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Abstract

Obijectives: This study aims to analyze the effects of three types of triggers— human chorionic gonadotropin (hCG), GnRH-a, or a
combination of them (dual)—on the quality of oocytes, embryos, and ovarian hyper-stimulation syndrome (OHSS) in the ICSI cycle.
Materials and Methods: A prospective case-control study was conducted on 320 women referred to Milad IVF Center, Mashhad, Iran,
between May 2016 and June 2019. All the participants underwent an antagonist protocol and were classified according to the trigger
type into three groups: 118 patients in the GnRH-a group, 49 in the hCG group, and 153 in a dual group. The outcome measures
included the number of metaphase | and metaphase Il oocytes, germinal vesicle (GV) oocytes, high-quality embryos, and the rate of
OHSS.

Results: The three groups did not exhibit statistically significant differences concerning the quantities of retrieved oocytes: M |l
oocytes, M | oocytes, GV oocytes, and embryos. The dual trigger method resulted in significantly higher embryo quality (P=0.017).
In comparison to dual and GnRH-a group triggers, it was observed that women administered with the hCG group trigger displayed an
increased occurrence of OHSS, and the number of severe OHSS in the dual trigger was higher than in the GnRH-a and hCG groups.
Conclusions: The GnRH agonist alone and the dual trigger can be as effective as the hCG trigger. A GnRH agonist is preferable in
high-risk patients. Therefore, it is imperative to administer the treatment based on the patient’s status.

Keywords: In vitro fertilization, Human chorionic gonadotropin, Gonadotropin-releasing hormone agonist, Ovarian hyper-stimulation

syndrome

Introduction

Duringinvitro fertilization (IVF), after ovarian stimulation
and the development of follicles by gonadotropins, the
final maturation of oocytes is achieved using an ovulation
trigger (1). Over the past two decades, human chorionic
gonadotropin (hCG) has been used as a conventional
protocol for final follicular maturation due to its structural
and biological similarities with endogenous luteinizing
hormone (LH), which imitates the physiological LH surge
for oocyte maturation (2,3).

However, the use of hCG is concomitant with an
increase in the risk of ovarian hyperstimulation syndrome
(OHSS) due to its long half-life in the luteal phase (4).Also,
it is established that follicle-stimulating hormone (FSH)
needs to improve the quality of oocytes, and hCG lacks
FSH in the middle of the cycle (5,6). The presence of FSH
in the oocyte maturation process has been demonstrated
in a large number of studies; the GnRH agonist raises the
proportion of mature oocytes (7,8). In contrast to hCG,
the gonadotropin-releasing hormone agonists (GnRH-a)
provide a more physiological trigger effect owing to a
shorter half-life, resulting in a gonadotropin surge that

lasts 34 hours, so there is often poor LH support for the
corpora lutea after ovulation, so intensive luteal support
is required to ensure implantation and ongoing pregnancy
(9,10).This reduced duration of luteotropic activity greatly
reduces the potential for OHSS (11).

Several researchers have reported that the rate of mature
oocytes and the number of good-quality embryos were
equivalent or greater when using the GnRH-a trigger than
the hCG trigger (12).

Subsequent studies comparing clinical outcomes
between GnRH-a and hCG triggers in oocyte donation
cycles revealed comparable efficacy but with a significantly
reduced rate of OHSS in GnRH-agonist-triggered cycles
(13,14). Moreover, there is no significant difference
between implantation, pregnancy, or miscarriage rates in
GnRH agonist trigger and hCG trigger (14)

An alternative proposed trigger is a dual trigger,
including a combination of GnRH-a and a low dose of
hCG (1000-1500 units). One study has shown that the
effect of a dual trigger in final oocyte maturation is similar
to the GnRH agonist triggers in autologous cycles (15).
A systematic review by Oliveira et al. showed that a dual
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Key Messages

» This study evaluated the effect of three triggers on the
quality and quantity of oocytes and embryos in the ICSI
cycle.

» It was found, the GnRH agonist alone and the dual trigger
can be as effective as the hCG trigger.

»  The viable embryos and quantity of grade 1 embryos were
slightly higher in dual groups.

»  This study suggests that it is more logical to use a GnRH
agonist instead of HCG in high-risk patients.

trigger is an excellent alternative for final maturation in
poor and normal respondents. Still, there is no indication
of dual use among high respondents (16). Also, Ding et
al and Chen et al performed two systematic reviews and
meta-analyses, and both of them concluded that the
quantity of oocyte M II and mature oocyte was identical
in both dual trigger and hCG instances, and dual trigger
has also improved clinical pregnancy rates considerably
(17,18). However, Hu et al recently conducted a systematic
review and meta-analysis of randomized trials. They
found that dual trigger treatment improved the number
of mature MII oocytes collected, the number of oocytes
retrieved, viable embryos, and fertilized oocytes (19).
These findings suggest that the GnRH-a component of
trigger dual is beneficial in maturing oocytes, boosting
pregnancy, and reducing OHSS syndrome.

Objectives

This study compares the number of retrieved oocytes,
mature oocytes, top-quality embryos, and OHSS rate
between three groups: GnRH-a, dual, and hCG triggers in
antagonist IVF cycles.

Material and Methods

Study Design

A prospective case-control study enrolled individuals
attending Mashhad University-affiliated Infertility and
IVF Center (Milad), Mashhad, Iran, between May 2016
and June 2019 — 320 women who were referred for
treatment of infertility enrolled in the study.

The sample size was calculated using G*Power software
based on Haas et al study. Considering the number of eggs
retrieved (11.1 versus 13.4), the total sample size in this
study was calculated to be 213 people. Considering 20%
of the confounding variables, 320 people were invited to
the study and divided into three groups according to the
conditions of drug consumption (20).

Study Participants

The inclusion criteria for participating in the study
were women aged 18-40 years, body mass index (BMI,
calculated as weight in kilograms divided by height in
meters squared) <30, and high risk for OHSS (having
more than 20 follicles > 12 mm on the day of trigger

administration).

The exclusion criteria included having cardiovascular
disease, liver disease, hyperprolactinemia, asthma, and
hypertension, as well as age > 40 years old. Also, patient
dissatisfaction with continued treatment was considered
an exclusion criterion.

At the beginning of the study, women underwent
complete evaluations such as clinical history, physical
examination, laboratory test, transvaginal sonography,
and profile hormone. If they met the inclusion criteria,
they entered the study.

Ovarian Stimulation Protocols

The participants underwent GnRH antagonist protocol
ovarian stimulation to prepare for IVE On the second day
of the menstrual cycle, all participants were investigated
with transvaginal ultrasound at the onset of menses. If the
endometrial thickness was less than 5 mm and the ovaries
were quiet, ovarian stimulation would be started.

Stimulation protocol treatment was initiated on the
third day of menses with the daily use of recombinant
human FSH (Cinna Gen, Tehran, Iran) at 150-225 IU. The
gonadotropin dose was individually adjusted according to
prior cycles’ ovarian reserve tests, BMI, age, and response.

Once the leading follicle reached a size of 12-13 mm, co-
treatment with the GnRH antagonist 0.25 mg/d Cetrotide
(Merck Serono, Mississauga, Canada) and highly purified
human menopausal gonadotropin (Menotropin 75 IU,
Darou Pakhsh Pharmaceutical Co., Tehran, Iran) was
commenced. Follicle growth was continuously monitored
using ultrasound, and the drug dose was adjusted based
on ovarian response.

All ultrasound exams were performed by one researcher
using a Phillips Affinity 70 device at the Milad infertility
center.

When the dominant follicles reached an average
diameter of 18-20 mm (the morning of the trigger day),
the investigators recruited the patients for the study. After
the participants provided written informed consent, based
on the physician’s preference (36.9%), 118 patients in the
GnRH-a group (15.3%), 49 patients in the hCG group,
and (47.8%), 153 patients in the dual group (GnRH-a
and hCG) were assigned. In the hCG group, patients
were triggered for final follicular maturation with hCG
(Pregnil 5000 IU HCG; Pooyesh Darou, Tehran, Iran).
When the serum estradiol level was lower than 4000 pg/
mL in the dual trigger group, patients were triggered with
a GnRH agonist (Decapeptyl 0.2 mg, Ferring, Germany)
and a low-dose hCG of 1500 IU. In the GnRH agonist
group, the GnRH agonist (Decapeptyl 0.2 mg) was used
alone to trigger. Oocyte retrieval was performed via the
transvaginal US-guided needle (K-OPSD-1730-A-L;
Cook Australia Pty Ltd., Brisbane, Australia) puncture 36
hours after injection of the trigger.

Embryo quality was assessed on the third day of
fertilization and evaluated according to Cummins et
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al’s standard as grade 1 (excellent embryos with eight
blastomeres with cell regularity and size equality without
necrosis and fragmentation), grade 2 (embryos 1-20%
fragmentation), grade 3 (21-50% fragmentation), and
grade 4 (fragmentation greater than 50%) (21).

Outcome Measures

The primary outcome measure was the number of oocytes
derived in every group and the number of M II, M I, and
germinal vesicle (GV) oocytes. The secondary outcome
measures the rate of fertilization, the rate of embryos
in grades 1 and 2, and the occurrence rate of OHSS.
The fertilization rate was calculated as the ratio of the
number of embryos fertilized over the number of oocytes
inseminated.

The OHSS classification is based on the Humaidan
et al. criteria (22). Mild OHSS was determined by the
existence of pelvic discomfort, abdominal distension, and
the presence of ascites in the Douglas pouch and enlarged
ovaries in ultrasonography. Moderate OHSS was stated in
the presence of pelvic discomfort, abdominal distension,
ultrasonic evidence of fluid in Douglas’s pouch and
around the uterus (major pelvis), ovarian enlargement,
and hemoconcentration (hematocrit > 45%).

Severe OHSS was defined in the presence of both
objective criteria (fluid collection in the pelvic pouch
and around intestinal loops, hematocrit >45%, white
blood cells >15000, urine outputs <600 mL per 24 hours)
and subjective criteria (pelvic discomfort, abdominal
distension, severe dyspnea, and enlarged ovaries).

Statistical Analysis

The mean and standard deviation (SD) were calculated
for continuous variables. Continuous variables between
groups were compared using one-way ANOVA, which
depended on whether the data was normally distributed.
For categorical variables, the chi-square test was used
as the appropriate measure. An ANCOVA analysis was
used to compare the three groups by adjusting for age
and duration of infertility. Statistical analysis on all 320
patients was performed using the Statistical Package for
Social Sciences (SPSS®) version 24. A P value of <0.05 was
considered statistically significant for all statistical tests.

Results

Patients’ Characteristics

A total of 320 patients underwent IVF/ICSI cycles and
were referred to Milad Infertility Center.

The average age of participants receiving GnRH-a was
29.56+4.91; in the hCG group, it was 31.18+6.20, and
the dual trigger was 30.40+5.31. The mean age was not
significantly different in the three groups (P=0.178), but
the average duration of infertility was significantly different
in the three groups (P=0.044). BMI was homogeneous in
the three groups (P=0.212). Additionally, there was no
difference regarding serum FSH or LH between the three
groups (Table 1).

The ovarian stimulation characteristics before oocyte
retrieval were compared in three groups. There was no
statistically significant difference in the total gonadotropin
doses used in stimulation in the GnRH-a, hCG, and dual
trigger groups (P=0.098). Otherwise, no differences

Table 1. Demographic and Clinical Characteristics of the Study Participants in Three Groups

GnRH-a (n=118) hCG (n=49) Dual trigger (n=153) P Value*
Age in year 29.56+4.915 31.18+6.20 30.40+5.31 0.178
BMI (kg/m?) 25.58+3.591 26.26+3.68 25.19+3.98 0.212
Duration of infertility (year) 6.96+4.40 8.48+4.67 6.74+3.99 0.044
Number of consumption drug 28.71+11.61 32.61+13.35 30.93+10.64 0.098
Total dose of gonadotrophins stimulation (1U/mL) 2153.84+870.85 2445.91+143.12 2320.27+798.92 0.098
Total days of gonadotrophins stimulation (days) 11.10+1.94 10.85+1.69 11.25+2.20 0.486
FSH (mIU/mL) 5.52+2.06 5.90+2.58 5.90+2.10 0.313
LH (mIU/mL) 8.10+5.07 6.69+4.60 6.93+£4.76 0.095
Number of follicle 30.76+9.87 23.75+6.45 26.81+8.62 0.000
Pattern of the cycle — Irregular 71 (60.7) 32 (65.3) 90 (58.8) 0.721
Infertility—Primary 92 (78.6) 46 (93.9) 131(86.2) 0.035
Cause of infertility
Female 58 (49.6) 14 (29.2) 65 (42.5)
Male 16 (13.7) 14 (29.2) 37 (24.2)
0.019
Male and female 22(18.8) 11(22.9) 38 (24.8)
Unexpected 21(17.9) 9(18.8) 13 (8.5)

hCG; human chorionic gonadotrophin, BMI; body mass index, FSH; follicle stimulating hormone, LH; luteinizing hormone.

Data are presented as mean + SD, or n (%).
* ANOVA.
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regarding the total days of gonadotrophin stimulation
were found.

Finally, we compared the fertilization characteristics
between the three groups. The majority of patients in
the three groups had primary infertility, and there were
significant differences between each group (P=0.035).
Significant differences existed between the three groups in
the cause of infertility (P=0.019). There was a statistically
significant difference in the total number of follicles in
the three groups: GnRH-a, hCG, and dual trigger groups
(30.76 £9.87 vs. 23.75+ 6.45, 26.81 +8.62, P=0.000).

Table 2 compares the number of follicles, retrieved
oocytes, and mature and immature oocytes between the
three groups. In the comparison of the three groups,
women who received dual trigger and GnRH-a had a
higher number of retrieved oocytes (17.86+7.49 and
17.3746.70vs. 15.43+6.21, P=0.115), but these differences
were not significant. The number of embryos and values
for metaphase II oocytes, metaphase I oocytes, and the
number of GV oocytes were not significantly different
between the three groups. Also, the total number of
viable embryos was slightly higher in the dual trigger
and GnRH-a groups than in the hCG group but was
insignificant (P=0.715). The quantity of grade 1 embryos
was found to be significantly higher in the dual trigger
group, while the proportion of grade 2 embryos was
observed to be higher in the GnRH trigger group.

Table 2 shows the difference between the three groups
regarding the quality embryo percentile between the three
groups (P=0.017).

Table 3 compares the OHSS between the three groups.

Table 2. Comparison of Embryological Data in Three Groups

There were no OHSS in the three groups. In comparison
to dual trigger and GnRH-a, women who received the
hCG group had a higher number of OHSS (15.2 % vs.
9.0%—7.1%, P=0.506). The number of severe OHSS in
dual trigger was higher vs. GnRH-a alone and hCG groups
alone (1.4% vs. 0%).

Discussion

This study identified no statistical difference in the
number of retrieved and MII oocytes in three types of
triggers in the GnRH antagonist protocol. Also, there
was no difference in the number of high-quality embryos
between groups, but the quality of embryos was higher in
dual triggers.

The last two decades have seen a growing trend toward
the use of GnRH agonist triggers to reduce the prevalence
of OHSS (23,24). Also, the use of GnRH-a for triggering
imitates the natural cycle by inducing a mid-cycle FSH
surge and supposedly improves the quality of oocytes.
FSH is a crucial element in stimulating the expression
of LH receptors in oocyte granulosa cells, resumption
of oocyte meiosis, and cumulus expansion (25,26).
Consequently, increasing the proportion of metaphase II
oocytes retrieved would be more advantageous than an
hCG trigger.

Furthermore, Hassl et al conducted a study to assess
the level of messenger RNA (mRNA) expression of
reproduction-related genes in granulosa cells within the
context of cycles triggered by hCG, or GnRH agonist,
and hCG (double trigger). The researchers ultimately
concluded that the quality of oocytes and embryos could

GnRH-a (n=118) hCG (n=49) Dual Trigger (n=153) P Value
Number of oocytes 17.86+7.49 15.43+6.21 17.37+6.70 0.115°
Number embryo 10.66£6.55 9.86+5.63 10.55+5.43 0.715°
Number of MI oocytes 0.81+2.02 0.37+0.85 0.60+3.82 0.664°
Number of MIl oocytes 14.74+7.49 13.76+5.68 15.02+6.58 0.505%
Gv oocyte 0.72 +1.57 0.51x1.37 0.65£1.38 0.696°
Fertilization rate 78.39% 72.42% 70.87% 0.4832
Quality embryo
Grade 1 37 (33.0) 25 (52.1) 71(47.7)
0.017°
Grade 2 74 (66.1) 22 (45.8) 74 (49.7)
Data are presented as mean = SD, or n (%).
* ANOVA; * Pearson chi-square.
Table 3. Comparison of OHSS in Three Groups
GnRH-a (n=118) hCG (n=49) Dual Trigger (n=153) P Value®
OHSS
Mild 6 (5.3) 5(10.9) 8 (5.5)
0.506
Moderate 2(1.8) 2 (4.3) 3.1
Severe 0(0) 0(0) 2(1.4)
Total 8(7.1) 7 (15.2) 14 (9.0)

Data are presented as n (%).
* Pearson chi-square.
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be enhanced in patients undergoing double triggers
as a result of the reduced expression of conexin43 and
increased expression of epiregulin (27).

Various studies have investigated the effectiveness of
dual triggers on the number and quality of oocytes and
embryos. These studies focus on high responders (15,28-
30), poor responders (31), and normal responders (32-34).
In some studies, the proportion of mature oocytes in the
dual trigger was significantly higher than the hCG trigger
(20,35). On the other hand, Zhou stated that an identical
number of oocytes were collected in the two groups (32).

Our study shows an increasing number of mature
oocytes in the dual trigger, but it was not significant. We
compared three types of triggers; the difference between
our findings and those of other studies may be due to the
small sample size in each group. However, our results are
consistent with Alleyassin et al and Decleer et al (33,35).
In addition, our study demonstrated that high-quality
embryos have a higher dual trigger than hCG or GnRH-a
alone. However, there was no difference in the number
of high-quality embryos between groups. Similar to our
result, Ali and colleagues reported a considerable increase
in grade I embryos in the dual trigger group without
any difference in the number of embryos cryopreserved
compared to the hCG group (34), but Hass et al and Zhou
et al revealed dual triggers improve both the quality and
proportion of top embryos (20-32).

Our study also showed that the risk of OHSS is highest
with hCG triggers. OHSS is the most serious complication
in the ART cycle, occurring in 1-5% of patients after
gonadotropin stimulation (36). Two patients in the dual-
trigger group developed severe OHSS. This is clinically
important, but overall, there was no significant difference
in the incidence of OHSS between the three groups.

Similar to our study, O’Neill et al found that dual triggers
are associated with an increased number and maturity
of oocytes collected compared to GnRH agonists alone.
However, they concluded that dual triggers significantly
increased the risk of early OHSS (8.6 vs. 0%) (37). Their
result is almost consistent with our finding that the risk of
OHSS in dual triggers is 9%.

Contrary to previous findings, Li and colleagues have
demonstrated the efficacy of the dual trigger method
in preventing severe OHSS in high-ovarian responders
undergoing GnRH-antagonist protocols while also
maintaining a high rate of high-quality embryos (29).

A recent study was conducted using three types of
triggers: GnRH-a, dual trigger, and hCG in donor cycles.
Ultimately, the number of mature oocytes in the GnRH-a
and dual groups significantly increased compared to
hCG. Additionally, the dual trigger method exhibited the
highest likelihood of OHSS.

These conflicting consequences might be due to
different methods, such as inconsistency in the research
community and the type and dose of drugs. In addition,
studies classified OHSS differently (22,38,39). As Hu et al

mentioned, no agreement exists on the best dose of hCG
and GnRH agonists in the dual trigger (19).

Strength and limitations of the study

A key strength of the present study was comparing three
kinds of triggers together. However, several limitations
of this study need to be acknowledged. First of all, our
findings are limited by using a cross-sectional design.
Therefore, the type of trigger was based on physician
preference. Secondly, the study was conducted with
limited sample sizes and performed in a single center in
Iran, which may not be generalized for all patients. The
relatively smaller size of the hCG patient group compared
to the GnRH and dual groups undermines the robustness
of the conclusions. Finally, the pregnancy outcomes were
not evaluated due to the cryopreservation of all embryos.
This limitation means that the study findings need to be
interpreted cautiously.

Conclusions
The present study shows that three triggers yield similar
effects on oocytes, albeit with a greater number of top-
grade embryos observed in the dual trigger. GnRH-a
alone may be a better trigger for reducing OHSS in high-
risk patients.

Directions for Future Research

It is recommended that further research be undertaken
in the following areas: As mentioned before, the study’s
main limitation is its design, which is better to perform
as a clinical randomized trial focused on comparing the
quality of oocytes and embryos between different triggers.
Large randomized controlled trials could provide more
definitive evidence. In addition, another question raised
by this study is the effect of the type of trigger on the
pregnancy outcome or complication of pregnancy that
needs the follow-up of patients until the birth of a baby.
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