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Abstract

Purpose This study aimed to compare the effect of gonadotropin-releasing hormone agonist (GnRHa) trigger alone versus
dual trigger comprising GnRHa and low-dose human chorionic gonadotropin (hCG) on reproductive outcomes in patients
with polycystic ovary syndrome (PCOS) who received the freeze-all strategy.

Methods A total of 615 cycles were included in this retrospective cohort study. Propensity score matching (PSM) was
performed to control potential confounding factors between GnRHa-trigger group (0.2 mg GnRHa) and dual-trigger group
(0.2 mg GnRHa plus 1000/2000 IU hCG) in a 1:1 ratio. Multivariate logistic regression was applied to estimate the associa-
tion between trigger methods and reproductive outcomes.

Results After PSM, patients with dual trigger (n=176) had more oocytes retrieved, mature oocytes, and 2PN embryos com-
pared to that with GnRHa trigger alone. However, the oocytes maturation rate, normal fertilization rate, and frozen embryos
between the two groups were not statistically different. The incidence of ovarian hyperstimulation syndrome (OHSS) (14.8%
vs. 2.8%, P <0.001) and moderate/severe OHSS (11.4% vs. 1.7%, P <0.001) were significantly higher in dual-trigger group
than in GnRHa-alone group. Logistic regression analysis showed the adjusted odds ratio of dual trigger was 5.971 (95%
confidence interval 2.201-16.198, P <0.001) for OHSS. The pregnancy and single neonatal outcomes were comparable
between the two groups (P> 0.05).

Conclusion For PCOS women with freeze-all strategy, GnRHa trigger alone decreased the risk of OHSS without damaging
oocyte maturation and achieved satisfactory pregnancy outcomes.
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What does this study adds to the clinical work

There are still some concerns that the use of GnRH
agonist single trigger may affect the reproductive
outcomes of patients with high ovarian response.
This study demonstrated that for PCOS patients
with freeze-all strategy, the use of a GnRH agonist
trigger without hCG will not damage the embryo
quality and pregnancy outcome of infertile women,
but decrease their risk of OHSS.

Introduction

According to Rotterdam criteria, 11.2% of Chinese women
aged 12-44 are affected by Polycystic ovary syndrome
(PCOS) [1]. For PCOS patients suffering from infertility,
in vitro fertilization (IVF) and/or intracytoplasmic sperm
injection (ICSI) play an important role in achieving preg-
nancy. However, PCOS women usually exhibit higher sen-
sibility and hyperstimulation responses [2], with more antral
follicle count (AFC) and higher Anti-Miillerian hormone
(AMH) levels [3, 4]. Meanwhile, the diagnosis of PCOS,
elevated AMH values, and a large number of antral follicles
are the risk factors of ovarian hyperstimulation syndrome
(OHSS) [5]. Therefore, PCOS patients are at high risk of
OHSS during the IVF/ICSI procedure.

OHSS is an iatrogenic complication, which will increase
medical expense and even endanger the lives of patients
in severe cases. Gonadotropin-releasing hormone (GnRH)
antagonist protocol is recommended as the primary protocol
of controlled ovarian stimulation for PCOS women [6, 7] to
reduce the risk of OHSS [8]. Moreover, selecting an appro-
priate trigger scheme is crucial to prevent the incidence of
OHSS when inducing final oocyte maturation. The releas-
ing of follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) triggered by GnRH agonist (GnRHa) is more
physiologic than human chorionic gonadotropin (hCG).
Unfortunately, GnRHa was related to a lower clinical preg-
nancy rate and higher miscarriage rate among patients with
fresh embryo transfer [9], which is resulted from the short
duration and low peak concentration of LH after GnRHa
trigger [10]. Therefore, to support luteal phase function and
improve endometrial receptivity, scholars have proposed
the dual-trigger strategy consisting of GnRHa and low-dose
hCG [11, 12].

Nevertheless, retrospective studies have reported that dual
triggers would increase the risk of OHSS in high responders
[13-16]. Currently, frozen embryo transfer (FET) becomes
a routine treatment for high ovarian responders, and the
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freeze-all strategy is widely applied to prevent the OHSS
among PCOS patients [7, 17]. When patients are adminis-
tered by the freeze-all strategy, there seems to be no need
for additional low-dose hCG to improve luteal phase defects,
as fresh embryo transfer is not required and a possible
higher risk of OHSS. And previous studies have revealed
that GnRHa can significantly reduce the risk of OHSS for
patients with the GnRH antagonist regimen [18, 19]. On
the contrary, a prospective cohort study found that supple-
menting low-dose hCG in a single GnRHa trigger for high
responders would have more high-quality embryos, lower
abortion rate, and no increased risk of OHSS during FET
cycles [20]. Moreover, there are still reservations about the
use of GnRHa trigger due to concerns that the oocyte matu-
rity of a small part of patients may decline [21, 22]. Hence,
the effects of GnRHa trigger alone or dual trigger on repro-
ductive outcomes among high responders are controversial.

Therefore, this study aimed to compare the effects of
GnRHa trigger with or without low-dose hCG on reproduc-
tive outcomes, including oocyte maturation, OHSS rate, and
pregnancy and single neonatal outcomes for PCOS patients
when undergoing the freeze-all strategy.

Materials and methods
Study design and participants

This retrospective cohort study was conducted between
March 2016 and December 2021 in the Reproductive Center
of Xinan Gynecology Hospital in Sichuan, China. Medical
records of PCOS patients were reviewed for possible inclu-
sion. The diagnosis of PCOS was based on the Rotterdam
criteria [23]. In this study, PCOS women were administrated
with GnRH antagonist protocol and triggered by GnRHa
alone or in combination with low dose hCG during IVF/
ICSI cycles. Only the first FET cycle after the IVF cycle
was included in this study. As a result, each patient received
only one cycle of evaluation. The inclusion criteria were
described as follows: (1) aged <40 years; (2) with freeze-
all strategy. Women with the following conditions were
excluded from the study: (1) donated oocytes; (2) preimplan-
tation genetic testing; (3) recurrent spontaneous abortion;
(4) untreated hydrosalpinx; (5) endocrine disease (diabetes
mellitus, thyroid dysfunction, Cushing syndrome, hyperprol-
actinemia); (6) endometriosis, uterine adhesion, endometrial
polyps, or unicorn uterus; and (7) missing data.

Ovarian stimulation, IVF/ICSI procedure,
and vitrification

All PCOS patients were administered by GnRH antagonist
protocol. The initial dose of gonadotropin (Gn) was based
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on the patient’s age, body mass index (BMI), and ovarian
reserve (100-300 IU). The injection of Gn (recombinant
FSH, Gonalfin, Merck Serono, Switzerland) was started on
the 2nd—4th days of the menstrual cycle. When the diam-
eter of dominant follicles reached 12—-14 mm or on the
5th—6th days of ovarian stimulation, the GnRH antagonist
(Cetrotide acetate, Merck Serono, Germany) at 0.25 mg/d
was injected subcutaneously until the trigger day. The trig-
ger was performed for final oocyte maturation when at
least three follicles were > 17 mm in diameter. The fol-
lowing trigger patterns were based on the patients’ BMI
and the risk of OHSS (E2 level on hCG day): (1) GnRHa
trigger: 0.2 mg triptorelin (Ferring Pharmaceuticals, Swit-
zerland) alone; (2) dual trigger: 0.2 mg triptorelin plus
1000 or 2000 IU hCG (Lizhu Pharmaceutical, China).
After 34-36 h, oocytes were retrieved by transvaginal
ultrasound. Conventional IVF or ICSI insemination was
performed according to the results of semen analysis.

The presence of two pronuclei (2PN) and two polar
bodies (2 PB) in an oocyte was considered normal fer-
tilization. Moreover, the development of zygotes was
evaluated daily in the cleavage medium (Cook, Dublin,
Ireland). A top-quality cleavage embryo was confirmed by
the Istanbul consensus [24], which includes the following
three criteria: (1) 7-8 cells at 3 days after fertilization,
(2) < 10% fragmentation, and (3) symmetric blastomeres.
Scoring for blastocysts was based on the Gardner classifi-
cation [25]. Blastocysts graded as “grade 1” (AA) were of
top-quality according to the morphology and appearance
of the embryos. All available embryos were cryopreserved
by vitrification for subsequent frozen-thawed cycles.

Endometrial preparation and frozen embryo
transfer

According to the clinical assessment, all patients in this
study underwent hormone replacement cycles to prepare
the endometrium. Oral estradiol valerate (6 mg/d, Abbott,
Holland) was administered on the 2nd—4th days of the
menstrual cycle for 10-12 days. Endometrium thickness
was detected by transvaginal ultrasound. The dose of
estradiol was increased appropriately if the endometrial
thickness was <7 mm. When the endometrial thickness
was > 7 mm, the injection of progesterone (60 mg/d, Zhe-
jiang, Xianju) and oral progesterone (20 mg/d, Duphaston,
Abbott, Netherland) were administered daily to support
luteal function until 14 days after FET. Once the preg-
nancy was confirmed, luteal support would last until
10 weeks of gestation.

The embryos were warmed by rapid thawing method on
the fourth and sixth day after progesterone supplementation

and then cultured in medium (Cook Medicine) until trans-
plantation. On the day of thawing, a maximum of two
embryos was transferred under the guidance of ultrasound.

Outcome measures

The diagnosis of OHSS was based on the criteria proposed by
Golan et al. [26]. Oocyte maturation rate was the percentage
of mature COCs and MII oocytes in the total oocytes retrieved.
The normal fertilization rate was the percentage of 2PN and
2 PB oocytes in inseminated oocytes. The gestational sac with
fetal heartbeat observed by ultrasound 28 days after embryo
transfer was considered a clinical pregnancy. Miscarriage
referred to the loss of clinical pregnancy within 24 weeks of
gestation. The live birth rate was calculated by dividing the
total deliveries with live infants after 24 weeks of gestation by
the total number of transferred cycles. Preterm birth referred
to the delivery of a live baby before 37 weeks of gestation.
Low birth weight was defined as the birth weight of newborns
being less than 2500 g. And small for gestational age referred
to babies’ birth weight below the 10th percentile for the spe-
cific gestational age according to the latest birthweight curve
in China [27].

Statistical analysis

All the statistical analyses were performed using the SPSS
version 25.0 and R software version 4.0.5. In this study, we
applied propensity score matching (PSM) [28]. PCOS women
with different trigger method were randomly matched in a 1:1
ratio without replacement. Based on the following baseline
variables, the propensity score was calculated by binary logis-
tic regression: female age, BMI, primary infertility, duration
of infertility, previous IVF/ICSI cycles, basic concentrations
of FSH and LH, antral follicle count (AFC), anti-Mullerian
hormone (AMH), LH and E2 levels on hCG day, number of
follicles > 14 mm on hCG day, the total dose of Gn, duration
of stimulation, and fertilization method. We used the nearest
neighbor matching with a 0.02 caliper.

We used the Shapiro—Wilk test to assess the normality of
the data. Continuous variables with normal distribution were
expressed as mean = standard deviation (SD) and compared
by Student’s #-test or one-way analysis of variance, whereas
the non-normal distribution continuous variables were pre-
sented as median (interquartile range, IQR) and compared by
Mann-Whitney U test. Categorical variables were presented
as frequency (percentage) and compared by Chi-square test
or Fisher’s exact test, as appropriate. Binary logistic regres-
sion analyses were carried out to further control possible con-
founding factors. P-values (two tailed) < 0.05 were considered
indicative of statistical significance.
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Results

The flowchart of this study is shown in Fig. 1. The pre-
treatment characteristics and ovarian stimulation param-
eters of the two groups before and after PSM are listed in
Table 1. Before matching, the BMI and dose of Gn used
were significantly higher in dual-trigger group than in
GnRHa-trigger group (24.4 +4.1 vs. 22.7+ 3.3, P<0.001;
1894 +757 vs. 1565 +491, P<0.001). Women in dual-
trigger group had less AFC (30.4+8.4 vs. 31.9+8.8,
P =0.023) and lower concentration of E2 (5795 + 1818
vs. 7062 + 1784, P <0.001) compared to those in GnRHa-
trigger group. And there were more patients in dual-trigger
group who underwent previous IVF/ICSI cycles (5.9% vs.
1.7%, P=0.004). After matching, the distribution of base-
line and ovarian stimulation characteristics between the
two groups was not statistically different.

Table 2 showed that compared with the GnRHa-trig-
ger group, the dual-trigger group obtained more oocytes
(22.1+7.8 vs. 20.0+£6.9, P=0.006), mature oocytes
(19.24+6.9 vs. 17.7+6.3, P=0.031), and 2PN embryos
(15.1£6.0vs. 13.6 +5.4, P=0.010). However, the oocytes
maturation rate, and normal fertilization rate between
the two groups were not significantly different. We also
compared the embryology outcomes between the groups
with different hCG dosages in Supplement Table 1. It
was shown that the number of oocytes obtained and 2PN
embryos were significantly different. But the oocyte matu-
ration rate was comparable in the three groups.

Table 3 showed that dual-trigger method resulted in an
increased risk of OHSS (14.8% vs. 2.8%, P <0.001) and
moderate/severe OHSS (11.4% vs. 1.7%, P=0.001). When
breaking down the dose of hCG (Supplement Table 2), the
OHSS rate of patients with 1000(14.3%) or 2000(14.9%)
IU hCG was still significantly higher than that patients
without additional hCG.

Comparisons of the pregnancy outcomes after the first
FET of the two groups are presented in Table 3. And
there were no statistical differences between women who
received additional hCG and those who did not (P> 0.05).

In this study, as shown in Table 4, the single newborn
outcomes were not significantly different between the
groups with or without hCG used.

Multivariate logistic regression analyses on pregnancy
and singleton outcomes (Table 5), which adjusted the dos-
age of hCG on trigger day and the number of embryos
transferred, demonstrated that the dual trigger increased
the OHSS risk(OR=5.971, 95% CI: 2.201-16.198,
P <0.001). But the trigger method did not significantly
affect pregnancy and single newborn outcomes.
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Discussion

Currently, there are still no conclusive results on whether
GnRHa trigger can replace dual trigger to achieve suf-
ficient oocyte maturation and prevent the occurrence of
OHSS in patients with high ovarian response. The results
of our study suggested that dual trigger with low-dose hCG
was still related to a higher risk of OHSS. However, the
oocyte maturation rate, normal fertilization rate, and preg-
nancy and singleton outcomes were comparable between
the two groups, which may encourage the use of GnRHa
trigger alone in PCOS women during IVF/ICSI cycles.
OHSS is characterized by multi-follicular development,
enlarged ovaries, hemoconcentration, and increased vascular
permeability [29]. Complications of severe cases are accom-
panied by effusion in serous cavity, renal insufficiency, and
vascular embolism and are even life-threatening. Several
strategies have been adopted to reduce OHSS risk. In addi-
tion to using GnRH antagonists protocol, the GnRHa trigger
is also an effective method at present [30]. Compared to
the extended half-life of hCG, the smaller peak amplitude
and shorter duration of LH after GnRHa triggering may be
conducive to avoiding the OHSS [5, 10]. Engmann et al.
[18] suggested that combining GnRHa trigger and GnRH
antagonists protocol can trigger oocyte maturation and
effectively reduce the risk of OHSS in women with PCOS
and other high responders. In addition, a randomized con-
trol trial and a prospective cohort study have shown that for
PCOS patients with FET, the GnRHa was superior to hCG
in eliminating OHSS risk [31, 32]. However, compared to
GnRHa trigger, dual trigger was related to the risk of severe
OHSS (6.0% vs. 0%) [13]. A recent study by He et al. [14]
also found that adding low dose of hCG (1000/2000 IU) still
increased the risk of OHSS among patients who adopted
freeze-all strategy. The results of our study are consistent
with the above studies’ conclusions that GnRH trigger alone
can reduce the incidence of OHSS for hyper-responders.
Therefore, for PCOS patients who do not need fresh embryo
transfer, GnRHa single trigger seems to be desirable.
However, several groups supported the co-administra-
tion of low dose hCG in patients with high response, which
conflicts with our results. One study used GnRHa with the
administration of low dose hCG (1000 IU) among high
responders with peak E2 <4000 pg/ml and reported that sup-
plementation with low-dose hCG improved the rate of preg-
nancy and live birth of fresh IVF cycles without increasing
the risk of OHSS [33]. Yet the dual-trigger group occurred
with one case of mild OHSS when no cases of OHSS in the
GnRHa-alone group. And the peak estradiol levels in these
patients were lower than in other highly responsive patients.
At the same time, the E2 levels of those patients were also
much lower than those of the patients in our study. Another
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PCOS women who received the GnRH antagonist
regimen and triggered by GnRHa alone or

and December-2021

combined with low-dose hCG bewteen March-2016

/

Cycles that meet the inclusion criteria (n=668):
(1) Aged <40 years
(2) Freeze-all strategy

The exclusion criteria (n=53):

(1) Donated oocytes

(2) Preimplantation genetic testing
(3) Recurrent spontaneous abortion
(4) Untreated hydrosalpinx

1 (5) Endocrine disease(diabetes mellitus, thyroid
dysfunction, Cushing syndrome, hyperprolactinemia)
(6) Endometriosis, uterine adhesion, endometrial polyps, or

A

unicorn uterus
(7) Missing data

GnRHa trigger group
(n=362)

Dual trigger group

(n=253)

Propensity Score Matching

Matched variables:

female age, BMI, primary infertility, duration of
infertility, previous IVF/ICSI cycles, basal
concentrations of FSH and LH, AFC, AMH level,

A

1:1

levels of LH and E2 on hCG day, number of
follicles > 14 mm on hCG day, total dose of Gn,
duration of stimulation, and fertilization method.

y

\

GnRHa trigger group
(n=176)

Dual trigger group
(n=176)

Fig.1 Flowchart of the study design

group declared that 1000 IU hCG supplementation in high
ovarian responders with FET would decrease the abortion
rate and not increase the OHSS risk [20]. However, a sig-
nificant difference is that the AFC of patients in their study
is significantly lower than that ours. Shapiro et al. [34] also
showed that dual trigger significantly increased the ongoing
pregnancy rate while the prevalence of OHSS was similar to
GnRHa alone in fresh autologous transfer cycles. Although
the additional hCG could improve the outcomes of fresh
embryo transfer cycles, it is still unclear whether the dual
trigger benefits the pregnancy outcome for patients with

FET. More importantly, it should be noted that since there
is no unified guideline for high ovarian response, previous
studies have different definitions for it, including the female
age, number of oocytes retrieval, serum E2 concentrations
on hCG day, and follicles development. The different defini-
tions of high ovarian response may be one of the reasons for
the inconsistent conclusions. Moreover, the differences in
hCG dose, sample size, and the heterogeneity of the infertile
population may also contribute to the inconsistency of their
results.
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Table 1 Characteristics of baseline and ovarian stimulation between the dual-trigger and GnRHa-trigger groups before and after PSM

Before PSM P value After PSM P value
Dual trigger GnRHa trigger Dual trigger GnRHa trigger
(N=253) (N=362) (N=176) (N=176)
Female age (year) 28.4+3.7 28.3+3.3 0.711 28.2+3.8 28.3+3.3 0.833
BMI (kg/m?) 24.4+4.1 22.7+3.3 <0.001* 23.5+3.7 235+33 0.973
Primary infertility 176 (69.6%) 234 (64.6%) 0.235 121 (68.8%) 112 (63.6%) 0.367
Duration of infertility (years) 3(2-5) 3(2-4) 0.183 3(24) 3(2-5) 0.506
Previous IVF/ICSI cycles 0.004* 0.502
0 238 (94.1%) 356 (98.3%) 173 (98.3%) 170 (96.6%)
>1 15 (5.9%) 6 (1.7%) 3(1.7%) 6 (3.4%)
Basal FSH (mIU/ml) 6.4+1.7 6.5+1.5 0.621 6.5+1.5 6.5+1.5 0.766
Basal LH (mIU/ml) 7.2 (4.3-10.9) 7.3 (4.8-11.1) 0.535 7.8(4.8-11.1) 6.8 (4.3-10.3) 0.132
AFC 304+8.4 31.9+7.7 0.023*  31.6+7.6 31.6+8.4 0.937
AMH (ng/ml) 9.7+4.5 10.3+4.5 0.101 10.2+4.4 10.0+4.5 0.706
LH on hCG day(mIU/ml) 22(1.2-4.4) 2.2 (1.3-4.0) 0.689  2.2(1.3-4.1) 2.1(1.3-4.0) 0.830
E2 on hCG day(pg/ml) 5795+ 1818 7062+ 1784 <0.001*  6280+1669 6338+1790 0.753
Number of follicles > 14 mm on hCG day 19.4+5.7 20.3+5.6 0.081 19.9+5.6 199+54 0.938
Total dose of Gn (IU) 1894 +757 1565 +£491 <0.001* 1667 +527 1684 +577 0.774
Duration of stimulation (days) 9.6+1.5 94+1.3 0.053 94+14 94+1.5 1.000
Fertilization 0.201 1.000
IVF 203 (80.2%) 306 (84.5%) 144 (81.8%) 145 (82.4%)
ICSI 50 (19.8%) 56 (15.5%) 32 (18.2%) 31 (17.6%)

Continuous variables with normal distribution are compared by Student’s #-test and expressed as mean +SD, and continuous variables with non-
normal distribution are compared by Mann—Whitney U test and expressed as median (IQR). Categorical variables are compared by Chi-square

test and presented as frequency (percentage)

BMI body mass index, FSH follicular-stimulating hormone, LH luteinizing hormone, AFC antral follicle count, AMH anti-Miillerian hormone,
E2 estradiol, hCG human chorionic gonadotropin, Gn gonadotropin, /VF in vitro fertilization, /CSI intracytoplasmic sperm injection, GnRHa
gonadotropin-releasing hormone agonist, PSM propensity score matching, SD standard deviation, /QR interquartile range

*P<0.05

Clinicians are concerned that some patients may have
poor pregnancy outcomes because the low LH concentra-
tions in these patients after GRHa trigger cannot induce
sufficient oocyte maturation [21]. A modest increase of
oocytes both in number and maturity after dual trigger has
been reported by a retrospective cohort study [13], but the
clinical pregnancy rate and miscarriage rate were not sig-
nificantly different. In addition, the groups supplemented
with hCG (1000, 2000, 3000 IU) obtained more oocytes
and top-quality embryos than the group of single GnRHa
trigger [20]. However, Jones et al. [35] revealed that the
maturity of oocytes in normal and high response donors was
not improved by dual trigger. Another study also suggested
that oocyte maturation and embryo quality in groups sup-
plemented with 1000 and 2000 IU hCG were not different
compared with the GnRHa-trigger group [14]. For euploid
embryos, Makhijani et al. [36] found that the final oocyte
maturation triggered by GnRHa alone had no significant
effect on the reproductive potential of euploid blastocysts.
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And whether triggered by hCG or GnRHa in the FET cycle,
there were no differences in the probability of ongoing
pregnancy and live birth. Furthermore, in patients with
normal and low ovarian response who underwent planned
oocyte cryopreservation, the oocyte maturation rate was also
not increased by the addition of hCG [37]. In this study,
although the results showed a moderate increase in number
of oocyte retrieval in dual-trigger group, there was no signif-
icant difference in terms of oocytes maturation rate, normal
fertilization rate, and number of frozen embryos between
GnRHa-trigger and dual-trigger groups. Most importantly,
the live birth rate and single newborn outcomes were com-
parable between the two groups. Based on the above results,
adding low dose hCG may not significantly improve embryo
quality. Therefore, our study suggested that GnRHa single
trigger may be more beneficial to PCOS women who treated
with the freeze-all strategy.

Compared with previous studies, the strength of our study
is that we controlled the critical parameters on the day of
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Table2 Comparison of Dual trigger (N=176) GnRHa trigger P value
embryology outcomes between (N=176)
the two groups after PSM
No. of oocytes retrieved 22.1+7.8 20.0+6.9 0.006*
No. of mature oocytes 19.2+6.9 17.7+6.3 0.031%*
Oocyte maturation rate 87.4+11.5 89.0+11.6 0.195
No. of 2PN embryos 15.1+6.0 13.6+5.4 0.010*
Normal fertilization rate 70.3+13.3 70.3+17.1 0.970
No. of frozen embryos 8.5+4.5 7.7+4.1 0.074
No. of embryo transferred 0.016*
1 58 (33.0%) 37 (21.0%)
2 118 (67.0%) 139 (79.0%)
Embryo stage at transfer 0.509
Cleavage stage 9(5.1%) 13 (7.4%)
Blastocyst 167 (94.9%) 163 (92.6%)
No. of top-quality embryo transferred 0.156
0 46 (26.1%) 45 (25.6%)
1 75 (42.6%) 60 (34.1%)
2 55 (31.2%) 71 (40.3%)

Continuous variables are compared by Student’s r-test and expressed as mean + SD.Categorical variables
are compared by Chi-square test and presented as frequency (percentage)

2PN two pronuclei, GnRHa gonadotropin-releasing hormone agonist, PSM propensity score matching, SD

standard deviation
*P<0.05

Table 3 Comparison of

o Dual trigger (N=176) GnRHa trigger (N=176) P value
the incidence of OHSS and
pregnancy outcomes between OHSS 26/176 (14.8%) 5/176 (2.8%) <0.001*
the two groups after PSM Moderate/severe OHSS 20/176 (11.4%) 3176 (1.7%) 0.001%
Endometrial thickness on the = 9.7+2.1 9.7+22 0.930
day of FET (mm)
Clinical pregnancy 124/176 (70.5%) 129/176 (73.3%) 0.635
Ectopic pregnancy 1/124 (0.8%) 0/129 (0.0%) 0.490 ?
Miscarriage rate 16/124 (12.9%) 16/129 (12.4%) 1.000
Live birth rate 99/176 (56.2%) 111/176 (63.1%) 0.232
No. of live births 0.215
0 77 (43.7%) 65 (36.9%)
1 70 (39.8%) 70 (39.8%)
2 29 (16.5%) 41 (23.3%)

Continuous variable is compared by Student’s #-test and expressed as mean + SD.Categorical variables are
compared by Chi-square test and presented as frequency (percentage)

OHSS ovarian hyperstimulation syndrome, FET frozen embryo transfer, GnRHa gonadotropin-releasing
hormone agonist, PSM propensity score matching, SD standard deviation

*P<0.05
“Fisher’s exact test

hCG injection, which may influence clinical decisions.
Thus, this study’s results are more reliable than other stud-
ies. Additionally, the patients with PCOS we selected were
homogenous, while previous studies had different definitions
of high responder. However, this study has several limita-
tions. First, selection bias is inevitable because of its retro-
spective nature. Second, since we used the PSM, this led to

a reduction in sample size. Third, only PCOS patients from
a single center were included in this study, and this conclu-
sion may not applicable to other high responders. Therefore,
large multi-center prospective studies are required to verify
the results of this study.

In conclusion, for PCOS women who were undergoing
GnRH antagonist treatment with a freeze-all strategy, GnRH

@ Springer



686

Archives of Gynecology and Obstetrics (2024) 309:679-688

Table 4 Comparison of
singleton neonatal outcomes

between the two groups after
PSM

Dual trigger (N=70) GnRHa trigger (N=70) P value
Singleton birth height (cm) 48.7+3.5 49.0+2091 0.602
Singleton birth weight (kg) 32+0.7 3.2+0.7 0.715
Singleton gestational age (weeks) 38.1+£2.9 384+24 0.548
Preterm birth (<37 weeks) 19/70 (27.1%) 15/70 (21.4%) 0.554
Low birth weight (<2500 g) 6/70 (8.6%) 7/70 (10.0%) 1.000
Small for gestational age 5/70 (7.1%) 7/70 (10.0%) 0.763

Continuous variables are compared by Student’s r-test and expressed as mean + SD.Categorical variables
are compared by Chi-square test and presented as frequency (percentage)

GnRHa gonadotropin-releasing hormone agonist, PSM propensity score matching, SD standard deviation

Table 5 Multivariable logistic

. . B Wald Adjusted OR(95% CI) P value
regression analysis of treatment
outcomes in the two groups OHSS 1.787 12318 5.971 (2.201-16.198) <0.001°
Pregnancy outcomes
Clinical pregnancy - 0.137 0.299 0.872 (0.534-1.424) 0.584°
Miscarriage -0.235 0.301 0.790 (0.341-1.833) 0.583°
Live birth -0.129 0.311 0.879 (0.558-1.384) 0.577°
Singleton neonatal outcomes
Preterm birth (<37 weeks) 0.272 0.444 1.313 (0.589-2.924) 0.505°
Low birth weight (<2500 g) —0.301 0.238 0.740 (0.221-2.481) 0.626°
Small for gestational age —0.472 0.519 0.624 (0.173-2.254) 0.471°

The reference is the group with GnRHa trigger alone

OHSS ovarian hyperstimulation syndrome, OR odds ratio, CI confidence interval

#Adjusted for dosage of hCG on trigger day

b Adjusted for dosage of hCG on trigger day and number of embryos transferred

trigger alone is an effective method to induce follicular mat-
uration, which can reduce the risk of OHSS without impair-
ing oocyte maturity and achieve satisfactory pregnancy
outcomes.
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