Review

Problems and Complications During the Treatment of Infertility in
Women with Polycystic Ovary Syndrome

Miiberra NAMLI KALEM!, Ziya KALEM2, Timur GURGAN?

Ankara, Turkey

ABSTRACT

Polycystic ovary syndrome (PCOS) is the most frequent endocrine disorder existing in women in their
reproductive years and it is one of the most evaluated and discussed subjects of reproductive medicine

with regard to its diagnosis and treatment.

Patients with PCOS constitute the most difficult population in the management of infertility. The factors
that increase the success rates in the treatment of PCOS infertility are: pretreatment changes in life
style, dietetic and psychological support, a detailed evaluation of the couple and the appropriate selec-
tion of the treatment protocol, a wide-spectrum approach to maintaining ovarian and endometrial syn-
chronization in the management of the cycle, and well-developed laboratory conditions to support em-
bryonic quality. However, even if these conditions are provided, OHSS, cancellations of the cycle, poor
oocyte, and embryo qualities, unsuccessful fertilization and implantation, chromosomal abnormalities

and early losses may still be experienced.
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Introduction

PCOS is areproductive disorder that occurs in adolescence
with anovulation and hyperandrogenemia, and related signs of
menstrual disorders, hirsutism, acne, and obesity. These are
associated with psychological problems, and infertility and, in
the advanced years, the risk of diabetes, cardiovascular dis-
eases and cancers of the reproductive system, also increase
(1). Furthermore, it is also accepted as a metabolic dysfunc-
tion that can affect women throughout their lives (2). PCOS is
the most frequent endocrine disorder existing in women in
their reproductive years (1), and it is one of the most evaluated
and discussed subjects of reproductive medicine with regard
to its diagnosis (3) and treatment (4).

According to the 2003 Rotterdam criteria, the diagnostic
properties of PCOS include oligo- anovulation, clinical and
biochemical hyperandrogenism and the polycystic appearance
of the ovaries in ultrasonography (3). Increased pulsatile
GnRH activity, resulting in high LH levels, hyperactivity in
the ovarian theca-stromal cells, and hypofunction in the inter-
action of FSH- granulosa cells, lead to endocrine abnormali-
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ties in PCOS, which result in ovarian androgen secretion,
pauses in follicular development, and the interruption or slow-
ing of the ovarian cyclic rhythm (4).

In the management of infertility in PCOS, assisted repro-
ductive techniques (ART) is a preferable treatment option (5).
Problems experienced in ART management, and the therapeu-
tic complications will be presented in this review.

Ovarian hyperstimulation syndrome is the main problem
in PCOS patients undergoing IVF. Incidences of OHSS are be-
tween 0.5% and 4% in the general IVF population, but it may
exceed 10% in PCOS IVF cases (6). OHSS is an iatrogenic
complication triggered by hCG. Early OHSS results from the
hyperresponsiveness of the ovarium to the hCG applied, or the
persistence of blood hCG levels; late OHSS is caused by the
endogenous hCG produced by the implanted embryo (7). The
following are responsible for the hCG and OHSS relation:
supraphysiological production of angiogenic VEGF released
from the follicles by the effect of hCG, and changes in the ex-
pressions of the VEGF receptors and modulators in the vessel
wall, leading to vascular hyperpermeability (8). The possible
mechanisms causing increased OHSS rates in the PCOS group
are the follicle and oocyte development increasing three-fold
in the same protocol compared with the normoovulatory pa-
tients (9), increased expression of VEGF mRNA in the hyper-
thecal stroma (10), increased ovarian size (11), decreased re-
sistance to blood flow in the stimulated ovaries (12), the
LH:FSH ratio greater than two, and the LH dominance, dam-
aging androgen conversion to estrogen and leading to an in-
creased tendency to OHSS (13).
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The etiology and pathophysiology of OHSS has not yet
been clarified, and thus empirical and symptomatic considera-
tions play a role in the treatment. The foremost goal in the
management of OHSS is prediction and prevention. Strategies
developed for this aim can be evaluated in three main groups:

1) Evaluation of risk factors that may predict OHSS

» Risk factors related with the patient:
High level of basal AMH (cut-off level 3.36 ng/mL) (13)
Increased number of antral follicles (more than 14) (14)
Lower age (<33 years) (13)
Previous OHSS history (15)

» Risk factors related with the ovarian response:
Number of follicles on the day of hCG administration
(more than 18 follicles greater than 11 mm) (14) and/or
High E2 level (higher than 5000 ng/mL) (16)
Increased VEGEF level (17)
Increased inhibin B level (18)

2) Selection of the suitable ovulation induction protocol prior
to stimulation
» Lowering of the gonadotropin dose and duration of admin-
istration
-Not to administer FSH on the day of hCG (19)
-Mild stimulation protocols (20)
» Using GnRH antagonist protocol (21,22)
* Not to use hCG for the support of luteal phase (23)
e In vitro maturation (IVM) (24)

3) Application of methods to prevent OHSS during stimula-
tion

e Cancellation of the cycle (25)

* Freezing of all embryos to be transferred in another cycle
(26)

» Coasting (27)

» Using low-dose hCG, GnRH agonist or recombinant LH
for trigger (28, 29, 30)

* Administration of antagonist, dopamine agonist or steroid
€1y

* Using albumin or IV volume expanders (31)

* Infusion of IV Ca-gluconate (32, 33)

It has due to the wide individual variations in responses to
gonadotropins, and different clinical experiences related to
the day of hCG administration, it is very difficult to optimize
the treatment protocol and its duration in the PCOS IVF cy-
cles. Various protocols have been experienced so far: a com-
bination of clomiphene and hMG, hMG, recombinant (r)
FSH, GnRH antagonist with hMG or rFSH have been the
most widely used protocols. The standard protocol has been
accepted as FSH associated with long-term desensitization
(4). However, the long protocol has been currently replaced
by the antagonist protocol. been an agreed rule not to admin-
ister FSH on the day of hCG; however, there is no available
study that directly investigates whether this application trig-
gers the OHSS, or not (7). Additional FSH was reported not to

exert a positive effect when follicular maturation is achieved
sufficiently enough for triggering ovulation, and it may even
affect the endometrial receptivity in a negative way (19).

In the mild stimulation protocol, FSH administration is de-
layed until the mid or late follicular phase. In this protocol,
patterns of the early natural cycle may be reflected onto the
treatment cycle, leading to the premature LH surge and can-
cellation of the cycle; GnRH antagonists may save the cycle in
this phase. Suppression with GnRH antagonists in mild stim-
ulation protocols may be helpful in the cycles with a high
OHSS risk (20).

Suppression with GnRH agonists in the treatment by go-
nadotropins increases the possibility of OHSS, since the pre-
treatment suppression of endogenous gonadotropins requires
higher doses of exogenous FSH for appropriate stimulation,
and the natural cohort is disordered due to pituitary down-reg-
ulation; this results in small antral follicles being included in
the cycle, instead of their atresia (7). In the antagonist cycles,
OHSS risk decreases via different mechanisms of the effect on
the pituitary and ovarian receptors, and thus rates of coasting
and cycle cancellation are lower compared with the agonist-
suppressed cycles (21,22).

In the luteal phase of the controlled ovarian hyperstimula-
tion protocols, high estrogen and progesterone levels cause
negative feedback on the pituitary, leading to decreased en-
dogenous LH levels and decreases in implantation success,
and thus luteal support is required (23). Administration of
progesterone instead of hCG for luteal support in the PCOS
groups with high risks of OHSS, are reported to decrease
OHSS rates without causing a change in the pregnancy rate or
the risk of early losses (24). Although the number of studies
available is not yet sufficient, intranasal use of GnRH ana-
logues in repetitive doses for luteal support is now being con-
sidered (25).

In vitro maturation (IVM) is a more comfortable method,
compared with conventional IVF cycles, requiring less exoge-
nous gonadotropins and minimal monitoring, and it possesses
fewer side effects and a lower OHSS risk (26). In this method,
oocytes are recruited from the small, unstimulated follicles in
the germinal vesicle phase, and they are matured in vitro in
culture media. This method was first developed to prevent
OHSS in PCOSs, and later studies have reported that this
method is both more reliable and simple but occurs with lower
pregnancy rates compared with conventional IVF (27).
Following the reported success of new GnRH antagonists and
GnRH- agonist trigger applications in decreasing the OHSS
rates, [IVM is no longer recommended for this indication (28).

Cancellation of the cycle is the most certain method in pre-
venting early OHSS (29). In cases of late OHSS, contracep-
tion must be strongly recommended to prevent a possible con-
ception even if the cycle has been cancelled in a patient due to
a high risk of OHSS.



Freezing the embryos and storing them to be transferred in
an unstimulated or less stimulated cycle, may protect the pa-
tient from a late OHSS, which is a more severe form; however,
the risk of early OHSS still exists because of hCG administra-
tion. In the patients without early OHSS symptoms, it is wise to
wait until the fifth day before making a decision, instead of
freezing the embryos early, and to make a single blastocyst
transfer if the OHSS symtomps still do not exist, or to freeze
them all if symtomps do exist, which has been recommended
by Papanikolau et al. (14). It is known that implantation rates of
frozen embryos are lower than those of the fresh embryos (30).

Coasting is delaying the gonadotropin administration and
hCG-stimulation till the high estradiol levels plateau or de-
crease in cases of excess follicular response to the ovarian
stimulation, and it is generally the first approach when hyper-
stimulation is detected (31). It is reported that it does not de-
crease the OHSS risk in patients at high risk, but it may de-
crease the severity of the symptoms (32). Studies related with
coasting are retrospective, and controlled randomized
prospective studies do not exist. There is only one compre-
hensive study describing coasting protocol in literature that is
the study of Mansour et al in 2005 (33). Pregnancy and im-
plantation rates are reported to decrease when the duration of
coasting exceeds four days (33,34).

Standard (10.000 IU) and low-dose (5.000 IU) hCG ad-
ministrations were compared in ovulation stimulation, and
low-dose hCG was reported to be used successfully without
damaging the clinical course (35), and to decrease the risk of
OHSS (36). The problem with low-dose hCG stimulation is
the increase in the number of cycle cancellations based on the
decrease in oocyte retrieval (37). Furthermore, the number of
controlled randomized studies in this respect is not sufficient.
Determination of a dose threshold that decreases the risk for
OHSS but does not prevent the oocyte maturation will in-
crease the use of this method.

The long-term use of GnRH agonists causes down-regula-
tion and desensitization of the receptors; however, their bolus
administration in the stimulated cycles leads to pituitary FSH
and LH releases similar to those seen in the natural cycle,
which trigger ovulation. GnRHa administration for triggering
ovulation minimizes OHSS risk, and does not cause a defect
in the oocyte maturation. Oocyte pick-up is recommended in
the 34" to 35" hours following the GnRHa administration
(38). Trigger with GnRHa is only applied in the GnRH antag-
onist protocol, and it causes luteal phase insufficiency, leading
to an increase in the early pregnancy losses (39).

Recombinant LH use for triggering ovulation, produces a
pattern similar to the natural LH peak, and it is therefore rec-
ommended (40). It occurs with considerably high reliability in
preventing OHSS, but it possesses low pregnancy rates, and
cost/ benefit ratios limit the use of this protocol (41).
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Agents like GnRH antagonists, dopamine agonists, [V al-
bumin or HES (hydroxy ethyl starch) are being tested to save
the cycles with increased E2 levels and high risk for OHSS.
There is no data strong enough to prove that these agents de-
crease the OHSS risk, and this subject requires controlled ran-
domized wide-spectrum studies (42).

Giirgan et al. (43) reported that intravenous calcium infu-
sion might prevent the development of OHSS by blocking the
renin-angiotensin system, and thus causing the VEGF levels
to decrease.

In the randomized and controlled double-blind studies of
El-Khayat and Elsadek (44). it was demonstrated that intra-
venous calcium treatment decreases the OHSS incidence
without decreasing the pregnancy rates

Oocyte-embryo qualities and deterioration of the

fertilization rates

A great number of oocytes are obtained in the IVF cycle
stimulation of PCOS cases; however, oocyte and embryo qual-
ities, fertilization rates, and cleavage and implantation rates
are low; what is more, rate of early pregnancy losses is high,
which is related with the increased risk of aneuploidy result-
ing from the damaged oocyte and embryo qualities (45).
Damaged oocyte maturation and insufficient embryonic de-
velopment in PCOS are related with the changes in intrafol-
licular microenvironment during the processes of folliculoge-
nesis, follicular growth and meiotic oocyte maturation, abnor-
mal endocrine and paracrine factors, and metabolic dysfunc-
tion. Clarification of the mechanisms of effects of these intra-
and extraovarian abnormalities in the granulosa-oocyte inter-
action, oocyte maturation, fertilization, embryonic develop-
ment and pregnancy in PCOS cases will help to optimize the
treatment protocols of these patients undergoing IVF, and to
increase the pregnancy rates (46).

FSH determines the viability in folliculogenesis; the bal-
ance between the normal growth and atresia of the follicles is
also maintained and determined by FSH. Antral follicles in
the ovaries start to gain sensitivity to FSH when they are 2
mm to 5 mm in size, and slowly developing follicle gains aro-
matase activity when it is 6 mm to 8§ mm in size, and thus
gains the potential to increase E2 level (47). FSH levels drop
in the late follicular phase with the simultaneous increases in
E2 and inhibin. Finally, only one strong and fully matured fol-
licle is selected for ovulation. At the end of the Iuteal phase,
FSH increases slightly so that the subsequent ovulatory cycle
can be initiated (48). FSH levels are lower in PCOS cases
compared with the normal cycle, which results in the accu-
mulation of antral follicles in 2 mm to 8 mm in sizes. The in-
creased number of small follicles leads to premature arrest in
most of them and the selection of the dominant follicle can-
not be achieved (49). However in many studies, oocytes
picked-up in PCOS cases were determined to be normal in
development, and their ovaries were reported to have the po-
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tential for fertilization; the pregnancy rates were also similar
to those of the normal ovaries (50).

E2 levels are high in the IVF cycles of the cases with
PCOS. Oocytes picked-up in the PCOS IVF cycles were re-
ported to be great in numbers, but high-quality oocytes were
reported to be insufficient. These cycles occur with low blas-
tocyst formation rates, and high embryonic fragmantation
rates; they also possess low rates of fertilization and implanta-
tion (51). High E2 levels in the PCOS cases may lead to de-
fects in oocyte maturation and embryonic development (52).
Development of the immature oocytes with IVM application
is a potential and useful choice of treatment in the PCOS in-
fertility. Minimal or mild stimulation has also been applied
with FSH before ovum pick-up as an alternative approach
(53). Oocytes obtained immaturely due to low FSH levels will
develop once the cumulus cell and oocyte interaction is
achieved with extrinsic FSH (54). Although there are studies
reporting the IVM results in PCOS comparable with those of
the conventional IVF, current studies have demonstrated that
IVM causes damage in the oocyte chromosomal configuration
in the PCOS (55).

Tonic hypersecretion of LH occurs in the follicular phase
in the natural cycles of the PCOS women. Hypersecretion of
LH in the folliculogenesis induces atresia of the small antral
follicles and the premature luteinization of the granulosa cells,
leading to disordered granulosa cell functions, which results in
the suppression of the oocyte maturation inhibitors, and thus
causes premature maturation of the oocytes. Oocyte matura-
tion disordered by the high LH in this way, results in low fer-
tilization rate, low-quality embryos, followed by low preg-
nancy rates and high rates of early losses (51,56). In addition,
LH activates premature meiotic development by damaging the
oocyte nucleus, and disordered endocrine control of the meio-
sis also damages the first polar body extrusion, which results
in the final damage of the oocyte chromosomal configuration.
This mechanism was also shown to play role in the develop-
ment of aneuploidy in the PCOS (45,57).

Androgen also increases in the follicular fluid in the PCOS
cases, as well as in the circulation, which is related with the
high LH levels, and it blocks follicular development, leading
to follicular arrest and degeneration (56). The mechanism of
testosterone activity in the oocyte is the exertion of negative
effects on the meiotic maturation because of decreased cal-
cium release, and inhibition of the oocyte cytoplasmic matu-
ration (58). Damaged folliculogenesis and development of en-
dometrial dysfunction because of the increased androgen level
in PCOS are reported to cause increased early pregnancy
losses (56).

Insulin resistance and compansatory hyperinsulinemia in
PCOS may lead to damaged oocyte development, decreased
rates of fertilization, embryonic development and implanta-
tion, and increased rates of pregnancy losses (51). Insulin may

cause oocyte postmaturation and thus may damage its quality
by increasing local androgen levels (51,59). There are studies
demonstrating that insulin-sensitizing agents decrease the rate
of pregnancy losses in PCOS by decreasing the insulin levels
(60). Defective glucose metabolism in the systemic level also
exists in the follicular and ovarian levels in PCOS. It is con-
sidered that follicle and oocyte energy metabolisms are corre-
lated with the oocyte maturation and embryonic quality (61).
Difficulties in glucose transport into the oocyte and follicular
cells, due to the defects in the glucose transport systems, in-
duce the alternative energy pathways, which utilize free fatty
acids, amino acids and ketone bodies (62). These compensat-
ing mechanisms lead to the different biomolecules in the fol-
licular fluid to occur in altered levels. Follicular fluid is com-
posed of plasma components that cross the follicular barrier,
and it is modified by the secretory activity of the granulosa
and theca cells. Changes in serum metabolites and the selec-
tive fitler activity of the granulosa cells play role in the meta-
bolic changes in the follicular fluid. Follicular fluid includes
important metabolites for the oocyte growth and development,
and it reflects oocyte quality and embryo viability. Therefore,
sufficient compensation maintains a high oocyte and embryo
quality (63).

Intraovarian and extraovarian factors function in associa-
tion with each other in the folliculogenesis. In oogenesis, the
effects of intraovarian factors especially existing in the follic-
ular fluid are predominant. Disrupted balance in these extrao-
varian and intraovarian factors in the PCOS leads to develop-
mental insufficiency in the follicle and oocyte, and thus affects
fertilization and embryonic development negatively (46).

EGF (epidermal growth factor) exists in the follicular fluid
in the normal oogenesis, and it stimulates cumulus expansion
and facilitates cytoplasmic maturation (64). However, a nega-
tive correlation exists between the oocyte and embryo quali-
ties and increased follicular fluid EGF levels (65). Follicular
fluid EGF levels are higher than normal in cases with PCOS,
and EGF blocks antral follicular growth and causes follicular
arrest by inhibiting estrogen synthesis in the granulosa cells in
PCOS (66).

IGF (insulin-like growth factor) I-II and IGFBP (IGF-
binding protein) possess important regulatory functions in the
ovarian follicular development. There are various studies re-
lated with the increased insulin concentration and changes of
IGF expression in PCOS; however, the role of IGFs in the
pathogenesis of PCOS has not yet been completely clarified.
Follicular fluid IGF-1 level was found to be high, and IGF-II
and IGFBP-1 levels were found to be low in the PCOS, and
the low IGFBP-1 was identified as being related with the fol-
licular arrest in PCOS (66). IGF1, II and IGFBP-3 levels in the
mature follicles in PCOS were shown to be similar with those
of the normoovulatory women, but decreased IGF-1 level in
the immature follicles during ovulation induction was found
to be related with the follicular maturation block (67).



Ongoing studies suggest the relations of FGF (fibroblast
growth factor) and NGF (neurotrophin growth factor) with the
oocyte and embryonic sufficiency; however, their roles in the
pathogenesis of PCOS, and the level of blockade they cause
have not yet been exactly ascertained (66,68).

The TGF-B (transforming growth factor-beta) family in-
cludes members that have important biological roles in the fol-
liculogenesis and oogenesis, as follows: AMH (anti mullerian
hormone), activin, inhibins, follistatin, BMP-9 (bone mor-
phogenic protein), and GDF-9 (growth differentiation factor).
TGF-B family members may play role in the PCOS patho-
genesis by inducing or blocking the follicular growth and/or
granulosa-oocyte complex differentiation, in different physio-
logical conditions (46,56). High AMH levels in the serum and
follicular fluid were found to be closely related with the in-
creased antral follicle development and arrest of follicular de-
velopment in PCOS (69). Increased AMH levels were shown
to be directly correlated with the increased androgen and LH
levels, and to cause disruption of the oocyte developmental
sufficiency and embryonic quality (70). In another study, in-
creased AMH was shown to disrupt oocyte quality and matu-
ration by an unknown mechanism, but not to affect pregnancy
rates (71). On the contrary, it was reported in the same period
in another study that the rates of fertilization, implantation,
and clinical pregnancy were higher in the group with high
AMH level (72). It is recommended to use serum and follicu-
lar fluid AMH levels only in the predictivity of OHSS, but not
in the predictivity of pregnancy in the IVF applications (73).

VEGF (vascular endothelial growth factor) plays impor-
tant roles in the follicular vascularization, intrafollicular oxy-
genation, and thus the follicular maturation, oocyte quality,
fertilization, and the sufficient embryonic development (74).
Serum and follicular fluid VEGF levels in the normoovula-
tory women are correlated with a good ovarian response, in-
crease in the oocyte retrieval and the improved fertilization
and pregnancy rates; being contrary, elevated follicular fluid
and serum VEGF levels are associated with a poor oocyte
quality and decreased pregnancy rates especially at advanced
ages. Increased follicular fluid VEGF levels in PCOS were
found to be closely correlated with the development of
OHSS, and high VEGF levels were shown to indicate imma-
ture oocyte and disordered fertilization (75). However the op-
posite results were obtained in another study, and increased
follicular fluid VEGF was determined to affect the oocyte
quality positively, and to increase retrieval of the MII oocytes
(76). A study group demonstrated increased follicular fluid
VEGEF in the ovaries exposed to prolonged hCG effect in the
PCOS patients, and they also showed increased oocyte and
embryonic qualities and improved fertilization rates (77);
after a couple of years, the same group showed decrease of
VEGF and E2 levels in the follicular fluid in the PCOS cases
following the administration of GnRH antagonist, and they
determined that this resulted in disordered follicular develop-
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ment, and decreased oocyte and embryonic qualities, com-
pared to the agonist-administered cycles (78).

A wide-spectrum of cytokine family consisting of such
factors as IL (interleukins), LIF (leukemia inhibitory factor),
TNF (tumor necrosis factor)-alpha, sFas (soluble Fas) and
sFasL (sFas ligand) may exert autocrine or paracrine effects
on the ovary, but they do not have endocrine effects (79).
Their presence in the follicular fluid indicates their production
in the granulosa cells, and they were shown to have roles in
the follicular maturation and the following embryonic devel-
opment (80). Cytokines were demonstrated to play a role in
the OHSS (81) and hyperandrogenism (82) in the PCOS cases;
however, controversial results were also obtained (83).
Increased interleukin and TNF values in the follicular fluid
were shown to be related with the disrupted oocyte matura-
tion, decreased fertilization rates and decreased embryonic
quality (79,83).

Multiple endocrine and metabolic disorders in PCOS may
potentially damage folliculogenesis, and oocyte maturation;
when the oocytes of the PCOS patients and normal individu-
als were compared, various differences in their contents were
also observed. MII oocytes recruited from the PCOS cases
possess changes in the meiosis- and mitosis-related genes,
genes related with the androgen receptor-binding site, and the
expression of the genes related with the selection of the pri-
mary follicle (84). Despite all these findings, there are also
meta-analyses demonstrating similar pregnancy rates in [VF
in patients with PCOS and in cases with normal ovaries (50);
this shows the ability of the PCOS patients to produce high-
quality oocytes. The general low-quality oocytes in PCOS
cases may be compensated by the increased number of em-
bryos obtained.

Oocyte quality is a fundamental requirement for embry-
onic development. In a study investigating the effect of PCOS
on the kinetics of early embryonic cleavage, using the time-
lapse visualization method (85), embryos obtained from the
hyperandrogenic PCOS cases were shown to develop at
slower rates from fertilization to the 8-cell stage, when com-
pared with the control group; no difference was detected in the
normo-androgenic PCOS cases. Mitochondria of the preim-
plantation embryo is only of maternal origin, since paternal
mitochondria is non-viable after the fertilization (86).
Therefore, the mitochondrial dysfunction in the oocyte was
considered to be responsible for the slowly developing early
embryo in the hyperandrogenic PCOS cases. The clinical sig-
nificance of this developmental difference is not yet known,
since fertilization and pregnancy rates were not determined in
this study.

Treatment strategies for improving the oocyte and embryo
qualities in PCOS are still being widely studied and discussed.
The addition of myo-inositol and chiro-inositol to the treat-
ment was shown to increase oocyte and embryo qualities with
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the regulation of insulin metabolism (87). However, when
used in the PCOS cases with a lack of insulin resistance, inos-
itol may damage ovarian response and oocyte quality in a
dose-dependent manner (88), and do not increase the rates of
clinical pregnancy (89); this subject is still under discussion
(90). The use of L-carnitine was shown to increase lipid con-
sumption in the follicle, and oocyte quality was improved
(91). Electroacupuncture may increase the oocyte and embryo
qualities in the PCOS by increasing the levels of stem cell fac-
tor (92). Cytoplasmic maturation and the following fertiliza-
tion and implantation rates may improve by adding melatonin,
an endogenous antioxidant, into the in vitro culture medium in
PCOS (93).

Autologous cumulus cell co-culture studies are promising
in increasing the oocyte and embryo qualities in the PCOS. It
has been determined that ratio of grade I embryos and blastu-
lation rates increased although oocyte retrieval and ratio of
MII oocytes did not differ, and the rates of fertilization and
clinical pregnancy also increased nonsignificantly in the
PCOS co-culture group, compared to the control group (94).

Deterioration of the endometrial receptivity and

implantation rates

Implantation is a priority for the maintenance of a suc-
cessful pregnancy. Embryo quality is an important indicator of
the implantation; however, transient differentiation of the uter-
ine cells to maintain uterine receptivity and synchronization
between the maternal and embryonic tissues are also funda-
mental requirements (95).

The major factor responsible for the infertility in PCOS is
considered to be the chronic anovulation; however, an increas-
ing number of data support the role of unsuccessful implanta-
tion in the PCOS infertility. Anovulation is problem that may
be dealt with by medical induction; however, implantation
rates are low and rates of early pregnancy losses are high in the
PCOS when compared with the fertile control groups (96).

Progesterone resistance exists in the endometria of the
PCOS cases at the level of gene expression; regulatory effect
of progesterone on the endometrium is insufficient or it is ab-
sent, and estrogen response is increased. This atypical decidu-
alization, developing as a result of abnormal estrogen and
progesterone interaction, is one of the reasons for PCOS sub-
fertility (97).

Steroid receptors and their coactivators also differ in
women with PCOS, compared with fertile controls. The ex-
pression of androgen receptors in the PCOS endometrium is
excessive, and down-regulation of the estrogen receptors is in-
sufficient during the implantation period (98). What is more,
estrogen activity of the endometrial cells in women with
PCOS is marked by the excessive expression of the steroid re-
ceptor coactivators AIB1 (nuclear receptor coactivator 3) and
TIF2 (transcriptional intermediary factor 2) (99).

Various studies have shown that disorders in the expres-
sion of the uterine receptivity markers (integrin, selectin, cad-
herin, glycodelin, osteopontin, mucin, HOXA 10, IGFBP-1)
exist in the PCOS. Expressions of the alphaVB3 integrin,
HOXA 10 and IGFBP-1 were shown to decrease in the secre-
tory phase in the ovulatory PCOS cases (100). In a study re-
viewing the results of the last ten years related to the adhesion
molecules and estrogen receptors, it was reported that the cell
adhesion molecule MUC1 (mucin) expression is high and the
alphaVB3 integrin expression is low, and also that expression
of estrogen receptor is increased in the PCOS cases compared
with healthy women. These results have led to the conclusion
that disordered regulation of these endometrial molecular me-
diators causes disordered endometrial receptivity, and thus
disrupted embryo implantation (101). Testosterone levels
were shown to decrease by HOXA-10 expression in in vitro
conditions, and androgen decrease was considered to improve
the endometrial receptivity. When the insulin level was de-
creased with metformin, serum glycodelin and IGFBP1 levels
were demonstrated to decrease and uterine vascularity and
blood flow were shown to increase in the luteal phase (102).

Endometrium is a target tissue for insulin, which acts dur-
ing the secretory phase via the insulin receptors that increase
with the effect of progesterone, or via the IGF receptors,
which are similar in structure (103). The IGF system, which is
composed of the IGF-1 and II, IGF receptors and IGFBPs, is
mitogenic for the endometrial cells, and it also regulates the
secretory functions of the stromal cells. They contribute to the
endometrial proliferation and development, and the implanta-
tion (104). In in vitro conditions, insulin inhibits the endome-
trial stromal production of the IGFBP-1, which is a decidual-
ization marker (105). It has been reported that this inhibition
is achieved via the PI3 (phosphatidyl inositol-3) kinase path-
way, mediated by the low insulin levels; in the presence of
high insulin doses, and MAPK (mitogen activated protein ki-
nase) pathway is activated. These observations have led to the
conclusions that insulin in physiological levels play a homeo-
static role in the endometrial energy metabolism, and that hy-
perinsulinemic status activates the cellular mitosis via the
MAPK pathway, thus leading to endometrial hyperplasia and
tendency for cancer. It is considerably difficult in in vivo con-
ditions to discriminate the effects of insulin on endometrium,
from those of androgen, since hyperandrogenism and hyperin-
sulinemia correlate positively in the anovulatory state (106).
Metabolic changes such as the glucose metabolism, which
regulates decidualization, hyperinsulinemia, and hyperandro-
genism in the obesity of PCOS cases, were shown to cause
disordered endometrial receptivity during implantation (107).

Changes in the endometrial leukocyte subpopulations, and
especially in the NK-cell ratios in the secretory phase of the
normal menstrual cycle, are steroid hormone-dependent, and
play important roles in the implantation and maintenance of
the pregnancy (96). Uterine NK-cells contribute to the prepa-



ration of a local immunosuppressive microenvironment for
implantation, by leading to expression of immunomodulatory
molecules. In the infertile PCOS group, disordered cytokine
balance in the secretory endometrium was shown to be asso-
ciated with the disordered endometrial lymphocyte pattern,
and especially disordered natural killer cell ratios. The disor-
dered expression of some receptivity markers such as gly-
codelin-A, which is expressed selectively by the uterine NK
cells in the secretory phase endometrium of the patients with
PCOS, was investigated (108). Endometrial immune system
defect during implantation contributes to the low reproductive
capacity existing in the patients with PCOS (109).

Hypercoagulability existing during the peri-implantation
phase in PCOS was considered to be one of the factors that
mostly affecting implantation success in PCOS, by causing
disordered endometrial microcirculation (110).

The effects of high E2 levels on embryonic implantation in
the stimulated cycle in PCOS are a matter of debate.
Moreover, in addition to the studies showing disrupted en-
dometrial receptivity and implantation by the elevated E2 lev-
els (111), there are also studies demonstrating that high E2
levels do not negatively affect the IVF results (112). A further
study has demonstrated that increased E2 levels exert a direct
toxic effect on the embryo during cleavage; in this study, late
embryo transfer was considered to minimize the negative ef-
fects of high E2 levels, by shortening the duration that the em-
bryo is exposed to high E2 during cleavage (113).

Rates of early pregnancy losses and repetitive pregnancy
losses are high in PCOS. In the patients without PCOS, but
with the history of unexplained and repetitive pregnancy
losses, high circulatory LH and free testosterone levels, low
luteal progesterone levels, and a slowly developing en-
dometrium were observed (96). Endometrial receptivity mark-
ers were also found to be low in these cases (100). Most of
these findings occur in those patients with PCOS that are
treated for infertility. Patients with high androgen levels were
shown to have higher rates of unsuccessful implantation and
early pregnancy losses, compared with the patients in the
same age interval, and to have similar weights and insulin lev-
els (114). In light of these data, it must be kept in mind that
patients with PCOS are also at increased risk of early preg-
nancy loss, and in the management of infertility, approaches
have to be planned to take this fact into consideration.

As a conclusion, patients with PCOS constitute the most
difficult population in the management of infertility. The fac-
tors that increase the success rates in the treatment of PCOS
infertility are: pretreatment changes in life style, dietetic and
psychological support, a detailed evaluation of the couple and
the appropriate selection of the treatment protocol, a wide-
spectrum approach to maintaining ovarian and endometrial
synchronization in the management of the cycle, and well-de-
veloped laboratory conditions to support embryonic quality.
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However, even if these conditions are provided, OHSS, can-
cellations of the cycle, poor oocyte, and embryo qualities, un-
successful fertilization and implantation, chromosomal abnor-
malities and early losses may still be experienced. In order to
overcome this problem of infertility, an experienced team with
a rigorous knowledge of the problem, supported by a high
level of technology is required. Tolerant collaboration from
this team and a cooperative couple are essential.
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