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Supplementation with a recombinant human chorionic
gonadotropin microdose leads to similar outcomes in
ovarian stimulation with recombinant follicle-
stimulating hormone using either a gonadotropin-
releasing hormone agonist or antagonist for pituitary
suppression
Mario Cavagna, M.D., Ph.D.,a,b,c Luiz Guilherme Louzada Maldonado, M.D.,a Tatiana Carvalho de
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Objective: To compare the outcomes of protocols for ovarian stimulation with recombinant hCG microdose, with
GnRH agonists and antagonists for pituitary suppression.
Design: Prospective nonrandomized clinical trial.
Setting: A private assisted reproduction center.
Patient(s): We studied 182 patients undergoing intracytoplasmic sperm injection (ICSI) cycles, allocated into two
groups: GnRH agonist group, in which patients received a GnRH agonist (n¼ 73), and a GnRH antagonist group,
in which patients were administered a GnRH antagonist for pituitary suppression (n ¼ 109).
Intervention(s): Pituitary suppression with GnRH agonist or GnRH antagonist. Ovarian stimulation carried out
with recombinant FSH and supplemented with recombinant hCG microdose.
Main Outcome Measure(s): Total dose of recombinant FSH and recombinant hCG administered; E2 concentra-
tions and endometrial width on the day of hCG trigger; number of follicles aspirated, oocytes and mature oocytes
retrieved; fertilization, pregnancy (PR), implantation, and miscarriage rates.
Result(s): The total dose of recombinant FSH and recombinant hCG administered were similar between groups, as
were the E2 concentrations and endometrial width. The number of follicles aspirated, oocytes, and metaphase II
oocytes collected were also comparable. There were no statistically significant differences in fertilization, PR, im-
plantation, and miscarriage rates in the GnRH agonist and GnRH antagonist groups.
Conclusion(s): When using recombinant hCG microdose supplementation for controlled ovarian stimulation
(COS), there are no differences in laboratory or clinical outcomes with the use of either GnRH antagonist or agonist
for pituitary suppression. (Fertil Steril� 2010;94:167–72. �2010 by American Society for Reproductive Medi-
cine.)
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Pituitary suppression is a well-established strategy in the pro-
tocols of ovarian stimulation for assisted reproductive tech-
nologies (ART). During the past 20 years GnRH agonists
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ter, Av. Brigadeiro Luiz Antônio, 4545, Jardim Paulista, S~ao

razil 01402-001 (FAX: 55-11-38859858; E-mail: cavagna@

com).

2/$36.00
16/j.fertnstert.2009.02.075 Copyright ª2010 American S
were used for this purpose, and more recently GnRH antago-
nists were introduced for the same purpose (1, 2). Although
GnRH agonists promote a flare-up effect and require a longer
time for pituitary suppression, which is achieved by desensi-
tization of hypophyseal receptors, GnRH antagonists act by
direct competition with hypophyseal receptors and promote
a rapid blockage of the hypothalamus–hypophyseal axis.
The result is a shorter duration of treatment and a friendlier
treatment strategy. Comparative studies between GnRH ago-
nists and antagonists for pituitary suppression have suggested
that the use of antagonists is associated with a shorter dura-
tion of stimulation with FSH (3).
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When using antagonists for pituitary suppression, it is not
clear whether or not the supplementation with LH is benefi-
cial for ovarian stimulation, but there is evidence that LH ac-
tivity may be useful, particularly when antagonists are used
(4, 5). In addition, in vitro evidence supports a role for LH
in improving embryo cleavage and blastocyst formation,
and LH supplementation may improve cycle outcome by cre-
ating better embryo quality (6).

It is well established that granulosa cells (GC) of larger fol-
licles (>10 mm in diameter) express LH receptors, and thus
become sensitive to LH stimulation (7). Even when FSH is
withdrawn and ovarian stimulation is performed by LH activ-
ity alone, the outcomes are comparable to recombinant FSH
administration throughout the stimulation cycle (8). It has
been demonstrated that, after recombinant FSH priming,
a low dose of hCG is able to stimulate the development of
preovulatory follicles with little or no addition of FSH (7, 8).

Based on these findings we designed this investigation to
compare the outcomes of protocols of ovarian stimulation using
a GnRH agonist and an antagonist for pituitary suppression, with
supplementation of LH activity achieved by the administration
of a recombinant hCG microdose in the late follicular phase.
MATERIALS AND METHODS

This is a prospective nonrandomized clinical trial comparing
the outcomes of ovarian stimulation for assisted reproduction
cycles with a recombinant hCG microdose. We studied 182
patients undergoing intracytoplasmic sperm injection (ICSI)
cycles, for the first time, in a private clinic, the Fertility-Assis-
ted Fertilization Center, S~ao Paulo, Brazil, between June 2003
and December 2007. To be selected for the present study, pa-
tients had to meet the inclusion criteria as follows: age <37
years; body mass index (BMI) R20 and %30 kg/m2; basal
FSH <10 mIU/mL; eumenorrheic cycles (menstrual cycles
consistently every 25–35 days); and negative for HIVand hep-
atitis B and C markers in serum.

The investigation was submitted to, and approved by, the
Ethics Committee of the Women’s Health Reference Center,
S~ao Paulo, Brazil. Written informed consent to share the out-
comes for research purposes was obtained from the couples.

Ovarian Stimulation Protocols

All patients received oral contraceptives (OC; Gynera; Scher-
ing, Rio de Janeiro, Brazil), for 2–3 weeks before ovarian
stimulation. The patients were divided in two groups accord-
ing to the use of agonist or antagonist in the protocol of pitu-
itary suppression.

In the agonist group (GnRH-a, n¼ 73), a half-dose of tryp-
torelin (Gonapeptyl 3.75; Ferring, S~ao Paulo, Brazil) equiva-
lent to 1.875 mg, was administered IM 18–20 days after the
menstrual period induced by the OC. After 12–14 days, ovar-
ian stimulation was commenced with 225 IU of recombinant
FSH (Gonal F; Serono, Geneva, Switzerland) daily (day 1 of
ovarian stimulation¼ S1), for 3 days. On S4, the recombinant
FSH dose was reduced to 150 IU, until the visualization of at
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least one follicle R14 mm, when the recombinant FSH dose
was reduced to 75 IU and it was concomitantly administered
with the recombinant hCG microdose (7.7 mg, equivalent to
200 IU hCG), which was obtained by the dilution of one am-
pule of 250 mg of recombinant hCG (Ovidrel; Serono), SC for
2 days. After that, the recombinant hCG microdose was
administered alone until the day of ovulation trigger.

In the antagonist group (GnRH-ant, n ¼ 109), ovarian
stimulation was performed as follows: 3–5 days after discon-
tinuing OC, ovarian stimulation was commenced with 225 IU
of recombinant FSH on a daily basis (day 1 of ovarian stim-
ulation¼ S1). On S4, the recombinant FSH dose was reduced
to 150 IU until the visualization of at least one follicle R14
mm, at which time, we began the administration of cetrorelix
acetate (Cetrotide; Serono) 0.25 mg SC. The day after begin-
ning the antagonist therapy, the recombinant FSH dose was
reduced to 75 IU and the concomitant SC administration of
the recombinant hCG microdose was initiated and continued
for 2 days. After that, the recombinant hCG microdose was
exclusively administered until the day of ovulation trigger.

With this approach, both protocols were exactly the same,
except for the method of pituitary suppression. In both
groups, the ovulation trigger was given by SC injection of
250 mg of recombinant hCG when at least three follicles
R17 mm were observed, and oocyte retrieval was performed
35–36 hours later by transvaginal ultrasound (TVS)guided
aspiration. The luteal phase was supplemented with a vaginal
administration of 90 mg of P gel (Crinone; Serono).

The recovered oocytes were assessed for their nuclear sta-
tus, and those in metaphase II were submitted to ICSI following
routine procedures (9). Fertilization, indicated by the presence
of two clearly distinct pronuclei (PN), was assessed 18 hours
after ICSI. Embryo morphological quality was evaluated daily
under an inverted microscope (Eclipse TE 300; Nikon, Tokyo,
Japan); and one to three high-quality embryos were transferred
per patient on the second or third day of development.

The implantation rate was defined as the number of gesta-
tional sacs per number of embryos transferred per patient.
Clinical pregnancy was defined as the presence of a gesta-
tional sac with heart beat visualized by ultrasound 4–6 weeks
after embryo transfer. Miscarriage was defined as the sponta-
neous loss of a pregnancy before 12 weeks’ gestation.
End Points

The end points of this study were total dose of recombinant
FSH administered; total dose of recombinant hCG adminis-
tered; E2 concentrations and endometrial width on day of
hCG administration; number of follicles aspirated; number
of oocytes collected and number of metaphase II oocytes re-
trieved; and fertilization, pregnancy (PR), implantation, and
miscarriage rates.

Statistical Analysis

The categorical variables (e.g., PRs and miscarriage rates),
were analyzed by performing c2 or Fisher’s test as
cles Vol. 94, No. 1, June 2010



appropriate. The Shapiro-Wilk test was used to test the dis-
tribution of numerical variables, and Student’s t-tests were
used for the analysis when the numerical variables had
a normal distribution, and results were shown as mean
and SD. Nonparametric analysis (Mann-Whitney’s test)
was performed when the data did not show a normal distri-
bution, and results showed as median and range. Values of P
>< .05 were considered to be significant.
RESULTS

Despite the nonrandomization, the two groups of patients
were well-balanced. The women’s ages and BMI were simi-
lar (Table 1) and most couples used ejaculated sperm for ICSI
(GnRH-a: 94.5% vs. GnRH-ant: 93.5%; P¼.794) in both
groups. The causes of infertility of the two treatment groups
are equally distributed, except for the higher incidence of un-
explained infertility in the GnRH-a group (Table 2).

In addition, the total dose of recombinant FSH and recombi-
nant hCG administered, the E2 concentration and the endome-
trial width measures did not differ among the groups (Table 1).

The number of follicles aspirated, and the number of oo-
cytes and metaphase II oocytes collected were also similar
in the groups. The fertilization rates were 68.06% and
68.87% in the groups GnRH-a and GnRH-ant, respectively
(P¼.741). In the GnRH-a group, three women (4.11%) did
not receive an embryo transfer because of total fertilization
failure, and the same fact occurred in six women (5.5%) of
the GnRH-ant group (P¼.671). The clinical outcomes in
terms of PRs per transfer and implantation rates were not sta-
tistically different. There were four miscarriages in the
GnRH-a group and three miscarriages in the GnRH-ant group
(Table 3).
DISCUSSION

In the protocols of ovarian stimulation for ART, the use of FSH
is recognized to play an important role in multifollicular devel-
opment. The role of LH is much more controversial, but it is
TABLE 1
The age, body mass indices, total dose of recombin
hCG administered, E2 concentrations, and endomet
agonist (GnRH-a) and GnRh antagonist (GnRH-ant).

Variable GnRH-a gro

Age 30.45 � 3.
Body mass indices 23.8 � 3.
Total dose of recombinant FSH 1,774.7 � 46
Total dose of recombinant hCG 614.3 � 20
E2 concentrations 2,722 � 1,
Endometrial thickness 13.09 � 2.

Note: Values expressed as average � SD.
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well known that LH acts on the theca cells by inducing an an-
drogen substrate for aromatization (10). In the midfollicular
phase, GCs acquire LH receptors, therefore this hormone can
stimulate folliculogenesis independently of FSH activity (7).

Filicori et al. (7, 8, 11) have demonstrated that low-dose uri-
nary hCG may be used to replace the LH activity in the proto-
cols of ovarian stimulation. Our group has demonstrated that
a microdose of recombinant hCG may be used for this purpose
(12), and other groups of investigators have used the same
approach (13, 14). These findings demonstrate that the
addition of LH activity in controlled ovarian stimulation can
be performed through the administration of highly purified
hMG, recombinant LH, and a urinary or recombinant hCG
microdose (7, 8, 15–17). It is important to emphasize that in
late follicular phase, recombinant hCG microdose is able to
complete follicular maturation in the absence of FSH, a fact
that was confirmed by the results of this investigation.

Classically, pituitary desensitization for ovarian stimula-
tion is performed through the administration of GnRH an-
alogues, especially agonists, which were first introduced
for this purpose in 1984 (1). More recently GnRH antag-
onists were introduced for the same purpose, and the effi-
cient dose is reported to be 0.25 mg, administered daily
(2, 18). Initially, GnRH antagonists were related to lower
PRs and implantation rates (19–22), but recent studies
did not confirm this finding (23–26), especially when
care was taken to avoid prolongation of the follicular
phase and initiation of ovarian stimulation with high P
levels (27, 28).

Recently, Lainas et al. (29) published a study showing
higher PRs in poor responders with the use of GnRH antag-
onists, compared with use of the flare-up protocol with
GnRH agonists. However, the investigation was performed
in patients with very poor prognosis, as demonstrated by
the low PRs achieved (12.2% vs. 4.4%). In addition, a recent
meta-analysis did not show superiority of any analogue in
patients with previous poor response to ovarian stimulation
(30, 31).
ant FSH administered, total dose of recombinant
rial thickness for patients from groups GnRH

up GnRH-ant group P value

61 30.48 � 3.65 .950
64 23.9 � 3.61 .779
8.6 1,766.3 � 404.6 .900
8.0 565.7 � 209.2 .131
642 2,696 � 1,805 .927
74 12.56 � 2.01 .169
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TABLE 2
Etiology of infertility of patients included in the treatment groups.

Etiology of infertility GnRH-a (n [ 73) GnRH-ant (n [ 109) P value

Male factor 34 (46.5) 64 (58.7) .107
Tubal and male factor 18 (24.6) 27 (24.7) .986
Unexplained infertility 11 (15.0) 6 (5.5) .030
Endometriosis and male factor 6 (8.2) 7 (6.4) .645
Anovulation and male factor 4 (5.4) 5 (4.5) .786

Note: Results are expressed in absolute numbers and in percentages between parentheses. GnRH-a ¼ GnRH agonist;
GnRH-ant ¼ GnRh antagonist.

Cavagna. Recombinant hCG microdose for ICSI cycles. Fertil Steril 2010.
The introduction of GnRH antagonists to promote pituitary
suppression brought about a new discussion as to whether or
not supplementation with LH could be beneficial with this
new approach. The GnRH antagonists promote a rapid inhi-
bition of LH release from competitive binding to hypophy-
seal GnRH receptors, and this profound suppression of LH
might have a deleterious effect on the outcome of ovarian
stimulation (32). Thus, when using GnRH antagonists to pro-
mote pituitary suppression, supplementation with LH in con-
trolled ovarian stimulation could be beneficial to ovarian
stimulation outcomes (4, 5). It was demonstrated that supple-
mentation of recombinant FSH regimens with LH activity
may be useful in GnRH antagonist cycles, by diminishing
FSH requirements (33) and by increasing the oocyte matura-
tion rate (34). In the present investigation we analyzed the pa-
rameters that are considered to be the major end points of
a cycle of ovarian stimulation for assisted reproduction, in
a group of women who used a GnRH agonist and in another
group who used a GnRH antagonist for pituitary suppression.
In both groups, LH activity was introduced in the late follic-
ular phase, through the administration of recombinant hCG
microdose.
TABLE 3
Number of follicles aspirated, oocytes and MII oocyte
GnRH-ant groups.

Parameter GnRH-a grou

No. of follicles aspirated 16 (1–54)
No. of oocytes collected 11 (1–47)
No. of MII oocytes collected 9 (1–40)
E2 concentrations

No. of transferred embryos 1.68 (1–3)
Pregnancy rate per transfer 35.71%
Implantation rate 26.07%
Miscarriage rate 16.00%

Note: Numbers of follicles, oocytes and MII oocytes are expres
¼ metaphase II; GnRH-a ¼ GnRH agonist; GnRH-ant ¼ Gn

Cavagna. Recombinant hCG microdose for ICSI cycles. Fertil Steril 2010.
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In some patients a reduction in E2 is observed after admin-
istration of the antagonist; this reduction is related to the LH
decrease that may occur due to the inhibitory action of the an-
tagonist (35). Recent studies have shown that the addition of
LH activity to protocols with GnRH antagonists may prevent
the decrease in E2 after the antagonist administration, but does
not seem to positively influence the PRs and implantation
rates (4, 5, 36). In the present study, a possible bias cannot
be excluded as the patients were not randomized but were as-
signed to each group on the basis of the clinician judgment.
However, the parameters evaluated indicated homogeneity
between the groups, except for the higher incidence of unex-
plained infertility in the GnRH agonist group. We cannot find
a reasonable explanation for this fact; nevertheless, although
this finding is statistically significant it is not necessarily clin-
ically relevant. In both groups in this investigation we supple-
mented recombinant FSH with LH activity through the
administration of recombinant hCG microdose in the late fol-
licular phase. We observed that the concentrations of E2 on the
day of ovulation triggering were not statistically different be-
tween the groups. This can be attributed to recombinant hCG
supplementation, because several investigations have
s collected, and clinical outcomes in GnRH-a and

p GnRH-ant group P value

17 (2–50) .831
10 (1–44) .756
9 (1–38) .499

1.78 (1–3) .427
33.98% .814
20.34% .317
8.57% .377

sed as the median with the range between parentheses. MII
Rh antagonist.

cles Vol. 94, No. 1, June 2010



demonstrated that the use of antagonists for pituitary suppres-
sion is related to lower concentrations of E2 when ovarian
stimulation is performed with recombinant FSH alone (4–6,
36).

A recent study did not reveal any significant differences
with the use of gonadotropins with LH activity (highly puri-
fied hMG) or recombinant FSH in controlled ovarian stimu-
lation protocols with GnRH antagonists, with regard to PRs
and implantation rates. Nevertheless, more oocytes were ob-
tained from patients receiving recombinant FSH than hMG
and E2 was higher at the end of stimulation with hMG,
whereas P was higher in patients stimulated with recombi-
nant FSH (6). It is possible that there is an ‘‘LH concentration
window,’’ below which the ovarian stimulation would not be
optimal, with inadequate production of E2, and above which
follicular development would be impaired (37). In our study
we did not observe any significant differences in the amounts
of recombinant FSH required, the number of follicles aspi-
rated, or the number of metaphase II oocytes collected be-
tween groups. Fertilization, PRs, and implantation rates did
not show statistically significant differences. These data sug-
gest that the supplementation of recombinant FSH with LH
activity obtained through the administration of recombinant
hCG microdose leads to similar outcomes in ovarian stimula-
tion with recombinant FSH using either a GnRH agonist or
antagonist for pituitary suppression.

Nevertheless, it has to be noted a lower implantation rate in
the antagonist group (20.34% vs. 26.07%), although statisti-
cal significance was not achieved. This finding is in accord
with other investigations that suggest that the clinical efficacy
of GnRH antagonists may be slightly reduced, and discretely
lower implantation rates should be expected (34, 38). On the
other hand, we observed a slightly augmented miscarriage
rate in the agonist group (16.0% vs. 8.57%), without statisti-
cal significance; this fact led to ongoing PRs being very sim-
ilar between the groups (31% in the antagonist group vs. 30%
in the agonist group).

With regard to the exact role of LH in ovarian stimulation,
more evidence is needed to allow for definitive conclusions.
However, we can stress that LH is able to act synergistically
with FSH to complete follicular development, and that re-
combinant hCG microdose is an adequate source of LH activ-
ity. In stimulated cycles, low dose hCG is able to promote
follicular development in the late follicular phase, even
with withdrawal of FSH administration, as demonstrated by
several investigations (7, 17).

With regard to pituitary suppression, it is now clear that the
use of GnRH antagonists is a simple and patient-friendly op-
tion, with shorter treatment duration and reduced costs, as
registered by Fauser and Devroey (38). The same investiga-
tors report that many European IVF centers have shifted their
clinical protocols almost entirely toward the use of GnRH an-
tagonists, without a noticeable decrease in PRs (38). Maybe
the ideal protocol with GnRH antagonist co-treatment has
not yet been identified.
Fertility and Sterility�
In a recently published meta-analysis (4) we concluded
that the association of recombinant LH with recombinant
FSH may prevent the E2 concentration decrease after antag-
onist administration, and may significantly increase the num-
ber of mature retrieved oocytes. Therefore, together with our
present findings, these evidences suggest that the use of LH in
controlled ovarian stimulation protocols, commencing at the
time of antagonist administration is recommended. If its pos-
itive role regarding PRs and implantation rates remains con-
troversial, it seems clear that LH supplementation does not
have any negative effects on E2 synthesis, providing a more
physiological hormonal milieu. Our data also confirm that
the recombinant hCG microdose is an efficient source of
LH activity, and this strategy can be used to reduce the
FSH amounts required in controlled ovarian stimulation pro-
tocols, independently of the type of GnRH analogue used.
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