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Objective: The feasibility of a gonadotropin-releasing hormone agonist (GnRHa) trigger in normal responders is still a matter of debate. The 
aim of this study was to compare the number of mature oocytes, the number of good-quality embryos, and the live birth rate in normal re-
sponders triggered by GnRHa alone, GnRHa and human chorionic gonadotropin (hCG; a dual trigger), and hCG alone. 
Methods: A retrospective cohort study was conducted at the infertility clinic of a university hospital. Data from 200 normal responders who 
underwent controlled ovarian hyperstimulation and intracytoplasmic sperm injection with a GnRH antagonist protocol between January 
2016 and January 2017 were reviewed. The first study group consisted of patients with cycles triggered by GnRHa alone. The second study 
group consisted of patients with cycles triggered by both GnRHa and low-dose hCG (a dual trigger). The control group consisted of patients 
with cycles triggered by hCG alone. 
Results: The groups were comparable in terms of demographics and cycle characteristics. The numbers of total oocytes retrieved and meta-
phase II oocytes were similar between the groups. The total numbers of top-quality embryos were 3.2±2.9 in the GnRHa group, 4.4±3.2 in 
the dual-trigger group, and 2.9±2.1 in the hCG group (p=0.014). The live birth rates were 21.4%, 30.5%, and 28.2% in those groups, respec-
tively (p=0.126). 
Conclusion: In normal responders, a dual-trigger approach appears superior to an hCG trigger alone with regard to the number of top-quali-
ty embryos produced. However, no clinical benefit was apparent in terms of live birth rates. 
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Introduction 

Mature oocytes are necessary for oocyte retrieval and fertilization, 
and final oocyte maturation is the key step in assisted reproductive 
technology (ART) cycles. Human chorionic gonadotropin (hCG) has 
been used for final oocyte maturation for many years and has been 
demonstrated to promote an increased pregnancy rate. However, 
the administration of hCG for final oocyte maturation results in sup-
raphysiologic steroid levels in the luteal phase due to its long half-life 
and is consequently associated with an increased risk of ovarian hy-
perstimulation syndrome (OHSS) [1]. In addition, it has been sug-



gested that an hCG trigger may have negative impacts on endome-
trial receptivity and embryo quality [2]. 

At the end of the last century, gonadotropin-releasing hormone 
agonists (GnRHas) were introduced to promote final oocyte matura-
tion in GnRH antagonist cycles [3,4]. GnRHa has been documented 
to induce endogenous luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) surges similar to the natural mid-cycle LH 
surge with a shorter duration and smaller amplitude than are associ-
ated with the administration of exogenous hCG, which may help to 
reduce the risk of OHSS [3,5]. The use of a GnRHa trigger may have 
possible benefits, including the induction of both an FSH and an LH 
surge and the possibility of retrieving more metaphase II (MII) oo-
cytes than is expected with an hCG trigger [2,3,5]. Previously, the 
major drawback of a GnRHa trigger was LH depletion and the with-
drawal of LH support of the corpus luteum, reflected by a reduced 
live birth rate and an increased miscarriage rate [2,5]. However, this 
problem has been overcome with intensive luteal phase support 
(LPS) and luteal-phase hCG administration [6]. 

As a result of developments in LPS, the concept of a GnRHa trigger 
has been fully established during the last decade in hyper-responder 
patients [6,7]. However, insufficient evidence is available regarding 
the impact of a GnRHa or a dual trigger on normal responders. A re-
cent observational study reported cycle outcomes following a Gn-
RHa trigger with exclusive hCG support in a progesterone-free luteal 
phase, and the results were comparable to those of cycles triggered 
by hCG [8]. This study was rare in that it supported a GnRHa trigger 
as a valid alternative in normal responders. However, a GnRH trigger 
is not yet a standard of care, and its feasibility in normal responders 
needs to be clarified. 

The aim of the present study was to investigate whether differenc-
es were present in the number of oocytes collected, the number of 
top-quality embryos, and the live birth rate in normal responders 
triggered by GnRHa alone, GnRHa and hCG (a dual trigger), and hCG 
alone. 

Methods 

In the present retrospective cohort study, data from normal re-
sponders who underwent intracytoplasmic sperm injection follow-
ing a cycle downregulated by a GnRH antagonist at a universi-
ty-based infertility clinic between January 2016 and January 2017 
were reviewed. The study was approved by the Ethical Committee of 
Ankara University School of Medicine (No. 08-341-16). In total, 214 
patients who underwent intracytoplasmic sperm injection cycles 
with an antagonist protocol involving a starting dose of 225 IU per 
day during the study period were selected from the hospital data-
base. The inclusion criteria were the female patient being 18–40 

years of age, a baseline FSH level of 3–15 IU/L, a baseline LH level 
above 3 IU/L, a normal response to ovarian stimulation, and (as men-
tioned above) a starting dose of gonadotropin stimulation of 225 
IU/day. Cases of female factor infertility (tubal factor, pelvic adhe-
sions, or mild endometriosis), mild male factor infertility, and unex-
plained infertility were included in the analyses. A normal response 
was defined as the aspiration of 6–14 oocytes and a maximum oes-
tradiol level lower than 2,500 pg/mL. The exclusion criteria were sec-
ondary infertility, a body mass index over 30 kg/m2, poor or hyper-re-
sponse to ovarian stimulation, severe male oligozoospermia or azo-
ospermia, the presence of any untreated thyroid dysfunction or hy-
perprolactinaemia, the presence of uterine abnormality, and the 
avoidance of fresh embryo transfer (freeze-all). After application of 
the inclusion and exclusion criteria, 200 patients were found to be el-
igible for analysis. Eleven patients who underwent a freeze-all cycle 
and three patients with abnormal thyroid function tests were exclud-
ed. For all women, only the first fresh cycles were included in the 
analyses.  

For eligible participants, all data on ovarian stimulation and clinical 
outcomes were extracted from the database, and patients were di-
vided into three groups according to the trigger method. The first 
study group consisted of patients with cycles triggered by GnRHa 
alone. An injection of 0.2 mg triptorelin acetate (Gonapeptyl 0.1 mg; 
Ferring, Istanbul, Turkey) or 1 mg (20 units in a tuberculin syringe of 5 
mg/mL injectable solution) leuprolide acetate (Lucrin 5 mg; Abbott, 
Istanbul, Turkey) was administered for final oocyte maturation in the 
GnRHa group. The second study group consisted of patients with cy-
cles triggered by both GnRHa and hCG (the dual-trigger group). 
Those patients received an additional 1,500-IU hCG injection for final 
oocyte maturation (Pregnyl 5,000 IU; MSD, Oss, the Netherlands). The 
control group consisted of patients with cycles triggered by 10,000 
IU hCG alone (the hCG group). The method of final oocyte matura-
tion was based on the primary physician’s preference. Additionally, 
as we previously reported that triptorelin acetate and leuprolide ace-
tate have similar effects on final oocyte maturation, we included 
both drugs in the study [7]. 

Ovarian stimulation was carried out with recombinant FSH (Go-
nal-F; Merck-Serono, Istanbul, Turkey) beginning on the second day 
of the menstrual cycle with a fixed starting dose of 225 IU/day when 
the antral follicle count was < 12 per ovary. The dose was adjusted 
individually according to the ovarian response. A GnRH antagonist 
(Cetrotide, Merck-Serono) was introduced at a dose of 0.25 mg/day 
on the 6th day (a fixed antagonist protocol) and continued to be ad-
ministered throughout ovarian stimulation. When at least two folli-
cles reached 18 mm or three follicles reached 17 mm in diameter, an 
agent was administered to trigger final oocyte maturation. Trans-
vaginal ultrasonography-guided oocyte retrieval was performed 
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35–36 hours after final oocyte maturation. Embryo transfer was per-
formed on the third day of oocyte retrieval. A maximum of two em-
bryos were transferred under ultrasound guidance in accordance 
with national embryo transfer regulations. 

All women received 90 mg/day of vaginal micronized progester-
one (Crinone 8% gel, Merck-Serono) for LPS from the day of oocyte 
collection until the pregnancy test performed 12 days after ET, and 
women with a positive pregnancy test continued this LPS regimen 
until 10 weeks of gestation. In addition, 1500 IU of hCG was adminis-
tered on the day of oocyte retrieval for LPS in the GnRHa group. 

Morphologically, top-quality embryos were those with the follow-
ing characteristics: four or five blastomeres on day 2 and at least sev-
en blastomeres on day 3, an absence of multinucleated blastomeres, 
and < 20% fragmentation on days 2 and 3 after fertilization [9]. A 
positive pregnancy test was defined based on serum β-hCG levels 
measured 2 weeks after embryo transfer. Clinical pregnancy was de-
fined as a pregnancy diagnosed via ultrasonographic visualization of 
one or more gestational sacs or definitive clinical signs of pregnancy. 
The primary outcome measures were the live birth rate, the number 
of good-quality embryos, and the number of mature oocytes. 

1. Statistical analysis 
Data analyses were performed using IBM SPSS ver. 21.0 (IBM Corp., 

Armonk, NY, USA). Samples were tested with the Shapiro-Wilk test to 
determine the normality of the distribution. Based on the results, 
parametric tests were preferred. The continuous variables were com-
pared using one-way analysis of variance. The categorical variables 
were compared using the chi-square test or Fisher exact test, as ap-
propriate. A p-value of < 0.05 was considered to indicate statistical 
significance. When a statistically significant difference was present, a 
post-hoc analysis was performed between each pair of groups to 
identify the source of the statistical significance. 

Results 

The groups were comparable in baseline and demographic pa-
rameters, including age, body mass index, duration of infertility, 
cause of infertility, and baseline hormonal status (Table 1). All pa-
tients were normal responders from whom between 6 and 14 oo-
cytes were collected.  

The total dose of gonadotropins used, the duration of ovarian 
stimulation, number of oocytes collected, number of MII oocytes, 
and fertilization rate were comparable among the groups (Table 2). 
The number of transferred embryos was 1.1 ± 0.7 in the GnRHa 
group, 1.2 ± 0.6 in the dual-trigger group, and 1.2 ± 0.5 in the hCG 
group. The total number of top-quality embryos was 3.2 ± 2.9 in the 
GnRHa group, 4.4 ± 3.2 in the dual-trigger group, and 2.9 ± 2.1 in the 
hCG group (p = 0.014). The statistical significance stemmed from the 
difference between the dual-trigger and hCG groups (p = 0.011). 

The clinical pregnancy and miscarriage rates were similar among 
the groups. The live birth rates per started cycle in the GnRHa, du-
al-trigger, and hCG trigger groups were 21.4%, 30.5%, and 28.2%, re-
spectively (p = 0.126) (Table 2). No cases of OHSS were found in any 
of the groups. 

Discussion 

The present retrospective cohort study was conducted to assess 
the impact of the trigger of final oocyte maturation in antagonist 
co-treated ART cycles in normal responders. Three trigger methods 
were compared: a GnRHa trigger, an hCG trigger, and a dual trigger 
involving GnRHa and hCG. According to the results, the dual-trigger 
method resulted in a significantly higher number of top-quality em-
bryos than the hCG trigger. However, the live birth rates were com-
parable among the groups. Although the live birth rate was lower in 

Table 1. Demographic and baseline characteristics of the study groups

Variable GnRHa (n = 56) Dual trigger (n = 59) hCG (n = 85) p-value
Age (yr) 30.6 ± 4.7 31.4 ± 4.2 32.1 ± 4.5 0.188
Body mass index (kg/m2) 23.5 ± 4.2 24.8 ± 3.5 24.9 ± 3.7 0.166
Basal E2 (pg/mL) 42.2 ± 2.14 53.4 ± 3.8 48.7 ± 2.02 0.092
Baseline FSH (IU/mL) 8.2 ± 4.4 75 ± 4.5 82 ± 3.7 0.571
Baseline LH (IU/mL) 4.7 ± 2.7 4.4 ± 2.3 4.4 ± 2.1 0.761
Duration of infertility (yr) 6.4 ± 3.5 6.1 ± 2.8 5.8 ± 2.4 0.508
Cause of infertility 0.062
 Female factor 9 (16.1) 15 (25.4) 20 (23.5)
 Male factor 31 (55.4) 17 (28.8) 38 (44.7)
 Unexplained 16 (16.1) 27 (16.1) 27 (16.1)

Values are presented as mean±standard deviation or number (%). 
GnRHa, gonadotropin-releasing hormone agonist; hCG, human chorionic gonadotropin; E2, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing 
hormone.
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the GnRHa-trigger group than in the other groups, this difference 
was not statistically significant. 

hCG has been used in routine ART cycles for final oocyte matura-
tion. Usually, a bolus of 5,000–10,000 IU of hCG is administered to 
promote final oocyte maturation and ovulation. hCG primarily binds 
LH receptors to facilitate oocyte maturation. The sustained luteo-
trophic effect of hCG (owing to its long half-life) supports the luteal 
phase but also increases the risk of OHSS [1]. Although both LH and 
FSH surge during natural cycles to trigger ovulation, hCG lacks FSH 
receptor activity. Since FSH induces LH receptor formation on granu-
losa cells to promote oocyte maturation and cumulus expansion, an 
hCG trigger does not fully resemble natural oocyte maturation and 
ovulation [10]. Unlike hCG, a GnRHa trigger results in both LH and 
FSH surges [11]. Hence, the result is more similar to natural ovulation. 
In addition, a GnRHa trigger can also activate the GnRH receptors on 
granulosa cells, which may regulate ovulation [12]. Previously, the 
most important drawback of a GnRHa trigger was the associated low 
clinical pregnancy and high miscarriage rates [13,14]. Then, the Co-
penhagen Workshop group suggested that the luteolytic properties 
of GnRHa were effective in preventing OHSS, but also result in lower 
success rates [15]. The LH surge following a GnRHa trigger peaks 
more rapidly and has a shorter duration than the LH surge in a natu-
ral cycle [16]. This short surge results in oocyte maturation and ovu-
lation but is not sufficient to support the corpus luteum [17]. This 
suggestion has led to the utilization of new LPS strategies, such as 
intensive luteal support, adjuvant low-dose hCG at the same time as 
GnRHa administration (dual trigger) or on the day of oocyte retrieval, 
and adjuvant very-low-dose hCG in the luteal phase [18-21]. Because 
of these strategies, the pregnancy rates have become comparable to 

those obtained using an hCG trigger, and OHSS rates have decreased 
significantly [18,22]. 

A GnRHa trigger has become one of the preferred strategies to 
avoid OHSS in hyper-responder patients worldwide. However, it also 
confers additional benefits to ART cycles. Griffin et al. [10] reported 
the results of patients with a history of a > 25% proportion of imma-
ture oocytes retrieved in a prior IVF cycle who were treated with a 
GnRHa trigger in the subsequent cycle. The authors reported a sig-
nificantly increased rate of oocyte maturation following a GnRHa 
trigger (75%) compared to an hCG trigger (38.5%) [10]. In another 
study, Kim et al. [23] randomly assigned normal responders to du-
al-trigger and hCG-trigger groups. They found significant improve-
ments in the implantation rate (24.7% vs. 14.9%), clinical pregnancy 
rate (53.3% vs. 33.3%), and live birth rate (50% vs. 30%) when a du-
al-trigger approach was used [23]. The suggested benefits of a dual 
trigger are improvements in endometrial receptivity and pregnancy 
rate.  

In the present study, we demonstrated a significantly greater 
number of top-quality embryos in normal responders treated with a 
dual-trigger approach compared to an hCG trigger alone, but not to 
a GnRHa trigger alone. However, we failed to show a significant dif-
ference among the groups regarding live birth rates. While the differ-
ence was not statistically significant, the live birth rate in the GnRHa 
trigger group was remarkably lower than in the dual- and hCG-trig-
ger groups (21.4% vs. 30.5% vs. 28.2%, respectively). The mean num-
bers of oocytes retrieved and MII oocytes were comparable among 
the groups in our study. However, the total number of MII oocytes 
tended to be greater in the dual-trigger group than in the other 
groups. Hence, the results of this study should be interpreted with 

Table 2. Comparison of cycle characteristics and outcome parameters between the study groups

Variable GnRHa (n = 56) Dual trigger (n = 59) hCG (n = 85) p-value
Duration of stimulation (day) 9.4 ± 1.3 9.5 ± 2.4 9.3 ± 1.7 0.913
Total dose of gonadotropins (IU) 2,442 ± 975 2,390 ± 1,049 2,725 ± 932 0.086
Oestradiol levels on the day of trigger (pg/mL) 1,640 ± 1,205 1,916 ± 1,128 1,406 ± 928 0.026a)

Number of retrieved oocytes 7.4 ± 4.9 9.2 ± 5.3 7.6 ± 4.5 0.087
Number of MII oocytes 6.2 ± 4.2 7.2 ± 4.7 5.6 ± 3.7 0.095
Fertilization rate (%) 69 ± 42 70 ± 33 62 ± 29 0.500
Number of top-quality embryos 3.2 ± 2.9 4.4 ± 3.2 2.9 ± 2.1 0.014b)

Number of transferred embryos 1.1 ± 0.7 1.2 ± 0.6 1.2 ± 0.5 0.291
Endometrial thickness on the day of embryo transfer (mm) 10.4 ± 1.7 10.4 ± 1.8 10.7 ± 1.6 0.490
Positive pregnancy test 15 (26.8) 20 (33.9) 31 (36.5) 0.141
Clinical pregnancy 13 (23.2) 20 (33.9) 26 (30.6) 0.112
Miscarriage 1 (1.8) 2 (3.4) 2 (2.4) 0.148
Live birth 12 (21.4) 18 (30.5) 24 (28.2) 0.126

Values are presented as mean ± standard deviation or number (%). 
GnRHa, gonadotropin-releasing hormone agonist; hCG, human chorionic gonadotropin; MII, metaphase II. 
Significant difference between the dual-trigger and hCG groups: a)p < 0.001, b)p = 0.011.
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caution, as the number of top-quality embryos could be affected by 
the number of MII oocytes. Additionally, the greater number of MII 
oocytes could result from the type of trigger, as well the higher peak 
oestradiol levels in the dual-trigger group. 

Recently, in a retrospective cohort study, Zhou et al. [24] demon-
strated that a dual trigger results in greater numbers of two-pro-
nuclear embryos, embryos available, and high-quality embryos. 
They also reported nonsignificant trends towards higher implanta-
tion, clinical pregnancy, and live delivery rates in the dual-trigger 
group compared to the hCG-trigger group [24]. In another recent 
study, Beck-Fruchter et al. [8] compared the results following a Gn-
RHa trigger and an hCG trigger in normal responders. The authors 
reported similar outcomes regarding the number of oocytes, oo-
cyte maturation rate, implantation rate, and live birth rate [8]. Our 
results aligned with the results of these two recent studies in that 
a dual trigger was superior to an hCG trigger alone. However, we 
showed no significant advantage of a dual trigger over a GnRHa 
trigger alone in normal responders with regard to the number of 
top-quality embryos. 

The most important strength of our study was its comparison of 
three different types of ovulation triggers. To the best of our knowl-
edge, this is the first study that included a comparison between a 
dual trigger and a GnRHa trigger in normal responders. The system-
atic exploration of individual parameters may also add credence to 
our observations. The main limitations of the present study were its 
retrospective nature and small sample size. For instance, the non-sig-
nificant differences among the dual-trigger group and the other 
groups regarding oocyte numbers, MII numbers, and (in particular) 
live birth rates may be reflections of the small sample size. Consider-
ing the relatively low live birth rate found in the GnRHa-trigger 
group, one could assume that a significant difference might be pres-
ent if a larger cohort were used. However, when interpreting the re-
sults, the smaller number of patients and higher peak oestradiol lev-
els in the dual-trigger group should be noted as limitations of this 
study. Also, the non-randomized case selection makes our study un-
likely to be involved in future meta-analyses. Another limitation of 
our study was the absence of frozen-thawed cycles in the analyses. It 
is plausible that the inclusion of such cycles would result in better 
outcomes. Finally, the lack of a sample size calculation should also be 
noted as a limitation of this study. 

In conclusion, in terms of the number of top-quality embryos in 
normal responders, a dual-trigger approach seems superior to an 
hCG trigger alone, but not superior to a GnRHa trigger alone. How-
ever, no clinical benefit seems to exist in terms of live birth rates. Fu-
ture randomized controlled trials in large cohorts and meta-analyses 
are needed to clarify the exact impact of the trigger of final oocyte 
maturation in normal responders undergoing ART cycles. 
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