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Abstract

Background: This paper describes a blind randomized controlled trial (RCT) designed to evaluate the effect of
gonadotropin-releasing hormone agonist (GnRH-a) administration on outcomes of intracytoplasmic sperm injection
(ICSI) in subjects stimulated with the gonadotropin-releasing hormone (GnRH) antagonist protocol. A total of 268
women who underwent ICSI cycles with GnRH antagonist ovarian stimulation protocol were included in the study.
Patients were randomly assigned to the intervention (GnRH-a) and control groups. The intervention group received
a single dose injection of triptorelin (0.1 mg) subcutaneously 6 days after oocyte retrieval while the control group
received placebo. The rates of chemical and clinical pregnancy were defined as the primary outcome values.

Results: Two hundred forty participants accomplished the study, and their data were analyzed. No significant
difference was detected between the chemical pregnancy rates of the intervention and control groups. However,
the clinical pregnancy rate was significantly higher in the GnRH-a group than in the placebo group.

Conclusions: The findings of the present study suggest that the GnRH-a support in the luteal phase can result in a
significant improvement of pregnancy rates in ICSI cycles following the ovarian stimulation with GnRH antagonist
protocol.
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Background
Stimulating the development of multiple follicles and,
eventually, the formation of multiple embryos is achieved
by controlled ovarian stimulation (COS) in assisted repro-
ductive techniques (ARTs) [1]. Induction of multiple folli-
cles in the COS procedure causes forming multiple
corpora lutea which leads to abnormally increasing high
estradiol production [1, 2]. The continuously high levels
of estradiol inhibit the luteinizing hormone (LH) secretion
by hypophysis. This effect shortens the luteal phase and

causes premature luteolysis that can lead to decreased
pregnancy rates [3, 4]. In this regard, the supporting medi-
cations including estradiol, progesterone, and hCG are
prescribed as luteal phase support (LPS) in ART cycles
[5]. However, trials investigating the efficacy of steroid
combinations revealed contradictory results, and the hu-
man chorionic gonadotropin (hCG) carries the risk of
ovarian hyperstimulation syndrome (OHSS) [6]. There-
fore, researches are in progress for finding luteal phase
support with fewer side effects.
Administration of gonadotropin-releasing hormone

agonist (GnRH-a) has been introduced recently as a
beneficial luteal phase support [7, 8]. Recent studies have
shown the positive effect of a single-dose GnRH-a ad-
ministration on the luteal phase in ICSI cycles [9–13].
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GnRH-a administration in the mid-luteal phase has been
detected to increase the efficacy of implantation and live
birth rates in women undergoing ICSI [4, 14]. However,
the effect of GnRH-a administration as luteal phase sup-
port on the pregnancy outcomes remains controversial
[12]. Despite existing, several reports on the effectiveness
of GnRH-a administration as a luteal phase support
protocol, there are still several questions which need to
be answered.
In this regard, the present randomized controlled trial

(RCT) aimed to assess the effect of GnRH-a administra-
tion on ICSI outcomes in the luteal phase of cycles stim-
ulated by the gonadotropin-releasing hormone (GnRH)
antagonist protocol.

Methods
Study population
Between 2017 and 2019, 268 ICSI candidate patients
were assessed for their eligibility to enter the study.
Written informed consents were obtained from all pa-
tients. In total, 28 patients were excluded for different
reasons, and 240 stayed included in the study (Fig. 1).
Age (between 20 and 38 years old), body mass index

(BMI) below 30 kg/m2, and serum FSH level below 10
mIU/ml on the 2nd or 3rd days of the menstrual cycle
were considered as inclusion criteria. Low response ac-
cording to Bologna criteria, repeated implantation failure
(RIF), polycystic ovary syndrome (PCOS), endometriosis,
uterine abnormalities, hormonal disorders, OHSS, failed
fertilization, less than two embryos available for transfer,

male factor infertility, and non-adherence to the inter-
ventions were considered as exclusion criteria.

Study design
This was a single-center, double-blind, controlled trial
with balanced randomization, which was conducted in
the IVF Center of Taleghani Hospital, Tehran, Iran. Pa-
tients were randomly assigned to one of two groups in-
cluding the GnRH agonist group or the placebo group.
Patients, physicians, outcome assessors, and statisticians
were kept blinded about randomization. Randomization
was carried out using computer-generated simple ran-
dom tables in a 1:1 ratio. The sample size was deter-
mined after consideration of type 1 statistical error < 5%
and type 2 statistical error < 20%.

Treatment protocol
Patients were pretreated with 2 mg of oral estradiol val-
erate (Aburaihan Co., Tehran, Iran) twice daily from day
21 of the natural cycle continued until days 2–4 of the
new cycle. Stimulation was started by daily injections of
(150–225 IU) of recombinant FSH (Gonal F, Merck,
Germany) from the second or third day of the cycle. The
dose was adjusted according to the follicular growth that
was monitored by transvaginal ultrasonography. GnRH
antagonist (Cetrotide, Merck, Germany) administration
was done when the leading follicles reached 13–14mm
in diameter and continued until the day of ovulation
induction. When the diameter of three or more follicles
reached 17mm, 10,000 IU of hCG (Choriomon, IBSA,
Switzerland) was administered as the ovulation

Fig. 1 Consort flow diagram
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induction. Thirty-six hours later, a transvaginal
ultrasound-guided oocyte pick-up (OPU) was carried
out.
Serum level of estradiol (E2), progesterone (P), and LH

were measured by enzyme-linked immunosorbent assay
(ELISA) kit, and endometrial thickness and pattern were
assessed by transvaginal ultrasonography on the day of
trigger (Table 1). Endometrial thickness was defined as
the maximal distance in the plane between the echo-
genic interfaces of the endometrium and myometrium
through the central longitudinal axis of the uterus.
Endometrial pattern was classified as pattern A (a triple-
line pattern consisting of a central hyperechoic line sur-
rounded by two hypoechoic layers), pattern B (an inter-
mediate isoechogenic pattern with the same reflectivity
as the surrounding myometrium and a poorly defined
central echogenic line), and pattern C (homogenous,
hyperechogenic endometrium) [15].

Assisted reproduction techniques
After OPU, oocytes were washed in a handling medium
(MHM™, Irvine Scientific, USA) and cultured in a cul-
ture medium (Sage, Cooper Surgical, USA) at 37 °C with
6% CO2 for 2 h prior to denudation. The oocytes were
then denuded from granulosa cells by mechanical and
enzymatic dissection using hyaluronidase (GM501 Hyal-
uronidase, Gynemed, Germany). ICSI was performed on
all metaphase II oocytes 3–4 h after OPU. The injected
oocytes were cultured in a cleavage medium (Sage,
Cooper Surgical, USA) and evaluated by morphologic
criteria on day 3. Embryos with at least six blastomeres
and < 20% fragmentation were selected for embryo
transfer (ET). The embryo transfers (ETs) were carried
out 3 days after OPU with an embryo transfer catheter
(Cook, USA) by an expert gynecologist under the trans-
abdominal ultrasound guidance according to the

American Society for Reproductive Medicine (ASRM)
guidelines. According to the quality of the embryos and
the condition of the females, 1–2 fresh embryos were
transferred in each cycle (Table 1).

Luteal phase supplementation
After ovulation induction, the intervention stage started
for patients in two groups. The intervention group re-
ceived 0.1 mg of triptorelin (Decapeptyl, Ferring,
Germany) by subcutaneous (SC) injection 6 days after
oocyte retrieval. The control group received the placebo.
All patients received 400 mg of vaginal progesterone
(Cyclogest, Actavis, Barnstaple, UK) twice daily begin-
ning from the day of oocyte retrieval until the 12th week
of pregnancy.

Outcome assessment
Chemical and clinical pregnancies were detected by posi-
tive serum β-hCG 2 weeks after ET and the presence of a
fetal heartbeat in transvaginal ultrasound 6 weeks after
ET, respectively. Multiple pregnancies were defined as a
gestation with more than one fetus in ultrasonography.

Statistical analysis
The results were provided as mean ± SD. Statistical ana-
lysis was conducted using the SPSS 21.0 statistical soft-
ware package (SPSS Inc., Chicago, IL, USA). Student’s t
test, chi-squared test, and exact test were used for com-
paring the study groups. The p < 0.05 was considered as
statistically significant.

Results
Baseline characteristics
A total of 268 patients fulfilled the inclusion criteria and
were enrolled in this study, from which 240 participants
accomplished the study and their data were analyzed

Table 1 Ovarian stimulation characteristics and outcomes of the studied groups

Characteristics Group p value

GnRH agonist Placebo

Total dose of gonadotropin (IU) 1614.25 ± 321.15 1524.25 ± 417.23 NS

Days with gonadotropin administration in current cycle 9.5 ± 1.1 9.2 ± 1.3 NS

LH (IU/ml) on day of trigger 3.24 ± 0.4 3.57 ± 0.6 NS

E2 (pg/ml) on day of trigger 2932.53 ± 92.4 2824.23 ± 101.2 NS

P (IU/ml) on day of trigger 0.84 ± 0.4 0.92 ± 0.2 NS

Endometrial thickness on day of trigger 8.5 ± 6.2 9.2 ± 5.3 NS

Endometrial pattern on day of trigger 95.3% (pattern A*) 97.7% (pattern A) NS

Mean number of oocytes retrieved 9.5 ± 6.2 10.2 ± 5.3 NS

Mean number of embryos transferred 1.3 ± 0.5 1.6 ± 0.2 NS

Good quality embryos (A), (%) 54 49 NS

E2 estradiol, LH luteinizing hormone, NS non-significant, P progesterone
*Triple-line pattern consisting of a central hyperechoic line surrounded by two hypoechoic layers
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(Fig. 1). Table 2 provides a summary of the baseline
characteristics of the two groups. No significant differ-
ences were detected in the baseline characteristics of the
two groups.

Outcomes
No significant differences were detected in the chemical
pregnancy rates between the two groups (40% vs. 41.7%,
p value = 0.797). However, the clinical pregnancy rate
was significantly higher in the intervention group com-
pared to the placebo group (36.7% vs. 25.8%, p value =
0.0089). No significant difference was observed between
the two groups in terms of multiple pregnancies (p value
= 0.827) (Table 3).

Discussion
The present study was undertaken to evaluate the effect
of a single dose administration of triptorelin as a LPS
medication on pregnancy outcomes in ICSI candidate
women. Our results showed no significant difference in
the chemical pregnancy rates between the two groups.
However, the clinical pregnancy rate was significantly
higher in the group which received triptorelin. On the
other hand, no significant difference was observed in
multiple pregnancy rates between the two groups. These
results can be interpreted as the positive effect of trip-
torelin treatment on the pregnancy outcome of ICSI-
undergone women.
The positive effect of GnRH-a application as a LPS in

ART cycles is collectively admitted, but the addressed
evidences are in low quality as stated by some reviewers
[1]. Some researchers showed that using GnRH-a could
be considered feasible as the sole source of LPS instead
of progesterone. For instance, the RCT conducted by
Pirard et al. showed a better efficacy for GnRH-a admin-
istration in IVF/ICSI antagonist protocols than for pro-
gesterone administration as the classic LPS [16]. In

another more recent and extended study by Hava et al.,
the efficacy of GnRH-a administration was compared to
progesterone as LPS in classic antagonist protocols [17].
Despite the inherent biases in the later non-randomized
study, a meaningful boost was observed in the rate of
ongoing pregnancy in the GnRH-a receiving group [17].
The findings of Hava et al. were confirmed by other
RCTs that suggested the GnRH-a administration as a
practical LPS in antagonist protocol [18]. However, their
results have been challenged by other studies addressing
that the ICSI-assisted pregnancies supported by GnRH-a
administration in the luteal phase in agonist protocols
have not necessarily accomplished [19–21].
The observed inconsistency in the influence of GnRH-

a administration between the antagonist and agonist
protocols can be possibly due to the saturation and
downregulation of the GnRH receptors in the reproduct-
ive organs due to the continuous administration of
GnRH-a in agonist protocols [14, 20]. In support of this
conclusion, Kung et al. reported that the luteal GnRH-a
administration can increase the rates of the clinical preg-
nancy and live birth when the GnRH antagonist is pre-
scribed in a co-treating protocol, whereas it does not
make any difference in patients who are treated using a
long GnRH-a downregulation protocol [22].
A variety of protocols have been studied to detect the

reason underlying the inconsistent results in comparing
the single-dose or continuous administration and SC or

Table 2 Demographic and clinical characteristics of the studied groups

Characteristics Group p value

GnRH agonist Placebo

Number of patients 122 118 –

Age (years) 31.77 ± 4.57 32.11 ± 5.05 NS

BMI 25.63 ± 3.13 25.89 ± 4.01 NS

Duration of infertility (years) 3.9 ± 2.4 4.1 ± 1.6 NS

Type of infertility (primary), (%) 83.8 79.7 NS

Type of infertility (secondary), (%) 16.2 20.3 NS

Number of previous ICSI or IVF-ET 2.5 ± 0.4 2.2 ± 0.6 NS

FSH (day 3) (mIU/ml) 6.9 ± 3.1 7.1 ± 2.4 NS

AMH (ng/ml) 3.15 ± 2.55 3.74 ± 2.15 NS

Sperm (count/ml) (59 ± 41) × 106 (55 ± 39) × 106 NS

AMH anti-Mullerian hormone, BMI body mass index, FSH follicle-stimulating hormone, NS non-significant

Table 3 Pregnancy outcome analysis of the studied groups

Parameter Group p value

GnRH agonist Placebo

Chemical pregnancy (%) 40 41.7 0.797

Clinical pregnancy (%) 36.7 25.8 0.0089*

Multiple pregnancy (%) 10 9.2 0.827

*Significant
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nasal administration of the GnRH-a. Nevertheless, lots
of questions remain to be answered. There are some
molecular studies which have shown interactions be-
tween GnRH-a and the endometrial function; however,
there has been no significant clinical relation [23, 24].
The result obtained from our study is in line with the

report presented by Zafardoust et al. that stated adminis-
tration of GnRH-a in antagonist protocols in the luteal
phase can improve pregnancy rate [25]. Zafardoust et al.
showed that GnRH-a (Decapeptyl) administration (6
days after oocyte retrieval) could improve the implant-
ation and pregnancy rates in women with a history of
several IVF/ICSI failures [25]. However, Benmachiche
et al. concluded that a single-dose administration of
GnRH-a (6 days after oocyte retrieval) was inefficient to
affect the reproductive outcomes [26]. They also ob-
served a meaningful increase in the levels of mid-luteal
endogenous gonadotropins and steroids [26].
Considering the broad heterogeneity between the tri-

als, further studies including systematic reviews are re-
quired to provide enough evidence about the efficiency
and safety of GnRH-a administration in the luteal phase.

Conclusion
Our study demonstrated that the administration of a sin-
gle dose of triptorelin 6 days after oocyte retrieval in
candidate women for ICSI cycles following the ovarian
stimulation with GnRH antagonist protocol led to a sig-
nificant improvement in pregnancy rate.
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