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Abstract

Background: Determining the initiation day of antagonist administration is an important and challenging issue and
different results have been reported in the previous studies. The present study was designed to compare the
controlled ovarian hyperstimulation (COH) cycles outcomes of early-onset gonadotropin-releasing hormone
antagonist (GnRH-ant) protocol with conventional flexible GnRH-ant protocol in patients with poor ovarian
response (POR) diagnosis. This randomized clinical trial was performed on infertile women who were diagnosed as
poor responders in in vitro fertilization/intra-cytoplasmic sperm injection (IVF/ICSI) cycles at Arash Women’s Hospital
affiliated to Tehran University of Medical Sciences. POR was defined according to the Bologna criteria and the
eligible women were randomly allocated into an experimental (early-onset GnRH-ant) and control (conventional
flexible GnRH-ant) groups. The women in the experimental group received recombinant gonadotropins (150–225
IU) and GnRH-ant (0.25 mg) simultaneously on the second day of the cycle. In the control group, the starting and
the dose of gonadotropins were similar but daily administration of GnRH-ant was initiated when the leading follicle
diameter was ≥ 13 mm. The COH outcomes were compared between groups (n=58 in each group).

Results: The analysis showed that the two groups did not have statistically significant differences in terms of the
ovarian stimulation duration and the total dose of used gonadotropins. The total number of metaphase II (MII)
oocytes in the experimental group was significantly higher than that of in control group (P = 0.04). Moreover,
clinical and ongoing pregnancy rates per embryo transfer (ET) in the experimental group were significantly higher
than those in the control group (P = 0.02 and P = 0.03, respectively); however, the implantation and miscarriage
rates were similar between groups.
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Conclusions: The early-onset GnRH-ant protocol can improve the number of retrieved and MII oocytes and
probably the pregnancy outcomes after fresh embryo transfer in POR patients. However, larger randomized clinical
trials are required to compare the pregnancy outcomes after this approach with other COH protocols with
considering cost-effectiveness issue.

Trial registration: IRCT20110731007165N9.
The name of the registry: Ladan Kashani.
The date of trial registration: 8.02.2020.

Keywords: Early administration, GnRH antagonist, Conventional flexible GnRH protocol, Poor responders, IVF/ICSI
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Background
Despite the large number of studies on poor ovarian re-
sponse (POR) in assisted reproduction (ART) cycles in
the last 20 years, there is still debate in determining the
best and most effective protocol for controlled ovarian
stimulation (COS) in patients with POR. Among the various
COS methods, the administration of the gonadotropin-
releasing hormone antagonist (GnRH-ant) regimen in poor
responders has had numerous benefits such as decreased
stimulation duration, decreased the total amount of gonado-
tropin required, no symptoms of hormonal withdrawal, and
no ovarian cyst formation [1–3]. In contrast to treatment by
GnRH agonist, the main advantage of using GnRH-ant in
the treatment of poor responders is that it prevents the pre-
mature surge of luteinizing hormone (LH) with preserving
pituitary gland responsiveness [2, 4].
Based on the initiation day of administration, the

GnRH-ant protocol could be divided into early onset
(before day 6 of stimulation) and late onset (after day 6
of stimulation) [5, 6]. Early follicular administration of
GnRH-ant has been reported to decrease exposure to
LH and estradiol during controlled ovarian stimulation,
negatively affecting the chance of pregnancy [4]. More-
over, the inhibition of the interphase peak of the follicle-
stimulating hormone (FSH) by administering the antag-
onist at the beginning of the menstrual cycle leads to a
better synchronization of the growth of the follicle co-
hort and consequently increases the yield of oocytes [4,
7, 8].
Determining the initiation day of antagonist administration

is an important and challenging issue and different results
have been reported in this regard in previous studies [5, 9–
11]. In a flexible antagonist protocol, Inal et al. (2017)
showed that the early initiation of the antagonist was more
cost-effective regarding the number of the used gonadotro-
pins and the number of the stimulation days [5].
Considering the limited number of clinical trial studies

in this field, the present study was designed as a ran-
domized clinical trial to compare the effects of the early
onset of GnRH antagonist protocol with those of the
flexible GnRH antagonist protocol on the outcomes of

in vitro fertilization/intracytoplasmic sperm injection
(IVF/ICSI) cycles in patients with POR diagnosis.

Methods
This randomized controlled trial was performed on in-
fertile women with POR diagnosis who underwent IVF/
ICSI cycles at Arash Women’s Hospital affiliated to
Tehran University of Medical Sciences between March
2020 and December 2020. The trial protocol was ap-
proved by the Review Boards and Ethics Committee of
Tehran University of Medical Sciences (ethics reference
number: IR.TUMS.MEDICINE.REC.1398.544) and was
registered in Iranian Registry of Clinical Trials Website
(www.irct.ir, IRCT20110731007165N9). The women
with POR diagnosis undergoing IVF/ICSI cycles were
determined on the basis of the Bologna criteria [12] and
the existence of at least two of the following criteria: (1)
the previous history of POR (retrieved oocytes ≤ 3) in a
conventional stimulation protocol, (2) advanced mater-
nal age (≥40 years) or any other risk factors for POR
(e.g., a history of ovarian surgery), and( 3) abnormal
ovarian reserve test (i.e. antral follicle count (AFC) < 5
follicles or anti-Mȕllerian hormone (AMH) < 1.1 ng/ml).
The patients with age over 44 years, uterine factor and/
or severe male factor infertility, hypothalamic amenor-
rhea, chronic diseases, history of recurrent miscarriage,
and repeated implantation failure were excluded from
the study. The eligible patients were randomly allocated
into two groups: an experimental (early-onset GnRH-
ant) and control (flexible GnRH-ant) group. The per-
muted block randomization was conducted by the statis-
tician advisor with a computer-generated list. The type
of treatment was placed in sealed envelopes and the as-
signment to intervention and control groups was per-
formed by the out-of-study nurse. In addition, signed
informed consents were obtained from all patients be-
fore the intervention.
Controlled ovarian hyperstimulation (COH) was per-

formed using the recombinant follicle-stimulating hor-
mone FSH (rFSH) (Gonal-F, Merck-Serono) and human
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menopausal gonadotropin (hMG; Menopur; Ferring). In
both study groups serial two-dimensional follicle moni-
toring by transvaginal ultrasonography (Philips Affiniti
70 machine with a C10-3v Pure-Wave endovaginal
probe) and hormonal assay (as needed) were performed.
The women in the experimental group received rFSH

(150–225 IU) and GnRH-ant (0.25 mg) (Cetrotide:
Merck-Serono) simultaneously on the second day of the
cycle. The patients in the control group received daily
injections of recombinant FSH (150–225 IU) from day 2
of the cycle and the GnRH-ant (Cetrotide: 0.25 mg daily)
was initiated when the leading follicle diameter was ≥
13mm. In both groups, when at least two dominant fol-
licles with 17mm or greater in diameter were observed
in ultrasound monitoring, the final oocyte maturation
was triggered by human chorionic gonadotropin (hCG)
(10,000 IU, Choriomon, IBSA). The serum estradiol, pro-
gesterone, and LH levels were measured at two points:
baseline assessment (day 1 or 2 of menstrual cycle) and
hCG administration day.
The ovarian puncture was carried out 34–36 h after

hCG injection and IVF/ICSI process was then applied in
accordance with our standards clinical procedures. The
embryos were graded as proposed by Cummins et al.
[13]. This classification considers different features such
as the number of blastomeres, the degree of fragmenta-
tion, multinucleation, and the symmetry of the blasto-
meres on the third day after oocyte retrieval. On the
basis of the women’s age and embryos quality, up to
three embryos were transferred at the cleavage stage
(day 3 after ovum pickup). Luteal phase was supported
by using vaginal progesterone suppositories 400 mg BID
(Cyclogest®, Actoverco, Iran) daily for 14 days until to
pregnancy test day. In the case of the positive pregnancy,
vaginal progesterone was administrated until 10 weeks of
gestation.
The main outcomes were the total number of the re-

trieved and metaphase II (MII) oocytes, the implantation
rate (the number of observed gestational sacs divided by
the number of embryos transferred for each patient),
clinical pregnancy (the presence of a gestational sac with
fetal heart beat on vaginal ultrasound), early miscarriage
(spontaneous loss of a clinical pregnancy ≤ 12 weeks of
gestation), and ongoing pregnancy (pregnancies contin-
ued more than 12 weeks after ET).
Statistical analysis was done using the Statistical Package

for Social Sciences (SPSS Inc., Chicago, IL, USA) version
23.0. The comparisons of continuous variables between
groups were provided by Student’s t test for parametric
data and by the Mann–Whitney U test for non-
parametric data. and presented as mean ± standard devi-
ation (SD). The chi-square test was used for comparing
the categorical variables between groups. The statistical
significance level was considered at p value < 0.05.

Results
The study subjects’ sampling flow chart according to the
Consolidated Standards of Reporting Trials (CONSORT)
guideline was presented in Fig. 1. During the study
period, 192 infertile patients were evaluated for partici-
pation in the study. Of these, 34 women were excluded
due to non-eligibility for entering the study and a total
of 158 women were randomly assigned to the experi-
mental group (n = 84) and control group (n = 74). After
follow-up, the cycle outcomes of 58 patients in the ex-
perimental group and 58 patients in the control group
were compared. The baseline characteristics of the pa-
tients were shown in Table 1. No statistically significant
differences were found between groups regarding the
age of women, BMI, cause and duration of infertility,
total antral follicle count, and the baseline hormone
levels.
The comparison of the COH cycle and pregnancy out-

comes between groups was presented in Table 2. The
analysis showed that the two groups did not have statis-
tically significant differences in terms of the ovarian
stimulation duration and the total dose of used gonado-
tropins. Moreover, the total number of MII oocytes in
the experimental group was significantly higher than
that of in control group (P=0.04). In addition, there were
no significant differences in the number of transferred
embryos and endometrial thickness on ET day between
groups. In the following, clinical and ongoing pregnancy
rates per ET in the experimental group were significantly
higher than those in the control group (P = 0.02 and P =
0.03, respectively). However, the implantation and mis-
carriage rates were not significant between groups
(Table 2).

Discussion
In the present study, the outcomes of COH cycle and
pregnancy after early-onset GnRH-ant protocol were
compared with conventional GnRH-ant protocol in pa-
tients with POR diagnosis. Our results revealed a higher
number of retrieved and MII oocytes and also a higher
rate of clinical pregnancy following fresh embryo trans-
fer in early start
GnRH-ant protocol than those of the control group,

however, the rates of implantation and miscarriage were
not significantly different between groups. It is worth
noting that this strategy did not affect the total dose of
gonadotropins, duration of stimulation, and cycle cancel-
ation rate in patients with POR.
In this regard, Kolibianakis et al. in a randomized clin-

ical study concluded that high exposure of the genital
tract to LH and E2 in the early follicular phase is associ-
ated with a reduced chance of pregnancy in cycles stim-
ulated with recombinant FSH and GnRH-ant for IVF/
ICSI, therefore, it is assumed that the endocrine
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Fig. 1 The study subjects’ sampling flow chart

Table 1 The patients’ characteristics in the study groups

Variables Experimental group
(n = 58)

Control group
(n = 58)

P value

Age (years) 38.1 ± 4.64 38.9 ± 4.0 0.28

BMI (kg/m2) 27.50 ± 0.46 26.80 ± 0.48 0.55

Duration of infertility (years) 5.02 ± 5.01 6.50 ± 5.41 0.13

Total antral follicles count 4.75 ± 1.87 4.70± 2.28 0.89

Basal serum FSH (mIU/m) 8.2 ± 3.0 8.5 ± 2.7 0.51

Basal serum LH (mIU/ml) 4.41 ± 4.91 5.53± 7.03 0.24

Serum AMH (ng/ml) 1.0 ± 0.9 0.8 ± 0.6 0.70

Basal Estradiol (pg/ml) 44.89 ± 4.42 52.37 ± 4.83 0.14

Basal progesterone (ng/ml) 0.48 ± 0.03 0.44 ± 0.03 0.85

No. of previous IVF 0.43± 0.85 0.36 ± 0.64 0.90

BMI body mass index, No. number, FSH follicle-stimulating hormone, LH luteinizing hormone, AMH anti-Müllerian hormone, IVF in vitro fertilization
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environment of the early follicular phase in antagonist
cycles might be related to the reproductive outcomes
[9]. In agreement with them, in our study higher MII oo-
cytes and clinical pregnancy rate after fresh embryo
transfer were observed in early-onset GnRH-ant
protocol.
The beneficial effects of early follicular phase GnRH-

ant on improving the number of retrieved and MII oo-
cytes in normal responder patients were shown in previ-
ous studies; however, they have reported no significant
positive effect on pregnancy rate in these patients [14,
15]. Park et al. in a retrospective study of normal re-
sponder women, concluded that the modified early-
onset antagonist protocol may improve the mature oo-
cyte yield, possibly via enhanced follicular
synchronization, while resulting in superior CPR as com-
pared to the conventional antagonist protocol, which re-
quires to be studied further in prospective randomized
controlled trials. Regarding to patients with POR diagno-
sis, the most of previous studies with early-onset GnRH-
ant protocol, estradiol pre-treatment (E2 priming) was
used in the late luteal phase prior to the start of the an-
tagonist protocol [7, 8, 16]; hence, the results of the
present study were not comparable to them. In whatever
way regardless of how most of the mentioned studies

have shown evidence of improved ovarian stimulation
outcomes [7, 8, 16, 17] and pregnancy rates [8] after
early-onset GnRH-ant protocol with E2 priming in POR
patients.
In the flexible type, the early onset of the antagonist

appears to have beneficial effects compared to the late
onset of the antagonist. On the other hand, due to the
possibility of LH surge occurring earlier than the sixth
day, stimulation and release of oocytes before puncture,
especially in POR individuals with fewer eggs, early onset
of antagonist will prevent the loss of these limited grow-
ing follicles [18]. Furthermore, early onset of GnRH an-
tagonist may lead to better follicular synchronization,
which increases follicle maturation. It is difficult to de-
termine the exact time of increasing FSH level at inter-
phase due to intrinsic changes in FSH because it can
occur before or at the beginning of the follicular phase.
Therefore, it is believed that the interphase peak of FSH
can be suppressed by early GnRH antagonist onset at
the beginning of the menstrual cycle and primary FSH
suppression may be helpful in achieving follicles coord-
ination [19].
Nevertheless, the present study has some limitations

and some strength points that should be mentioned.
The strengths of the current study were the randomized

Table 2 Comparison of the cycle and pregnancy outcomes between groups

Experimental group
(n = 58)

Control group
(n = 58)

P value

Duration of stimulation (days) 10.12 ± 2.28 10.0 ± 1.50 0.76

No. of used antagonist ampoule 10.12 ± 2.28 3.93 ± 1.32 < 0.0001*

Total ampoules of used gonadotropins (75 IU) 47.2 ± 12.7 43.7 ± 10.4 0.11

Serum estradiol on HCG day 524 ± 78.29 358± 51.21 0.23

Serum progesterone on HCG day 0.61 ± 0.37 0.52 ± 0.28 0.17

Serum LH level on HCG day 2.60± 3.14 3.23± 5.66 0.52

No. of retrieved oocytes 4.17 ± 2.89 3.20 ± 2.47 0.07

No. of metaphase II oocytes 3.35 ± 2.55 2.46 ± 2.20 0.04*

Fertilization rate 0.77 ± 0.24 0.79 ± 0.25 0.5

No. of obtained embryo 2.61 ± 1.45 2.13± 1.47 0.17

No. of top quality embryos 1.68 ± 1.63 1.37± 1.41 0.30

Cycle cancelation rate; n (%) 5/84 (5.9) 2/74 (2.7) 0.43

No. of embryos transferred 2.20 ± 0.67 1.73 ± 1.08 0.13

Endometrial thickness on ET day (mm) 9.34 ± 1.14 9.08 ± 0.98 0.19

Implantation rate 0.58 ± 0.39 0.33 ± 0.28 0.36

Clinical pregnancy rate per ET (%) 40% 11.1% 0.02*

Miscarriage rate per ET (%) 6.6% 3.9% 0.53

Ongoing pregnancy rate per ET (%) 33.4% 7.2% 0.03*

Descriptive data were presented as Mean ± SD. P value ≤ 0.05 was considered statistically significant
Between-group comparisons were performed by Student’s t test for the data with normal distribution and by the Mann–Whitney U test for non-parametric data.
Further, the chi-square test was used for comparing the categorical variables between groups
HCG human chorionic gonadotropin, LH luteinizing hormone, ET embryo transfer
*P value ≤ 0.05 was considered statistically significant
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clinical trial methodology and the selection of
homogenous population of POR patients. The rate of ET
cancelation was a little high which can reduce the power
of the study (Fig. 1). However, further studies with a lar-
ger sample size are needed to validate our findings.

Conclusions
Early-onset GnRH-ant protocol can improve the number
of retrieved and MII oocytes and clinical pregnancy rate
after fresh embryo transfer; however, larger randomized
studies are required to compare the pregnancy outcomes
after this protocol versus other COH protocols with
considering cost-effectiveness issue.
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