears to be due to absent or limited ovar-
ian response or due to increased OHSS.

ASSISTED REPRODUCTION TECHNIQUES:
OVULATION INDUCTION AND HOMOLOGOUS
ARTIFICIAL INSEMINATION

Indications

Currently, there are no RCTs conducted in women with
PCOS comparing the pregnancy rates of intrauterine insemi-
nation (IUI) versus timed intercourse during ovulation induc-
tion. Because subfertility in women with PCOS is mainly due
to anovulation, induction of ovulation is the main treatment
for women with PCOS. Due to the fact that IUI has been
shown to significantly improve the probability of conception
when compared with timed intercourse in couples with sub-
fertility attributed to male factor infertility (146), it appears
reasonable to combine induction of ovulation with IUI in
women with PCOS if there is an associated male factor. In
women with PCOS who failed to conceive despite successful
induction of ovulation, IUI may also be considered.

Protocol

Because many women with PCOS are very sensitive to the
use of ovulation induction agents, careful monitoring is es-
sential to reduce the risk of OHSS and multiple pregnancies
(147), also in combination with IUI. An additional approach
FIGURE 5

Main findings of clinical IVF outcomes in women with polycystic ovary syndrome compared with matched
controls. (Heijnen et al., Hum Reprod Update 2006;12:13–21. Used with permission.)
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is to perform transvaginal ultrasound-guided aspiration of the
supernumerary follicles (148).

Semen preparation is necessary before IUI, but there is in-
sufficient evidence to recommend any specific preparation
technique. Double insemination did not show any significant
benefits in pregnancy rate over single IUI (149).

Efficacy

Only limited studies on the results of ovarian stimulation and
IUI in women with PCOS are available (150–152). The clin-
ical pregnancy rates per cycle ranged from 11% to 20% and
the multiple pregnancy rates ranged from 11% to 36%. How-
ever, there was inadequate information on the singleton
live-birth rates or high multiple pregnancy rates.

Complications and Side Effects

The theoretic risk of pelvic infection has not been reported. In
view of the paucity of data on the use of ovarian stimulation
and IUI in women with PCOS, further studies are necessary
in this category of patients.

Summary Points

� Induction of ovulation in combination with IUI is indi-
cated in women with PCOS and associated male factor
infertility and may be proposed in women with PCOS
who fail to conceive despite successful induction of ovu-
lation.

� Currently, double insemination does not appear to
enhance the probability of pregnancy as compared with
single IUI.

GENERAL COMMENTS

Initial studies have shown that many features associated with
PCOS such as obesity, hyperandrogenemia, and polycystic
ovaries predict poor outcome of ovulation induction. Multi-
variate models have been developed predicting ovulation
and pregnancy after CC (35) and chances for success and
complications from use of gonadotropins (10, 153) and
LOS. These observations need to be confirmed in indepen-
dent patient populations. These approaches may eventually
result in more patient-tailored treatment algorithms in ovula-
tion induction. For instance, CC may not be the drug of first
choice in some women previously shown to have poor out-
comes after CC medication. Likewise, it may be possible to
identify women more suitable for gonadotropins or LOS as
second-line treatment. For some older women, IVF may rep-
resent the preferred treatment modality certainly under con-
ditions of low chances for multiple pregnancy in case
single-embryo transfer is performed.

Even singleton pregnancies after ovulation induction in
women with PCOS are characterized by more frequent
pregnancy complications (such as gestational diabetes, preg-
nancy-induced hypertension, and preeclampsia) and neonatal
Fertility and Sterility�
complications (such as preterm births and admission to neo-
natal intensive care units) (7) (Fig. 6). Women should be coun-
seled accordingly.

OVERALL CONCLUSIONS

� Evaluation of women with presumed PCOS desiring
pregnancy should exclude any other health issues in
the woman or infertility problems in the couple.

� Before any intervention is initiated, preconceptional
counseling should be provided emphasizing the impor-
tance of lifestyle, especially weight reduction and exer-
cise in overweight women, smoking, and alcohol
consumption.

� The recommended first-line treatment for ovulation in-
duction remains the anti-estrogen CC.

� Recommended second-line intervention should CC fail
to result in pregnancy is either exogenous gonadotropins
or LOS. Both have distinct advantages and drawbacks.
The choice should be made on an individual basis.
The use of exogenous gonadotropins is associated
with increased chances for multiple pregnancy, so in-
tense monitoring of ovarian response is required. Lapa-
roscopic ovarian surgery is usually effective in less than
50% of women, and additional ovulation induction is
required under those circumstances.

� Overall, ovulation induction (representing the CC–
gonadotropin paradigm) is reported to be highly effec-
tive, with a cumulative singleton live-birth rate of 72%.

� Recommended third-line treatment is IVF because this
treatment is effective in women with PCOS. Data con-
cerning the use of single-embryo transfer in (young)
women with PCOS undergoing IVF, which significantly
reduces the chance of multiple pregnancies, are awaited.

FIGURE 6

Odds ratio for the incidence of perinatal mortality in
babies from women with polycystic ovary syndrome
versus controls. Notes: Test for heterogeneity: chi-
square ¼ 2.38, df ¼ 3 (P¼ .50), I2 ¼ 0%. Test for
overall effect: Z ¼ 2.01 (P¼ .04). (Boomsma et al.,
Hum Reprod Update 2006;12:673–83. Used with
permission.) Cited Studies: Urman et al. (158),
Fridstrom et al. (159), Mikola et al. (160), Weerakiet
et al. (161), Sir-Peterman et al. (162).
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� More patient-tailored approaches should be developed
for ovulation induction based on initial screening char-
acteristics of women with PCOS. Such approaches
may result in deviation from the above mentioned
first-line, second-line, or third-line ovulation strategies
in well-defined subsets of patients.

� Metformin use in PCOS should be restricted to women
with glucose intolerance. Based on recent data available
in the literature, the routine use of this drug in ovulation
induction is not recommended.

� Insufficient evidence is currently available to recom-
mend the clinical use of aromatase inhibitors for routine
ovulation induction.

� Even singleton pregnancies in PCOS are associated with
increased health risk for both the mother and the fetus.
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