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Objective: To critically discuss the current protocols for the management of controlled ovarian hyperstimulation
in assisted reproduction technology.
Design: Review of the literature and presentation of our experience.
Main Outcome Measure(s): Ovarian response (peak serum estrogen levels, number of oocytes retrieved, quality
of oocytes and embryos) and pregnancy outcome (clinical, delivery, and multiple pregnancy rates).
Result(s): Controversies still exist regarding selection of gonadotropin preparation, choice of adjuvant therapy
with GnRH analogues, and use of oral contraceptive pills. Patients identified as intermediate responders have an
excellent outcome with adjuvant therapy with either a GnRH agonist (long protocol) or a GnRH antagonist, but
tailoring of gonadotropin dose must be performed to achieve optimized results. High responders perform
favorably with gentler gonadotropin stimulation that minimizes the occurrence of ovarian hyperstimulation
syndrome. On the other hand, results in low responders remain suboptimal both in terms of ovarian response and
oocyte/embryo quality in spite of a variety of stimulation regimens used.
Conclusion(s): Ovarian stimulation is a critical step in in vitro fertilization therapy. A variety of controlled
ovarian hyperstimulation regimens are available and efficacious, but individualization of management is essential
and depends on assessment of the ovarian reserve. Identification of the etiologies of poor ovarian response
constitutes a formidable challenge facing reproductive endocrinologists. (Fertil Steril� 2005;84:555–69. ©2005
by American Society for Reproductive Medicine.)
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t has been 26 years since the birth of Louise Brown in
ldham, England, and 23 years since the birth of Elizabeth
arr in Norfolk, Connecticut, the first two IVF babies born

n Europe and the United States, respectively. Current esti-
ates indicate that the birth of over a million babies is the

esult of IVF worldwide. In vitro fertilization has become an
stablished, highly efficient therapy for treating infertility,
nd childless couples with a variety of etiologic causes
female or male factor infertility, or combined) have bene-
tted from the increasing number of successes achieved by
dvanced reproductive technology (ART). Although the field
ontinues to evolve at a very rapid pace, ART practitioners
till face two major dilemmas: whether to continue to en-
ance conception rates, as approximately one in three em-
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ryo transfer cycles results in a live birth and approximately
0% to 30% of transferred embryos achieve implantation
1); and whether to decrease or eliminate multiple pregnan-
ies that result in severe obstetric and perinatal complica-
ions and remarkably increase the cost of the treatment.

The major goals of IVF therapy are: [1] to obtain multiple
ertilizable oocytes of good quality than can lead to diploid
ertilization and early embryo development; [2] to establish

single, healthy (euploid) pregnancy following embryo
ransfer to the uterine cavity; and [3] to cryopreserve excess
mbryos of good quality to optimize the total reproductive
otential (2, 3). Controlled ovarian hyperstimulation (COH)
s therefore a principal step of IVF therapy. Ovarian stimu-
ation regimens have undergone significant modifications;
mproved clinical experience and the availability of new
ormonal preparations and adjuvant therapies have resulted
n the development of new protocols. Here, we critically

ssess the current COH protocols via a selected review and
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iscussion of the available literature, the controversies, and
ur clinical experience.

VERALL MANAGEMENT OF COH FOR IVF
our concepts are crucial for an optimized clinical manage-
ent of COH for IVF: [1] the prospective identification of

he ovarian response; [2] the individualization of COH treat-
ent such that it is tailored to the recovery of a synchronous

ohort of mature oocytes; [3] the prevention of potential
omplications; and [4] the optimization of the total repro-
uctive potential by use of embryo cryopreservation tech-
ology.

rospective Identification of the Ovarian Response:
ssessment of the Ovarian Reserve
ones et al. (4, 5) pioneered the use of gonadotropins for
OH in IVF therapy. It was identified early that normally
ycling, ovulatory women who underwent gonadotropin
timulation fell into one of three response categories: high,
ntermediate, or low responders. Furthermore, the individu-
l’s response was similar on subsequent stimulation cycles
5). The response category was based on the assessment of
he resulting serum E2 curve (E2 pattern) and the consequent
ccompanying follicular response as monitored by ultra-
onography. Moreover, the patient’s response category and

2 pattern were correlated with the capacity to achieve a
regnancy following IVF and embryo transfer. Two decades
ater, and after the introduction of improved gonadotropin
reparations (urinary, highly purified, and later recombinant)
nd the use of adjuvant therapies such as GnRH agonists and
ntagonists, these concepts have remained intact and con-
inue to guide clinical management.

Identifying a patient’s ovarian response as high, interme-
iate, or low is essential to prospectively optimizing COH
rotocols and to diminishing the risk for complications such
s cycle cancellation due to inadequate response or, con-
ersely, development of ovarian hyperstimulation syndrome
OHSS). The ovarian response and the potential for concep-
ion of an IVF cycle can be determined with high accuracy
y the assessment of the ovarian reserve.

Muasher et al. (6) first reported that the measurement of
erum levels of FSH, LH, and E2 on day 3 of the basal cycle
as a predictor of COH response and IVF outcome. Subse-
uent studies established the clinical significance of defined
hresholds for such hormones in addition to their relationship
o the woman’s age, thus further defining the concept of
varian reserve (7–10).

Since then, many other tests have been introduced as
andidates for the examination of the ovarian reserve. Such
creening tests include the clomiphene citrate challenge test
CCCT) (11), GnRH test (6), GnRH agonist test (12), mea-
urement of serum inhibin B (13) and antimüllerian hormone

14), and ultrasound examination of basal cycle ovarian c

556 Arslan et al. Ovarian stimulation and IVF
olume, antral follicle count, and ovarian stromal blood flow
15–17).

Recently, a meta-analysis compared the positive and neg-
tive predictive value of basal serum FSH levels and the
esults of the CCCT for achieving a pregnancy in a popula-
ion of infertility patients undergoing ovulation induction,
ntrauterine insemination therapy (IUI), or IVF (18). Results
emonstrated that both tests have a high positive predictive
alue and the same ability to predict a clinical pregnancy.
he study concluded that measuring basal cycle day-3 FSH

evels is preferred over the CCCT because it is simpler and
ore cost effective. In our program, the determination of

asal cycle day-3 FSH, LH, and E2 levels is the preferred
creening test for ovarian reserve in all patients.

ndividualization of Treatment. We apply several general
anagement concepts in our program. [1] We mimic phys-

ology by administering a higher FSH dose in the early
ollicular phase (during the follicle recruitment phase). [2]

e monitor serum E2 levels and follicular development by
ltrasound frequently, and continue stimulation using a step-
own gonadotropin regimen, as selected codominant folli-
les achieve a relative degree of gonadotropin independence,
nd growth is maintained by the action of E2 and other local
varian factors (5, 19). [3] We administer the ovulation
riggering dose of hCG when the leading follicles achieve

17 mm in diameter. [4] We perform a transvaginal ultra-
ound–guided harvest of the oocytes 34 to 35 hours after
CG administration.

Hodgen et al. (20) demonstrated in the cycling primate
odel that a step-down gonadotropin regimen resulted in
ore synchronous ovulations than a step-up protocol. Clin-

cal experience has confirmed that this is the regimen of
hoice for IVF in ovulatory women. In anovulatory women,
here the aim is to induce ovulation for timed intercourse or

UI therapy, starting with a low gonadotropin dose and
rogressing in a step-up fashion can lead to the achievement
f a monofollicular ovulatory response. However, there are
xceptions to the use of a step-down gonadotropin protocol
n IVF. For example, atypical patients may not respond
dequately to the initially chosen gonadotropin dose during
he early follicular phase but will progress adequately after
he gonadotropin amount is increased. We have observed
uch cases in association with an unexpectedly high degree
f ovarian suppression in cycles down-regulated with a
nRH agonist or using oral contraceptives (OCs). In addi-

ion, patients in whom a GnRH antagonist was used may
eed gonadotropin support to be maintained at the onset of
he antagonist administration.

revention of Potential Complications. Ovarian hyper-
timulation syndrome (OHSS), a potentially lethal iatrogenic
ondition characterized by increased capillary permeability
nd a shift of intravascular fluid to extravascular spaces, can
ead to hemoconcentration, coagulation disorders, and pul-
onary embolism. Its incidence is 0.6% to 14% of ART
ycles (21). The prospective identification of patients at risk
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s essential to preventing or minimizing the development of
he full syndrome.

Elevated E2 levels at the time of hCG administration and
elease of certain cytokines are likely involved in the patho-
enesis of OHSS (22). Navot et al. (23) identified the com-
on characteristics of women prone to developing OHSS,
hich include younger age (�35 years), a lean body mass,

nd/or the presence of polycystic ovary syndrome (PCOS) or
CO-like ovaries. Careful consideration of the gonadotropin
tarting dose is crucial to prevent OHSS while aiming to
ecover an acceptable cohort of mature oocytes. Critical
alues of E2 that trigger the syndrome are under debate and
iffer for ART (�4,000 pg/mL) and conventional ovulation
nduction methods (�1,700 pg/mL), possibly as a reflection
f the patient’s physiologic background and pretreatment
varian suppression (23). Because hCG is the only known
riggering factor for development of OHSS, the method of
hoice for reducing the risk in patients with E2 above certain
ritical values (24) has been withdrawing gonadotropins and
ostponing hCG administration (“coasting”). The concept of
ithholding gonadotropins before hCG administration was

nitially introduced by Jones et al. (19, 25) in an effort to
nvestigate the effect of the FSH/hMG/hCG interval on preg-
ancy outcome. A recent report from the Cochrane library
ndicated that there is insufficient evidence to determine
hether coasting is an effective strategy for preventing
HSS (26). Nevertheless, it has been suggested that, when
sed to prevent OHSS, the coasting period should last �4
ays to achieve optimal pregnancy results (27). Another
lternative is the substitution of hCG by shorter acting com-
ounds like a GnRH agonist (28). Cryopreservation of all
mbryos has also been proposed as an option, although
ontroversial results have been published about its outcome
nd cost-efficiency (29).

Because multiple pregnancies have significantly higher
erinatal mortality and morbidity than single births, multiple
estation pregnancy should be viewed as the other major
omplication of COH and ART. There is also a significant
conomic impact associated with multiple pregnancies (30).
lthough efforts to reduce multiple pregnancies have been

ntroduced in the clinical IVF setting, its occurrence contin-
es to be high (31). The incidence of multiple pregnancies
an be reduced or eliminated through two strategies. [1]
ecreasing the number of embryos transferred requires ex-

ensive work on improved culture conditions (32) and de-
elopment of noninvasive methods to optimize the selection
f the most viable embryos with highest implantation poten-
ial (33). Single embryo transfer in selected populations has
esulted in acceptable pregnancy rates (34). Gardner et al.
35) noted that single blastocyst transfer in a highly selected
opulation achieved excellent pregnancy rates. [2] Increas-
ng the efficiency of implantation should follow the identi-
cation of embryonic and endometrial factors that establish

nd regulate the window of implantation (36). t

ertility and Sterility�
ptimization of the Total Reproductive Potential by Use of
mbryo Cryopreservation Technology. Embryo cryopreser-
ation represents another remarkable achievement in ART. It
rovides multiple advantages including [1] the possibility of
nseminating all retrieved mature oocytes without the need to
iscard any embryos; [2] limiting the number of embryos
ransferred to reduce the incidence of multiple pregnancy;
3] enhancing couples’ chances of pregnancy by allowing
ultiple transfers originating from a single stimulated cycle

thereby optimizing their total reproductive potential); [4]
iding in the clinical management of OHSS; and [5] provid-
ng a valid, ethical means for evaluation of alternative re-
earch protocols (37).

We have performed embryo freezing at different phases of
evelopment, including pronuclear, cleaving, and blastocyst
tages. Freezing-thawing procedures, cycle monitoring, and
rogrammed protocols (estrogen/progesterone supplementa-
ion) have been published earlier (38–40). The delivery rate
er transfer in our embryo cryopreservation program (initi-
ted in 1986, in place to December 2003) in 2,793 cycles
ith embryo freezing and 10,573 thawed embryos was 22%

overall clinical pregnancy rate of 28%). The survival rate of
mbryos cryopreserved at various developmental stages was
imilar, pronuclear 69%, cleaving 68%, and blastocyst 62%,
s was the implantation rate of 14%, 13%, and 19%, respec-
ively (37). Similar results have been achieved when em-
ryos were frozen in gonadotropin-stimulated cycles in com-
ination with a GnRH agonist or GnRH antagonist (37, 41).
e have observed no impact on outcome from the oocyte/

mbryo micromanipulation techniques and transfer protocols
sed (37). However, other investigators have demonstrated
hat zona pellucida manipulation has a negative impact on
mbryo cryosurvival and pregnancy rates (42).

The total reproductive potential is the true expression of
regnancy potential after a single cycle of stimulation (2, 3).
t can be calculated using a model that includes the number
f pregnancies arising from the transfer of fresh embryos
lone and the number of pregnancies arising from subse-
uent transfer(s) of cryopreserved-thawed embryos. This is a
ruly patient-specific pregnancy that demonstrates the role of
ryoaugmentation in the overall conception potential after
ne IVF cycle.

ORMONAL PREPARATIONS AND REGIMEN
LTERNATIVES
onadotropins are the fundamental agents used in ovulation

timulation. The combination of GnRH agonist pituitary
uppression and exogenous gonadotropins in ART protocols
as resulted in significant beneficial effects. These include:
1] improvement in the stimulation of follicular development
nd in the quality of developing oocytes; [2] prevention of a
remature LH release; [3] decrease in cancellation rates; and
4] an overall improvement in the total reproductive poten-

ial (43, 44).
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The first gonadotropin used was the urinary product hMG
ontaining equal amounts of FSH and LH. Later on, purified
nd highly purified urinary FSH preparations came onto the
arket, the latter having �0.1 IU LH and �5% copurified

roteins. Recombinant FSH, devoid of LH activity and with
1% copurified proteins, was introduced in the mid-1990s.

ince then, many studies have compared the impact of
ecombinant and urinary FSH types containing variable
mounts of LH activity in COH and demonstrated diverging
esults.

The ideal way to compare clinical results after the use of
rinary and recombinant FSH preparations is to perform
rospective, randomized, multicenter studies in homoge-
eous groups of patients. There are several studies in the
iterature fulfilling those criteria (45–54). Out et al. (45)
ompared recombinant FSH with urinary FSH and con-
luded that the recombinant hormone was more effective at
nducing multifollicular development and in achieving an
ngoing pregnancy than the urinary preparation. Bergh et al.
46) found that recombinant FSH was more effective than
ighly purified urinary FSH at inducing multiple follicular
evelopment. Frydman et al. (49) reported a higher mean
umber of oocytes retrieved and lower dose of FSH used
ith recombinant preparations. On the other hand, the preg-
ancy rates were comparable with both types of gonadotro-
ins used. Ng et al. (51) did not find any difference in
regnany or implantation rates between recombinant FSH
nd hMG groups. Gerli et al. (54) evaluated the efficiency
nd cost-effectiveness of recombinant and urinary FSH in
VF cycles and reported no difference in terms of follicular
evelopment, length of stimulation, or pregnancy and deliv-
ry rates.

There are also limited data related to the use of recombi-
ant FSH in poor responders. Raga et al. (55) and De Placido
t al. (56) reported improved results with recombinant FSH
hen compared with urinary FSH for the number of oocytes

etrieved and pregnancy rates in poor responders. Gleicher et
l. (57) discussed an age-specific difference in response to
ecombinant and urinary gonadotropins and proposed that
ery young (�34 years) or very old (�41 years) women with
oor response benefited more from recombinant FSH.

In spite of the results of such prospective randomized
tudies, a difference between recombinant and urinary FSH
as not been completely demonstrated, especially for ongo-
ng pregnancy rates. Two meta-analyses showed slightly
ncreased pregnancy rates with recombinant FSH in IVF
ycles compared with urinary products (58, 59). On the other
and, Agarwal et al. (60) could not find any difference in
heir meta-analysis (60). Recently, van Wely et al. (61)
eported higher clinical pregnancy rates with the use of hMG
ompared with recombinant FSH. These conflicting results
re probably related to the main shortcomings of meta-
nalysis, which allows postrandomization manipulations and
nderestimation of some of the covariables in the included

tudies, such as gonadotropin dose, type of urinary FSH, s

558 Arslan et al. Ovarian stimulation and IVF
riteria for hCG administration, day of embryo transfer,
nd/or endometrial thickness at the time of embryo transfer
62).

After identification of LH effects during the follicular
hase of stimulated cycles (63, 64) and the presentation of
he “LH ceiling effect hypothesis” by Hiller (65), new clin-
cal studies emerged reevaluating the effect of LH on ovu-
ation stimulation protocols in ovulatory and anovulatory
omen. The role of exogenous LH during ovarian stimula-

ion in normogonadotropic women down-regulated or not
ith a GnRH agonist has been a matter of considerable
ebate. Controversy exists as to the addition of LH to re-
ombinant FSH to optimize COH results (66–69). The need
or LH supplementation is not questioned in the case of
atients with hypogonadotropic hypogonadism undergoing
vulation induction. Treatment of such profoundly hypogo-
adotropic women with FSH-only regimens results in re-
uced folliculogenesis and reduced levels of serum estrogen.
n such cases, the addition of LH enhances E2 secretion,
ollicle development, and the chances of achieving term
regnancy (70).

In normogonadotropic women, on the other hand, the
dministration of a GnRH agonist results in a variable level
f suppression of pituitary gonadotropin secretion that de-
ends on the type, dose, and mode of administration of the
nalogue. It is estimated that the amount of residual endog-
nous LH present during GnRH agonist pituitary suppres-
ion may be sufficient in most clinical cases to achieve
dequate follicular maturation during ovarian stimulation
ith pure FSH. Nevertheless, it is also possible that in some

ases GnRH down-regulation may result in profound sup-
ression of LH concentrations with an adverse effect on
teroidogenesis or oocyte quality, thus having an impact on
VF outcome. Such cases might benefit from preparations
ontaining LH. “Threshold” and “ceiling” levels for LH
therapeutic window) have been proposed below which E2

roduction is not adequate and above which LH may be
etrimental to follicular development (69). Tesarik and Men-
oza (71) have presented strong evidence in favor of this
ypothesis.

In a retrospective study, we recently demonstrated that the
easured suppressed serum LH levels during the early and

ate follicular phases in women �40 years of age with
ormal ovarian function desensitized with GnRH agonist
nd treated with recombinant FSH were not predictive of
varian response to stimulation or pregnancy (72). The con-
entrations of residual endogenous LH present after GnRH
gonist pituitary suppression with the regimen we employed
ertainly appeared to be sufficient to achieve adequate fol-
icular maturation during ovarian stimulation with recombi-
ant FSH. Therefore, our data do not support the need for
xogenous LH supplementation in this clinical scenario.

In our early experience with the purified gonadotropin
reparations, we demonstrated an equivalent ovarian re-

ponse and IVF outcome when comparing urinary FSH

Vol. 84, No. 3, September 2005



a
F
w
u
a
o
s
s
p
h
m
i
e
t
s
f

t
a
s
p
a
h
a

w
r
e
a
d
t
w
c
n
e
I
w
t
l

a
t
a
t
L
o
s
(
r
r
i
r
f
n
8

i
g
t
t
o
a
a
t
w
a
c
G
r
G
e
g
o
d
o
o
n
f
F

e
a
p
t
r
s
G
G
D
i
a
p
t
i
N
n

(
I
o
t
b
a
G
i
O
i
b
f
G

F

nd hMG used in combination with a GnRH agonist (73).
urthermore, we reported that an improved oocyte quality
as obtained with urinary FSH alone compared with
rinary FSH/hMG combinations (74). More recently, Bal-
sch et al. (75) reported on adverse effects of hMG on
ocyte and embryo quality in agonist-suppressed cycles
timulated with recombinant FSH. We have also retro-
pectively compared recombinant FSH and urinary FSH
reparations (recombinant FSH vs. urinary FSH and
ighly purified urinary FSH) in their capacity to induce
ultifollicular development and in their impact on IVF/

ntracytoplasmic sperm injection outcome in different cat-
gories of ovarian responders (76). Results demonstrated
hat, using the long GnRH agonist protocol or luteal
uppression, all FSH preparations were equally effective
or inducing multifollicular development.

Consequently, we agree with Shoham (69) that most pa-
ients treated with pituitary down-regulation will respond
dequately to recombinant FSH alone and that probably a
mall group of patients who exhibit profound pituitary sup-
ression benefit from exogenous LH support. In such cases,
ddition of LH by recombinant LH, micro-doses of urinary
CG, or hMG appear to provide enough support for an
dequate folliculogenesis (66).

The use of recombinant LH was introduced in women
ith hypogonadotrophic hypogonadism in combination with

ecombinant FSH to facilitate folliculogenesis (70, 77). Laml
t al. (78) reported the beneficial effect of recombinant LH
dministration in women with low LH concentration after
own-regulation in the cancelled cycle and low response to
he GnRH-agonist long protocol with FSH. Such results
ere supported by the study of De Placido et al. (79). On the

ontrary, in a prospective randomized study with a small
umber of patients, Balasch et al. (80) found a detrimental
ffect of recombinant LH addition on number of metaphase
I oocytes retrieved and fertilization rate in patients treated
ith conventional IVF. Further studies are needed to inves-

igate the value of recombinant LH administration during the
ate stages of follicular maturation.

The relatively recent incorporation of GnRH antagonists
s adjuvants to COH has provided an efficient alternative for
he management of COH. Gonadotropin-releasing hormone
ntagonists cause a prompt decrease in gonadotropin secre-
ion, and they are now widely used to prevent a premature
H surge (81). They can be used either in a single high-dose
r in multiple low-dose regimens. These compounds are
tarted either on day 6 or day 7 of gonadotropin stimulation
fixed regimen) or on the day when the dominant follicle
eaches a certain diameter (typically �14 mm) (flexible
egimen). Although Kolibianakis et al. (82) reported higher
mplantation and pregnancy rates with a fixed regimen, two
ecently published prospective and randomized studies
ound similar results when comparing both protocols for the
umber of retrieved oocytes and clinical pregnancy rates (83,

4). T

ertility and Sterility�
Overall, the benefits of GnRH antagonists appear to
nclude simplification of the protocol and reduced use of
onadotropin ampules. Multicenter, randomized, prospec-
ive studies comparing GnRH agonist and antagonist
reatment found that the length of stimulation and number
f gonadotropin ampules administered were lower in the
ntagonist group. Although patients receiving the GnRH
ntagonist had the lower number of oocytes and embryos,
he percentage of mature oocytes and fertilization rates
ere similar in both groups (85– 87). However, in a meta-

nalysis composed of five randomized controlled studies
omparing GnRH agonist protocols with fixed regimen
nRH antagonist protocols, Al-Inany and Aboulghar (88)

eported significantly lower clinical pregnancy rates in the
nRH antagonist group in spite of the transfer of an

quivalent number of good quality embryos in both
roups. Moreover, increasing the dose of FSH on the day
f GnRH antagonist administration in the flexible regimen
id not result in an improvement in the number of the
ocytes retrieved or in the pregnancy rates (89). Retrieval
f a lower number of oocytes with use of GnRH antago-
ists could compromise the total reproductive potential, as
ewer embryos might be available for cryopreservation.
urther studies are needed to clarify this point.

Improved pregnancy rates were reported in poor respond-
rs treated with a GnRH antagonist compared with a GnRH
gonist (long protocol) treatment (90). In addition, in a
rospectively designed study, Akman et al. (91) concluded
hat the addition of a GnRH antagonist might benefit poor
esponders. Fasouliotis et al. (92) performed a retrospective
tudy comparing a GnRH antagonist with the micro-flare
nRH agonist in poor responders and concluded that the
nRH antagonist resulted in a higher pregnancy rate.
ragisic et al. (93) reported lower cancellation rates and

mproved IVF outcome via a combination of estrogen ther-
py and GnRH antagonist started in the midluteal phase the
receding menstrual cycle. This is an interesting maneuver
o suppress early follicular recruitment that typically occurs
n the late luteal phase in patients with premenopausal status.
evertheless, larger prospective randomized studies are
eeded to verify those results.

It has also been shown that the use of an oral contraceptive
OC) in the previous cycle may increase pregnancy rates in
VF (94). Because OCs have a putative role in enhancement
f estrogen receptor sensitization due to their estrogen con-
ent, in addition to exerting pituitary suppression, they have
een used in combination with GnRH agonists (95). Biljan et
l. (96) reported that pituitary suppression with OC and a
nRH agonist was superior to GnRH agonist alone regard-

ng pregnancy outcome. Because of these promising effects,
Cs have also been used in poor responders. However, there

s only one retrospective study evaluating the actual contri-
ution of OC in this group of patients. Lindheim et al. (97)
ound higher pregnancy rates with OC alone compared with
nRH agonist–treated cycles (both long and flare protocols).

hey concluded that the good outcome associated with OC

559
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retreatment might reflect production or alterations of local
varian growth factors and/or changes at the endometrial
evel.

Although urinary hCG has been the traditional compound
sed to trigger final follicular/oocyte maturation, novel al-
ernatives have been proposed. A newly developed recom-
inant hCG (250 �g) was compared with urinary hCG
5,000 IU) in two prospective, double-blind, randomized
tudies (98, 99). The studies did not show significant differ-
nces between groups in the number of mature oocytes
ecovered, number of fertilized oocytes, number of embryos
btained, pregnancy rates, or incidence of OHSS. Serum
CG and progesterone concentrations were found to be
igher in the post-hCG period in the recombinant group.

Recently, the European Recombinant LH Study Group
ublished a prospective, dose-defining, comparative study in
atients undergoing IVF (100). All patients underwent a long
nRH agonist protocol for pituitary suppression. After ovar-

an stimulation with recombinant FSH, different single or
ultiple doses of recombinant LH were applied and com-

ared with 5,000 IU urinary hCG in inducing final follicular
aturation and luteinization. The investigators found signif-

cantly lower OHSS in the single-dose recombinant LH
rotocol. There were no differences in the number of oocytes
etrieved per follicle �10 mm, number of embryos, or preg-
ancy rates. More randomized studies and experience are
equired to clarify potential advantages of recombinant LH

FIGURE 1

Clinical pregnancy rates per transfer and average nu
2003 in our program (3-year intervals).

Arslan. Ovarian stimulation and IVF. Fertil Steril 2005.
ver conventionally used urinary hCG. S

560 Arslan et al. Ovarian stimulation and IVF
ANAGEMENT OF COH PROTOCOLS ACCORDING TO
HE INDIVIDUAL’S PREDICTED OVARIAN RESPONSE
ince its inception in 1981 and up to December 2003, our
RT program has performed 12,532 IVF cycles; 3,010 ba-
ies have been born, with 73% of deliveries being single-
ons, 23% twins, 3% triplets, and �1% quadruplets, for an
verall multiple pregnancy rate per delivery of 27%. This
elivery rate excludes multiple pregnancies that miscarried
nd/or were subjected to selective reduction.

Throughout the world, IVF results have improved. An
verall assessment of our own results in intermediate and
igh responders for the years 1995 through 2003 shows a
teady increase in clinical pregnancies (Fig. 1). This is prob-
bly multifactorial and the result of improved hormonal
reparations, optimized culture conditions, and modifica-
ions in embryo transfer technique (such as the use of a soft
atheter and transabdominal ultrasound guidance). It is im-
ortant to note that the increased pregnancy rates have been
chieved while decreasing the number of embryos trans-
erred (from an average of 3.8 to 2.6 embryos) (see Fig. 1).
his has followed an effort to reduce multiple pregnancies.

In this section, we present COH protocols and IVF results
rom the last 5-year period in our program (1999–2003).
uring that period, a total of 805 couples underwent 993 IVF

ycles; the patients presented in the following infertility
ategories: tubal (40%), male factor (32%), endometriosis
15%), idiopathic (5%), ovulatory (3%), and other (5%).

r of embryos transferred per cycle from 1995 to
mbe
erum gonadotropins and E2 levels were measured with a
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icroparticle enzyme immunoassay (101). Leuprolide ace-
ate was the GnRH agonist, and ganirelix was the GnRH
ntagonist used throughout the period. Recombinant FSH
as the preparation of choice. However, and according to
atients’ history and other characteristics as well as moni-
oring of the ovarian response, hMG was incorporated into
ome protocols. Human chorionic gonadotropin (hCG
0,000 IU IM) or recombinant hCG (0.250 mg SC) were
sed to trigger ovulation, and supplementation of the luteal
hase was performed with vaginal micronized progesterone
600 mg daily). For the most part, embryo transfers were
erformed on day 3 under transabdominal ultrasound guid-
nce (102). Results are presented as mean � standard devi-
tion.

Overall, the mean number of mature oocytes retrieved
metaphase II oocytes) was 10 to 5, and the mean number of
mbryos transferred was 3 to 0.9. The overall clinical preg-
ancy rate per transfer was 41%, and the delivery rate was
1% (implantation rate of 19% and miscarriage rate of 21%).
he overall incidence of multiple pregnancies was 35%. This

s still a high incidence, although, of all conceptions, 29%
ere twin pregnancies and 6% were triplets.

The implemented change in embryo transfer policy men-

FIGURE 2

Incidence of multiple pregnancies during the last 5-y
decrease in multiple pregnancies (P�.02) was associ
triplets (not statistically significant).

Arslan. Ovarian stimulation and IVF. Fertil Steril 2005.
ioned above has lead to a moderate decrease in the incidence 2

ertility and Sterility�
f multiple conceptions. Figure 2 presents the incidence of
ultiple pregnancies (clinical pregnancies defined as con-

eption confirmed by ultrasound visualization of gestational
ac) throughout the period under scrutiny. As can be ob-
erved, the total (P�.02), twin (P�.05) and triplet (lower
ut not significant) multiple pregnancy rates have steadily
eclined through the period under analysis. Such decline was
arallel to the reduction in the number of embryos trans-
erred (see Figs. 1, 2). Nevertheless, substantial work is
eeded to further decrease or eliminate the occurrence of this
omplication.

anagement of Intermediate Responders
ntermediate responders were prospectively identified as
hose patients having a normal FSH/LH ratio and a normal
varian volume with an adequate number of antral follicles.
uch women were stimulated with a combination of a GnRH
gonist (long protocol, luteal suppression) and recombinant
SH (n � 372 cycles). Subcutaneous leuprolide acetate was
tarted on day 21 of the preceding luteal phase at the dose of
.5 mg/d and decreased to 0.25 mg/d at menses. Recombi-
ant FSH was initiated on day 3 of the menstrual cycle (after
nRH agonist down-regulation) at the daily starting dose of

period (1999 to 2003) in our program. An overall
with a decreased occurrence of twins (P�.05) and
ear
ated
25–300 IU/d. The dose was then adjusted in an individu-
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lized fashion using a step-down protocol while monitoring
erum E2 levels and follicular development and growth by
ransvaginal ultrasonography.

A group of intermediate responders was allocated to a dif-
erent protocol (nonrandomized) using a GnRH antagonist in a
exible regimen. In such cases, patients were pretreated with an
C for 3 weeks (a combination of 0.03 mg of ethinyl estradiol

nd 0.15 mg of desogestrel) from day 1 to 21 of the preceding
ycle followed by menses and initiation of recombinant FSH on
ay 3 at the dose of 225–300 IU/d. The GnRH antagonist was
ommenced when the leading follicle reached 14 mm in diam-
ter (0.250 mg/d). The gonadotropin dose was maintained (and
ot stepped down) during the days of GnRH antagonist admin-
stration. Results in this subgroup of patients (n � 45 cycles) in
erms of COH response and pregnancy outcome were similar to
he GnRH agonist-treated patients and were therefore combined
or data presentation.

Table 1 presents the results of all intermediate respond-

TABLE 1
In vitro fertilization results in intermediate and hi
(1999–2003).

No. of cycles
Age (y)
Basal day 3 FSH (IU/L)
Basal day 3 LH (IU/L)a

Basal day E2 (pg/mL)
Peak serum E2 (pg/mL)
Day of hCGa

No. of ampules FSH
No. of ampules hMG

No. of mature oocytes
Fertilization rate (%)
No. of embryos transferred
Clinical pregnancy rate/

transfer (%)
Delivery rate/transfer (%)
Miscarriage rate (%)
Implantation rate (%)b

Percentage of cycles with
freezing

Cryo clinical pregnancy
rate/transfer (%)

Cryo implantation rate (%)c

a P�.001.
b P�.05.
c P�.01.

Arslan. Ovarian stimulation and IVF. Fertil Steril 2005.
rs (n � 417 cycles). Patients achieved a moderate aver- t

562 Arslan et al. Ovarian stimulation and IVF
ge peak level of serum E2 of 2,809 pg/mL and used an
verage of 27 ampules of FSH (75 IU per ampule). The
linical pregnancy rate per transfer was 53%, and the
mplantation rate was 25%. Forty-eight percent of these
ycles had extra embryos that were cryopreserved, and the
linical pregnancy rate in thawed cycles was 43%. The
roup of intermediate responders demonstrated a total
eproductive potential of 65%.

anagement of High Responders
igh responders were prospectively identified as those pa-

ients with PCOS or PCO-like features with either a high
H/FSH ratio or a multifollicular ovarian appearance. They
ere allocated to a GnRH agonist down-regulation protocol

luteal suppression) and recombinant FSH. Subcutaneous
euprolide acetate was started on day 21 of the preceding
uteal phase at the dose of 0.5 mg/d and decreased to 0.25
g/d at menses. Recombinant FSH was initiated on day 3 of

esponders during the last 5-year period

rmediate
ponders

High
responders

417 108
2 � 3 31 � 2
8 � 3.3 6.9 � 3.4
3 � 3.7 8.9 � 4.0
0 � 20 48 � 21
9 � 1,400 3,141 � 1,800
1 � 1.6 13.2 � 1.7
7 � 7 27 � 8
1 � 6 9 � 6
� 61) (n � 7)

2 � 6 13 � 7
83 81

9 � 0.7 2.6 � 0.6
53 61

43 39
18 35
25 35
48 51

43 44

19 26
gh r

Inte
res

3
5.
5.
5

2,80
12.

2
1
(n
1

2.
he menstrual cycle (after GnRH-agonist down-regulation) at
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he daily starting dose of 150 IU/d. The dose was then
djusted in an individualized fashion using a step-down
rotocol while monitoring serum E2 levels and follicular
evelopment and growth by transvaginal ultrasonography. In
he more severe cases of PCOS, an overlapping OC/GnRH
gonist protocol was used before gonadotropin initiation.
he OC was administered on day 1 of the preceding cycle up

o day 7, and overlapped with the GnRH agonist for a week
days 7 to 14); then the OC was stopped while the GnRH
gonist continued (103).

The results of the patients that were prospectively catego-
ized as high responders (n � 108 cycles) are shown in Table
. Compared with the intermediate responders and as ex-
ected, the group of high responders showed an elevated and
tatistically significant higher LH/FSH ratio (P�.01). The
eak serum E2 levels and number of mature oocytes were
lightly higher (although not statistically significant) in the
igh responders. This is a reflection of management aimed to
void OHSS. There was a trend for a higher clinical preg-
ancy, and the implantation rate was statistically signifi-
antly higher (P�.05) in the high responder group compared
ith the intermediate responders. However, there was a
igher miscarriage rate (although not statistically significant,
nd probably due to the small sample size) in the high
esponder group, leading to similar delivery rates between
he two groups.

It has been the policy of our program to aim at preventing
he potentially severe complication of OHSS by adequately
dentifying patients at risk and by allocating them to this
gentler” stimulation regimen. In spite of this, a subgroup of
atients may still develop an excessive number of follicles
ith achievement of very high E2 levels. In this situation,
ne or a combination of the following measures were taken:
1] withdraw of gonadotropin support or “coasting” (imple-
ented when E2 levels achieved critical levels, typically

round 5,000 pg/mL); [2] decrease the ovulatory dose of
CG in half (23); and [3] cryopreservation of all embryos to
void transfer during the stimulated cycle. In the period
nder study, the incidence of OHSS for all cycles was only
%, the majority of cases being mild or moderate. These
atients were managed in an ambulatory fashion with fluid
ntake recommendation and early paracentesis as appropri-
te. There was only one case of severe hyperstimulation that
equired hospitalization, intravenous fluid replacement, re-
eated paracentesis, and heparin administration due to pul-
onary embolism. The patient fully recovered and delivered

ealthy twins. In our experience, cryopreservation of all
mbryos at the pronuclear stage in such cases does not
liminate the syndrome, but the chances of pregnancy are
xcellent in subsequent transfer cycles of frozen-thawed
mbryos (40).

A few studies have shown an association between high
erum LH levels as seen in women with PCOS and an
ncreased incidence of miscarriage (104). Stanger and Yov-

ch (105) found a significant reduction in the fertilization rate r

ertility and Sterility�
f mature oocytes in patients whose basal serum LH values
ere high. We have recently presented evidence that
ealthy, ovulatory oocyte donors with a relatively high se-
um level of LH on day 3 of the basal cycle of more than 9
I/L had a significantly higher risk of miscarriage in the

ecipient population (likelihood ratio 4.3). This pointed to a
egative effect on oocyte quality due to chronic elevation of
erum LH levels (101).

Stadtmauer et al. (106) reviewed the data supporting the
ffect of metformin on improving hyperandrogenemia and
yperinsulinemia in PCOS patients. Published data support
hat metformin can benefit PCOS patients undergoing go-
adotropin therapy and IVF as well as ovulation induction. It
as been shown that metformin facilitated FSH stimulation
nd led to more mature oocytes and higher quality embryos
nd improved pregnancy rates in IVF (107). A recent ran-
omized, prospective study of metformin treatment before
VF/intracytoplasmic sperm injection in PCOS showed no
mprovement of clinical outcomes except for the subgroup of
atients with normal weight where pregnancy rate was
igher (108).

anagement of Low Responders
he definition of poor response has differed widely in the

iterature and has included the woman’s age, basal hormonal
tatus (high FSH), previous cancellation, and/or a poor re-
ponse in a previous cycle with more than four oocytes
etrieved and/or a peak serum E2 level �500 pg/mL (90,
09–111). Notwithstanding definition inconsistencies, this
roup of women has the poorest prognosis for COH results
nd IVF pregnancy outcome.

Multiple COH strategies have been implemented in this
roup of challenging patients. They have included: high FSH
oses (112), clomiphene citrate and hMG (113), micro-flare
ith a GnRH agonist (114), flare GnRH agonist protocol

115–117), stop-GnRH agonist protocol (118), growth hor-
one (119), and use of GnRH antagonists (91). Reassess-
ent of natural cycle IVF has been suggested as an alterna-

ive approach in this group of patients (120). This variety of
rotocols reflects a high within-group variability, a probably
ultifactorial origin but more importantly, an overall com-

romised outcome.

In our program, low responders were prospectively iden-
ified as patients with one or more of the following charac-
eristics: high basal cycle day 3 FSH (�10 mIU/mL) or E2

evels (�90 pg/mL), advanced age (�37 years), and/or low
varian volume and/or a reduced number of antral follicles.
f the patient had a previous IVF attempt, allocation to this
esponse group required a previous cycle with a peak serum

2 of �900 pg/mL, and/or retrieval of less than five mature
ocytes, and/or previous cancellation due to inadequate fol-
iculogenesis (fewer than four dominant follicles after 6 days
f gonadotropin stimulation). Using such definition, low

esponders constitute a very large proportion of our patient
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opulation. In fact, 47% of cycles performed during 1999 to
003 were low responders. It is important to consider that
here are poor responders �37 years of age and even with a
ormal basal FSH and E2 levels; some of these patients can
e identified upon basal ultrasound assessment of ovarian
olume and antral follicle count. Other patients can be iden-
ified by an abnormal response to the CCCT (121) and
ccasionally by a high basal day 3 FSH/LH ratio (122, 123).

limited ovarian reserve with fewer developing follicles
nd low E2 production characterize the response to COH.
ccasionally, a low ovarian reserve is secondary to age,
revious ovarian surgery, severe endometriosis, and/or pel-
ic adhesive disease, or ovarian failure due to an immuno-
ogic origin, but in others it remains unexplained.

More importantly, oocyte quality may be compromised in
his group of women. Advanced maternal age is clearly
ssociated with oocyte aneuploidy (124). We have described
nomalies of the zona pellucida in oocytes recovered from
oor responders (125). Such anomalies were characterized
y an abnormal protein backbone as measured with specific
nti-ZP3 antibodies. Other cytoplasmic abnormalities can
lso be present. Although the true pathogenesis of the poor
varian response is unknown in a proportion of cases, it
ppears that this is a heterogeneous group of patients with
ntrinsic and/or stimulation-derived defects leading to a de-
ned poor responder phenotype.

During the period under study, we have stimulated low
esponders (n � 468 cycles) with one of three protocols.
atients were allocated to treatment in a nonrandomized
ashion and according to the treating physician’s preference
or a given protocol. One of the regimens consisted of the
top GnRH agonist protocol (118). Here, the luteal phase-
nitiated GnRH agonist (0.5 mg/d) was terminated at the
nset of menses, and recombinant FSH was initiated at the
igh dose of 450 IU/d. Other low responders were stimulated
ith a high FSH dose with either a micro-flare GnRH

gonist or a GnRH antagonist protocol. For both protocols,
atients were pretreated with OCs for 3 weeks and gonado-
ropins were initiated after 4 days of the last active pill. In the
icro-flare regimen, the GnRH agonist was started on day 2

t the dose of 40 �g twice daily and continued until hCG
dministration. Recombinant FSH was initiated on day 5 at
he dose of 450 IU daily. For the GnRH antagonist flexible
egimen, recombinant FSH (also 450 IU daily) was started
n day 3 and the antagonist commenced when the leading
ollicle was 14 mm in diameter. In many of these patients,
MG was added to the stimulation. In some cases, the total
onadotropin dose of 450 IU was divided into 300 IU of
ecombinant FSH and 150 IU of hMG; in others, hMG
75–150 IU) was added at the time of GnRH antagonist
nitiation.

Table 2 presents the results of all three protocols. As can
e observed, the stop GnRH agonist protocol resulted in a
iscreetly higher number of mature oocytes retrieved (al-

hough not statistically significantly different from the other i

564 Arslan et al. Ovarian stimulation and IVF
wo protocols) and a statistically significant higher delivery
ate. This may reflect the nonrandomized allocation of pa-
ients with slightly better prognosis to this particular protocol
i.e., lower proportion of patients �40 years and lower
umber of previous canceled cycles compared with the other
wo regimens) rather than to a more suitable regimen for
oor responders. The micro-flare and GnRH antagonist treat-
ents resulted in a lower number of recombinant FSH am-

ules being used, but hMG was added in approximately 50%
f those cycles. The delivery rates ranged from 12% to 27%
nd only 18% to 37% of the cycles resulted in extra embryos
hat were cryopreserved. The actual total reproductive po-
ential for all low responders ranged from 23% to 40%. As
xpected, the total reproductive potential of low responders
as statistically significantly lower (P�.01) than the total

eproductive potential of intermediate and high responders.

To better compare the micro-flare GnRH agonist and the
nRH antagonist protocols, we analyzed a subset of patients

n � 52 and n � 64 patients, respectively) undergoing their
rst IVF stimulation attempt who were matched by age and
asal hormonal levels. In this retrospective comparison of
ore homogeneous groups, we did not observe any differ-

nce in COH response (not shown) or pregnancy success
clinical pregnancy rate/transfer of 20% and 22%, for the
icro-flare and GnRH antagonist protocols, respectively).

We also retrospectively analyzed the impact of pretreat-
ent with OCs on the outcome of poor responders stimu-

ated with a GnRH agonist micro-flare protocol. A total of 84
atients were studied (nonrandomized), 71 receiving OCs
nd 23 not receiving OC treatment before the micro-flare
nitiation. There were no statistically significant differences
n COH results or pregnancy outcome, except for a slight but
tatistically significant higher percentage of metaphase II
ocytes recovered in the OC group. We were interested in
he comparison of basal FSH, LH, and E2 levels before and
fter OC treatment (on the previous basal cycle day 3 and on
ay 3 after OC-induced menses). We found a variable re-
ponse; some patients were suppressed after OCs as deter-
ined by low gonadotropin and E2 levels, but others showed
paradoxically elevated FSH. However, using logistic re-

ression analysis, we could not demonstrate any statistical
orrelation between FSH changes (�FSH) and the parame-
ers of COH response, pregnancy, implantation, or miscar-
iage rates (not shown).

ONCLUSIONS AND FUTURE PROSPECTS
e have reviewed the current status of COH protocols and

resented our recent experience and results obtained during
he last 5-year period. We critically analyzed the extensive
iterature within this context. We presented patients’ man-
gement and outcome according to the prospectively identi-
ed ovarian response. As a consequence of the diagnostic
creening, each patient was allocated to a COH protocol in a
redetermined fashion, and their management was tailored

ndividually. The use of recombinant FSH in combination

Vol. 84, No. 3, September 2005
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ith either a GnRH agonist (luteal suppression) or a GnRH
ntagonist resulted in a high pregnancy rate and optimization
f the total reproductive potential in intermediate responders.
igh responders also had a favorable and similar outcome
sing an OC/GnRH agonist overlap regimen or a GnRH
gonist protocol in combination with recombinant FSH. On
he other hand, poor responders achieved much lower suc-
ess rates irrespective of the chosen regimen, which con-
isted of high-dose gonadotropins in combination with a
nRH micro-flare protocol, a GnRH antagonist, or a stop
nRH agonist protocol.

Fine-tuning of COH can be performed presently with the
vailable battery of hormonal preparations and adjuvant
herapies. In addition, new developments in the horizon may
ring novel alternatives including more bioactive gonadotro-
in agonists with effects of variable duration (126). How-
ver, controversies still exist in the clinical setting. The
ebate continues on the addition of LH to cycles stimulated
ith a combination of GnRH agonist and recombinant FSH;
GnRH agonist suppression protocol, such as the one we

ave described, appears not to be needed for a successful
utcome in intermediate and high responders. Conversely,

TABLE 2
In vitro fertilization results in low responders dur

Type of protocol
Stop GnRH

agonist

No. of cycles 245
Age (y) 37.1 � 3.6
Basal day 3 FSH (IU/L) 7.5 � 2.6
Basal day 3 LH (IU/L) 4.8 � 2.1
Basal day 3 E2 (pg/mL) 50 � 21
Peak serum E2 (pg/mL) 1,830 � 1,10
Day of hCG 12.3 � 1.0
No. of ampules FSH 48 � 11
No. of ampules hMG 15 � 9

(n � 64)
No. of mature oocytes 9.5 � 5
Fertilization rate (%) 81
No. of embryos

transferred
3.5 � 1.1

Clinical pregnancy rate/
transfer (%)

35

Delivery rate/transfer (%)a 27
Miscarriage rate (%) 22
Implantation rate (%) 14
Cycles with freezing (%) 30
Cryo clinical pregnancy

rate/transfer (%)
24

Cryo implantation rate (%) 10
a P�.01.

Arslan. Ovarian stimulation and IVF. Fertil Steril 2005.
n LH addition might be considered in low responders and in t

ertility and Sterility�
atients pretreated with OCs or following a more severe
ituitary GnRH agonist suppression. Controlled studies are
eeded to confirm whether LH is needed in those clinical
cenarios and which preparation achieves optimized results.

There is also controversy as to the use of flexible (indi-
idualized) or fixed regimens when using a GnRH antago-
ist. Other approaches such as early initiation of the GnRH
ntagonist (on day 1 of stimulation or in the preceding luteal
hase) are also currently being evaluated (93, 127).

The ultimate goal in IVF is to achieve the transfer of a
igh quality embryo to the uterine cavity, thereby providing
he infertile couple with their maximum chance of concep-
ion. The present incidence of multiple pregnancies, a true
ongoing epidemic” (116), underscores the need for im-
roved, noninvasive methods to assess preimplantation em-
ryo quality. Human embryo research has demonstrated that
mino acid turnover has the potential to select viable em-
ryos (128). It remains to be determined if measurements of
etabolism and/or other secreted proteins by cultured hu-
an embryos can be used as biomarkers of developmental

ompetence to identify the embryos with highest implanta-

the last 5-year period (1999–2003).

Micro-flare
GnRH

antagonist

85 138
37.9 � 3.9 35.4 � 4.7
7.8 � 3.1 7.4 � 3.1
4.4 � 2.3 4.5 � 2.2
53 � 21 49 � 20

2,152 � 1,300 1,733 � 1,000
12.5 � 1.4 11.9 � 1.4

39 � 11 33 � 17
18 � 9 14 � 8
(n � 44) (n � 82)

6.9 � 3.5 7.8 � 5.9
83 80

2.9 � 0.9 2.6 � 0.8

21 28

12 20
44 28

9 13
18 27
20 17

7 7
ing

0

ion potential.
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It has been speculated that a possible cause for the rates of
mplantation observed in IVF cycles might be an impairment
f endometrial receptivity due to high concentration of sex
teroids resulting from COH (129). Histologic advancement
f endometrial glandular/stromal compartments has been a
ommon feature of IVF cycles stimulated with gonadotro-
ins, with and without use of adjuvant therapy with GnRH
gonists (130, 131). Furthermore, recent data have suggested
hat the use of GnRH antagonists in some COH regimens
ight result in compromised implantation rates (132). We

ecently demonstrated that, at the onset of the window of
mplantation and compared with natural cycles, COH re-
ulted in histologic and pinopodes appearance advancement
hat was associated with small variations in endometrial gene
xpression as measured by micro-array technology. In addi-
ion, we identified differential gene expression when com-
aring recombinant FSH-stimulated cycles using a GnRH
gonist against a GnRH antagonist (36). We are presently
nvestigating whether some of these genes are relevant for
mplantation. More studies are needed to characterize endo-
etrial gene/protein changes involved in the regulation of

he timely establishment of the window of implantation and
ny potential effects of COH.
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