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Abstract

Purpose To investigate whether gonadotropin-releasing hormone agonist (GnRH-a) combined with human chorionic gon-
adotropin (HCG) can improve pregnancy outcomes in patients with normal ovarian response (NOR).

Methods In this retrospective cohort study, data of 404 NOR patients undergoing fresh embryo transfer (ET) from 2018
to 2022 were studied. Patients were divided into HCG group and HCG plus GnRH-a group according to trigger methods.
After confounding factors were controlled by propensity score matching, 67 cases were included in HCG group and HCG
plus GnRH-a group, respectively, and pregnancy outcomes were assessed. Basal data, ovarian stimulation, embryological
data and pregnancy outcomes were compared. The effect of trigger methods on pregnancy outcomes was analyzed by binary
logistic regression.

Results There was no statistically significant differences in embryological data, embryo implantation rate, clinical pregnancy
rate, live birth rate of ET, number of fresh embryos transferred and total number of embryos transferred after one cycle of
oocyte retrieval. While, cumulative live birth rate (CLBR) was better in the dual-trigger group than in the HCG group. The
binary logistic regression analysis indicated that the trigger methods had an independent influence on embryo implantation
and cumulative live birth.

Conclusions During IVF/ICSI, dual-trigger could potentially play a role in improving oocyte quality, ensuring embryo
implantation rate, clinical pregnancy rate, live birth rate of ET and cumulative live birth rate at the end of one ovum pick-up
(OPU) cycle, and reducing the physical, temporal and financial negative consequences due to repeated OPU cycle.

Keywords Gonadotropin-releasing hormone antagonist protocol - Dual trigger - In vitro fertilization embryo transfer -
Pregnancy outcome
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Prog Progesterone

FET Frozen-thawed embryo transfer
OPU Ovum pick-up

What does this study add to the clinical work

To investigate whether gonadotropin-releasing hor-
mone agonist (GnRH-a) combined with human
chorionic gonadotropin (HCG) improves pregnancy
outcomes in patients with normal ovarian response
(NOR) based on a propensity score matching
(PSM) method.

Introduction

Since the advent of test tube technology in the 1970s, in vitro
fertilization/intracytoplasmic sperm injection and embryo
transfer (IVF/ICSI-ET) has helped millions of infertile cou-
ples worldwide [1]. By the improvement of the ovulation
induction strategy of the test-tube baby Technology, IVF/
ICSI-ET have continued to improve in terms of efficiency
and safety. The transition from IVF/ICSI to ovulation induc-
tion is a critical stage aimed at optimizing oocytes produc-
tion and maturation. Ovulation induction protocol is a key
step to help infertile women improve the quantity and quality
of their oocytes during IVF/ICSI treatment. At this stage,
the doctors will develop a personalized ovulation promotion
protocol according to the specific situation of the patient to
ensure optimal development and maturation process of the
oocytes. The gonadotropin-releasing hormone antagonist
(GnRH-ant) protocol, has greatly improved in recent years
[2]. The GnRH-ant protocol is becoming favored by clini-
cians and patients because it is more congruent with the
growth process of oocytes observed in a woman's natural
cycle, requires a shorter ovulation induction time and lower
gonadotropin (Gn) dosage, requires less time, and is more
cost-effective [3]. In controlled ovarian stimulation (COS),
the process of inducing the final maturation of oocytes to
obtain mature oocytes with normal fertilization abilities
is known as the trigger, which is critical for IVF/ICSI-ET
pregnancy outcomes. As a frequently used trigger drug and
natural alternative to luteinizing hormone (LH), Human cho-
rionic gonadotropin (HCG) performs physiological functions
similar to those of LH, rapidly activates the receptor, and has
a long half-life, making it a common method to trigger the
final maturation of oocytes in clinical practice [4]. However,
some patients with high ovarian response (HOR) may lead to
ovarian hyperstimulation syndrome (OHSS) after the HCG
trigger, resulting in the inability to undergo fresh embryo
transfer (ET) in the same month cycle, increasing the time
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cost and economic burden, and seriously threatening the
patients’ lives [5].

The emergence of gonadotropin-releasing hormone
agonist (GnRH-a) has allowed physicians to take a differ-
ent approach. In contrast to HCG, GnRH-a induces folli-
cle stimulating hormone (FSH) and LH peaks that mimic
the normal physiological cycle of women [6], has a shorter
half-life than HCG. The induction of FSH and LH peaks is
milder and more effective as the expression of dual regula-
tory proteins and the regulatory epithelial protein mRNAs
[7], which act as ligands for the epidermal growth factor
receptor, is over-regulated and activated in ovarian granulosa
cells in response to luteinizing hormone, induces transient
and milder FSH and LH peaks, and induces the production
of fewer vasoactive substances [8]. Therefore, it is a bet-
ter trigger choice for patients with HOR [9, 10]. However,
a proportion of patients who use GnRH-a trigger show a
poor response, and their retrieved oocytes often remain in
the follicular phase or first meiotic metaphase, making it
harder to obtain mature oocytes and dramatically decreas-
ing the rate of available embryos [11]. In addition, the rapid
luteolytic effect of GnRH-a has a negative impact on luteal
function and endometrial receptivity in patients receiving
ET [12], making it difficult to achieve a desirable pregnancy
outcome. Clinicians have modified the trigger approach to
address this issue. A combination of GnRH-a and HCG has
also been utilized [13]. This type of trigger is called a dual-
trigger and plays an irreplaceable role in clinical practice.
The dual-trigger combines the advantages of the two trig-
gers, resulting in more healthy oocytes obtained without
negatively affecting endometrial receptivity and subsequent
luteal function, and reduces the potential risk of OHSS [14].
It has been found that adding a certain dose of HCG at the
same time as a GnRH-a trigger can improve luteal func-
tion and pregnancy outcomes of ET cycles in patients with
poor ovarian response (POR) [15]. Likewise, the antago-
nist protocol is the protocol that simulates the development
and maturation of normal oocyte and maybe therefore more
suitable for patients with good ovarian function and nor-
mal ovarian response (NOR). During COS, patients with
NOR have a low probability of OHSS and relatively sta-
ble oocyte retrieval rate and number of cultured embryos.
Previous studies have had inconsistent results on the use of
dual triggers, with some studies reporting positive results
while others have not demonstrated their effectiveness [16].
In addition, most of the studies about the effect of choice of
trigger methods on IVF/ICSI outcomes have been retrospec-
tive, with confounding factors inevitably affecting the accu-
racy of the conclusions between test and control groups. To
assess the effectiveness of HCG plus GnRH-a versus HCG in
improving IVF/ICSI clinical pregnancy outcomes in patients
with NOR is inconclusive. Therefore, further studies are
needed to clarify its clinical value. Our study aimed to fill
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Patients who received COS
with antagonist protocol
(n=2178)

IVF/ICSI-ET cycles were included
(n=404)
Before propensity score matching
HCG group (n=337)
HCG plus GnRH-a group (n=67)

Propensity score matching

(Ratio 1:1 matching tolerance 0.02))
n= 134

HCG plus GnRH-a
group (n=67)

Fig. 1 Flowchart of this study

the gap by comparing single and dual trigger outcomes and
determining which method is more effective on improving
outcomes in patients with NOR. In this study, propensity
score matching (PSM) was used to maximize the balance of
basic characteristics between the two groups, and the effects
of GnRH-a combined with HCG and HCG triggers on preg-
nancy outcomes were retrospectively studied.

Materials and methods
Study subjects

We searched the assisted reproductive technology system of
the Department of Reproduction and Genetics of the Affili-
ated Hospital of Shandong University of Traditional Chinese
Medicine and selected patients admitted between 2018 and
2022 who could be followed up for the pregnancy outcome
after ET and the first delivery outcome at the end of one
ovum pick-up (OPU) cycle using the IVF/ICSI-ET antago-
nist protocol (Fig. 1). Inclusion criteria: (1) Indications for

Excluded: n=1774

GnRH-a trigger n=40

Older than 45 n=93

Patients with high ovarian response and poor
ovarian response n=334

Patients with polycystic ovarian syndrome n=305
BMI >28.0 n=324

Patients with other endocrine disorders n=72
Organic pathology of the uterus n=75

Recurrent miscarriage n=17

History of ovarian surgery n=2

Unilateral or bilateral hydrosalpinx n=303
Repeated cycles, one patient with least three times
of COH n=82

Chromosomal abnormalities n=13

Prog level on trigger day>2 ng/ml, or endometrial

thickness < 8 mm on ET day n=114

IVF or ICSI, such as fallopian tube disease caused by pel-
vic inflammatory disease or pelvic adhesions in women, or
severe oligospermia or obstructive azoospermia in men; (2)
Age between 20 and 45 years; (3) Regular menstrual cycles
of 21-35 days; (4) Body mass index(BMI) less than 28 kg/
m?; (5) Basal FSH level < 12 TU/L; (6) The total number of
basal antral follicles in both ovaries ranged from 7 to 29; (7)
The serum estradiol(E2) level was between 500 and 3000 pg/
ml, and the serum progesterone (Prog) level was less than
2 ng/ml on the trigger day; (8) The number of mature fol-
licles (diameter > 14 mm) on trigger day was between 4 and
15; (9)All patients received the trigger as HCG or HCG plus
GnRH-a, and those who had no obvious OHSS symptoms
after oocytes retrieval and were ready for ET. Exclusion cri-
teria: (1) Patients with HOR: number of mature follicles > 15
on trigger day and/or high serum E2 level (3000-6000 pg/
ml) on trigger day [17]. (2) Patients who meet the Bologna
criteria with POR were following main clinical features:
advanced age (age >40 years); number of oocytes obtained
in the previous conventional IVF ovulation induction pro-
tocol was < 3; or basal follicular count (AFC) <7 (meeting
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more than two of the three requirements); and E2 level on
the trigger day < 500 pg/ml and/or <4 dominant follicles in
mature oocytes [18]. (3) Infertility women with polycys-
tic ovary syndrome [19]. (4) Patients with other endocrine
disorders, such as diabetes, thyroid disorders, and pituitary
lesions. (5) Previously received IVF/ICSI treatment at least
three times. (6) Organic pathology of the uterus includes
endometrial polyps, uterine malformations, uterine adhe-
sions, uterine fluid, endometriosis, fibroids, and adenomyo-
sis. (7) Recurrent miscarriage. (8) History of ovarian sur-
gery. (9) Unilateral or bilateral hydrosalpinx as indicated by
transvaginal ultrasonography or hysterosalpingography. (10)
Chromosomal abnormalities.

Research methods
Protocol for controlled ovarian stimulation

All patients started the controlled ovarian stimulation
protocol on the 2nd to 4th days of the menstrual period,
and the reproductive physician administered recombinant
human follicle-stimulating hormone for injection (Gonafine,
Merck Serono, Switzerland) 150-300 IU according to the
patients’ age, basal antral follicle number, basal reproduc-
tive hormone level, and BMI. During this period, the ovar-
ian response was evaluated by ultrasound and measuring
serum hormone levels; thus, the dosage was adjusted. Once
the maximum follicle diameter reached 12 mm, 0.25 mg
GnRH-ant (MerckSerono, Switzerland) was injected per
day. Serum hormone levels and ultrasound findings were
monitored every 1 to 3 days until the trigger day. When ultra-
sound showed three follicles larger than 17 mm in diameter
in both ovaries, 6000-10,000 IU of urine-derived HCG(Li
zhu, Zhuhai, China), or 0.1 mg GnRH-a (triptorelin acetate;
France) combined with 2000-6000 IU of HCG were admin-
istered. For the choice of trigger methods, our reproductive
center clinicians would decide according to the situation
on the trigger day during ovulation induction, patients' past
medical history, and doctors’ personal preferences, with the
ultimate goal of improving the pregnancy rate and live birth
rate. All patients underwent vaginal ultrasound-guided punc-
ture oocyte retrieval within 35-36 h after triggering, then,
standard IVF or ICSI fertilization was carried out. Finally
all patients received ET on 3rd or 5th days after oocytes
retrieval. From the day of oocytes retrieval, all patients
received a combination of oral progesterone and vaginal
progesterone sustained-release gel or intramuscular proges-
terone injections until 10 weeks of gestation. For patients
with failed fresh embryo transfer, doctors would perform
frozen-thawed embryo transfer (FET) based on the patient's
remaining embryos.
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Protocol for frozen-thawed embryo transfer

We homogenized FET protocols considering the influence of
different intimal preparation protocols. There were two kinds
of intima preparation protocols, which both required the
following criteria for transplantation. (1) The endometrial
thickness is greater than or equal to 8 mm. (2) E2> 150 pg/
ml. (3) The professional titles of transplant doctors were
all chief physicians. (4) Grade I or II embryos were given
priority for transfer. The first was the natural cycle protocol:
Ovulation was monitored around the 10th day of menstrua-
tion, inducing the follicles to grow. When the follicles grew
to about 14 mm, the LH test strip should be measured every
day, and the size of the follicle should be monitored after
the LH peak appears in the urine or blood. When the folli-
cles of more than 18-20 mm were discharged, progesterone
was given for luteal support. 1-2 cleavage embryos were
transferred on 3rd day or one blastocyst on 5th day after ovu-
lation. Then luteal support continued after transplantation.
The other is an alternative cycle protocol: On the 2—3rd day
of menstruation, female patients would begin to use some
drugs (such as Triptorelin, Leuprorelin, etc.) for artificial
down-regulating, and after reaching the down-regulating
standards, oral estrogen tablets (such as Estradiol Valerate,
etc.) were started to further prepare the endometrium. When
everything was ready, doctors would determine the embryo
cryo-resuscitation and the specific transfer time based on the
number of days of culture at the time of embryo freezing.
After the transplant, they also gave luteal support drugs to
preserve the fetus. Patients were tested for serum-HCG on
the 14th days after FET to determine embryo implantation.
Subsequent luteal support protocol was consistent with that
of ET.

Embryo culture

The retrieved oocytes were subjected to IVF and ICSI
according to the semen of the male partner, and the state of
development was evaluated at approximately 16—18 h after
fertilization. Three days after oocytes retrieval, embryos
were graded according to the Racowsky Scoring Criteria
[20]. If the number of cultured embryos was greater than
2, laboratory technicians selectively cultivated blastocysts
according to the patient’s will and actual situation. In gen-
eral, the lower grade-scoring embryos were cultivated and
observed to the blastocyst stage, and then graded by the
David Gardner Scoring Method [21]. Clinicians performed
ET individually according to the patient's condition. In gen-
eral, two embryos or one blastocyst were transferred, and the
rest of embryos were cryopreserved for the next freeze—thaw
embryo transfer until the end of the freeze—thaw embryo
transfer cycle for all embryos in a single oocyte retrieval
cycle.
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Evaluation of results

The pregnancy outcomes of the two trigger methods were
compared. Live birth rate of ET, is the primary outcome
indicator of pregnancy in our study. And live birth is gener-
ally deemed as to be delivery after 28 weeks of gestation,
with the baby breathing and a heartbeat at birth.

Secondary indicators: Clinical indicators included usage
days of Gn, total dose of Gn, and number of mature fol-
licles on trigger day. Laboratory indicators included the
number of oocytes retrieved, 2PN fertilization rate, trans-
ferable embryo rate, total number of embryos transferred,
cycle rate of high-quality embryos transferred, the number of
fresh embryos transferred and the total number of embryos
transferred at the end of one OPU cycle. Outcome indicators
included embryo implantation rate, clinical pregnancy rate,
and cumulative live birth rate (CLBR). 2PN fertilization is
the appearance of two pronuclei and bipolar bodies 16-18 h
after fertilization. The criteria for good-quality embryos
were > 6 cells, < 10% fragmentation, and symmetric blasto-
meres after 3 days of fertilization. Luteal phase support was
started on the day of oocyte retrieval and continued until
the day of embryo transfer on day 3 or 5. Two weeks after
ET, serum B-HCG levels are determined among all patients.
Embryo implantation is serum p-HCG levels above 10 TU/L.
Five weeks after ET, the confirmation of an intrauterine ges-
tational sac by gynaecological ultrasound is considered clini-
cal pregnancy. The calculation formulas of pregnancy indi-
cators in IVF/ICSI were shown in the supplementary file.

Statistical analysis

Data were matched and analyzed with the help of SPSS
software (version 26.0). Whether the baseline data the of
patients conformed to normal distribution was assessed
using the Shapiro—Wilk test, histograms, or Q—Q plots. The
mean =+ standard deviation (SD) was used to describe the
normally distributed or approximately normal distribution
of the metric data, while the median plus quartile M (P25,
P75) was used to describe the non-normal distribution of
the metric data. A two-sample #-test or non-parametric test
was adopted to analyze the two groups of data. Count data
were presented as the rate or percentage, and the Chi-square
test was adopted to analyze the data between two groups.
Statistically and clinically significant variables between
groups were included in the propensity score matching, and
the matching tolerance was 0.02 with a 1:1 exact matching.
Univariate analysis was adopted to baseline data, laboratory
indicators, and outcome indicators of the two groups after
successful matching. Finally, statistically significant indica-
tors from the univariate analyses and clinically significant
indicators were incorporated into binary logistic regres-
sion analyses for further analysis, and adjusted odds ratios

(OR) were calculated using 95% confidence intervals (95%
CI). A bilateral P value <0.05 was considered statistically
significant.

Results

We selected 2178 women with infertility from the database,
all of whom received an antagonist protocol for the IVF/
ICSI cycle. References to the inclusion and exclusion crite-
ria, 404 subjects were screened out (The data are presented
in supplementary Table 1). According to the different trig-
ger methods, they were divided into the HCG trigger group
(337 cases) and the GnRH-a combined with HCG group (67
cases). The propensity score matching (PSM) method was
applied to 1:1 exact matching, with a matching tolerance of
0.02. According to the statistically and clinically significant
variables of the two groups, the matching factors were age,
BMLI, basal antral follicle number, and basal Prog level, and
67 pairs of study subjects were matched (The data are pre-
sented in supplementary Table 2). The matching success rate
was 100%. This process is illustrated in Fig. 1.

The basic information of the patients in two groups before
PSM is detailed in Table 1. There were no obvious differ-
ences in two groups as regards age, infertility duration, basal
FSH, LH and E2 level, E2 and Prog level on trigger day, the
number of mature oocytes on trigger day, and the number
of oocytes acquired (P> 0.05). BMI, basal Prog level, usage
days of Gn, total dose of Gn, and LH level on trigger day
were statistically different in both groups. Both BMI and
usage days of Gn were distinctly smaller in the single-trigger
group than in the dual-trigger group, and the total dose of
Gn was distinctly less than that of the dual-trigger group
(P <0.001). The number of basal antral follicles was more
than that in the dual-trigger group (P =0.005), and basal
Prog and LH levels on trigger day were higher than those in
the dual-trigger group (P <0.001). All statistically signifi-
cant indicators before PSM matching are shown in Fig. 2.

After PSM1:1 balancing of the variables of the two
groups, the differences about else factors both in two groups
were further compared (Table 2). We found statistically sig-
nificant differences in the usage of Gn, total dose of Gn, and
LH level on trigger day between the two groups. The dual-
trigger group was lower in terms of LH level on the trigger
day (P <0.001), and the usage days of Gn and the total dose
of Gn were higher (P <0.05). The statistically meaningful
indicators after PSM are shown in Fig. 3. After matching, we
compared laboratory data and pregnancy outcome indicators
between the two groups (Table 3). Three women who did not
undergo follow-up for all frozen-thawed embryo outcomes
after a single oocyte retrieval cycle until the end of 2022
were excluded from the calculation of the CLBR. And the
dual-trigger group was significantly better than the HCG
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Table 1 Baseline characteristics of the two groups before PSM

Variables Before matching Pt P
Single trigger (n=337) Dual trigger (n=67)

Age (year) 33.94+4.66 33.54+391 0.668 0.505

Duration of infertility (year) 3(2,4) 3(2,4) —0.693 0.488

Proportion of primary infertility (%) 39.5% (133/337) 40.3% (27/67)

Method of fertilization
IVF (%) 77.4% (261/337) 76.1% (51/67)

ICSI (%) 22.6% (76/337) 23.9% (16/67)

BMI (Kg/m?) 23.23+2.21 2430+1.10 —3.878 <0.001
Basal FSH level (IU/L) 7.75+1.74 7.80+1.98 —0.185 0.853
Basal LH level (IU/L) 4.03+1.57 3.80+1.32 1.144 0.253
Basal E2 level (pg/ml) 42.62+16.15 45.86 +£15.38 - 1.507 0.133
Basal Prog level(ng/ml) 0.59+0.28 0.43+0.20 4.448 <0.001
Basal antral follicle number 16.54 +5.68 14.52+2.43 2.855 0.005
Usage days of Gn (day) 8.88+1.54 10.07+1.74 —5.686 <0.001
Total dose of Gn (IU) 2082.26 +£553.68 2425.45+550.43 —4.638 <0.001
LH level on trigger day (IU/L) 4.09+1.83 2.39+1.07 7.331 <0.001
E2 level on trigger day (pg/ml) 1769.03 +546.39 1728.30+406.09 0.579 0.563
Prog level on trigger day (ng/ml) 0.91+0.36 0.92+0.22 —0.141 0.888
Number of mature follicles on trigger day 7(5,9) 7 (6, 10) —0.968 0.270
Number of follicles retrieved 8.09+2.95 7.37+2.65 1.842 0.333

Data are presented as mean =+ SD and proportion (%)

IVF In vitro fertilization, /CSI Intracytoplasmic sperm injection, BMI Body mass index, FSH Follicle-stimulating hormone, LH Luteinizing hor-

mone, E2 Estrogen, Prog Progesterone, Gn Gonadotropin

trigger group as the CLBR (64.6% vs. 43.9%, P=0.018). In
the matter of the 2PN fertilization rate (64.0% vs. 62.5%),
transferrable embryo rate (60.7% vs. 57.3%), cycle rate of
high-quality embryos transferred (46.3%v s. 43.3%), embryo
implantation rate (55.2% vs. 40.3%), clinical pregnancy
rate (50.7% vs. 38.8%), and live birth rate of ET (47.8%
vs. 37.3%), probably because of small size of the included
sample, there was no statistical significance in the above
laboratory and outcome indicators between the two groups
of patients with NOR (P> 0.05). Similarly, there was no sta-
tistically significant difference between the two groups in the
number of fresh embryos transferred (X2 =0.153, P>0.05)
and the total number of embryos transferred after at the end
of one OPU cycle (x*=0.524, P>0.05).

Multivariate logistic regression analysis after PSM

We included embryo implantation, clinical pregnancy, live
birth, and cumulative live birth in binary logistic regression
analysis, and potential confounding variables concerning
age, BMI, basal antral follicle number, usage days of Gn,
total dose of Gn, trigger methods, LH level on trigger day,
and number of mature oocyte retrieval were controlled. The
results are expressed as a regression coefficient, P value, OR
value, and 95% CI of the OR value.
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After adjustment for various confounding factors using
binary logistic regression analysis, we explored whether
dual-trigger had a positive effect on embryo implantation,
clinical pregnancy, and live birth outcomes compared to sin-
gle-trigger. Figure 4 shows the results of the different trigger
groups. Table 4 shows that the dual-trigger was a positive
independent factor affecting embryo implantation and cumu-
lative live birth (OR: 2.547, 95% CI 1.040-6.239, p=0.041;
OR: 2.643, 95% CI 1.051-6.647, p=0.039). The rate of
implantation and cumulative live birth in the dual trigger
group were 1.547 times and 1.643 times higher than those
in the single trigger group, respectively. Unfortunately, there
was no significant association between clinical pregnancy
and live birth outcomes and trigger methods (p > 0.05).

Discussion

The aim of our study was to investigate whether GnRH-
a combined with HCG improves pregnancy outcomes in
patients with NOR compared to HCG triggering. The find-
ings suggested that a dual-trigger strategy of HCG combined
with GnRH-a in an antagonist protocol may improve embryo
implantation and cumulative live birth rates to some extent
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in patients with NOR. However, there was no significant
difference in terms of oocyte and embryo quality.
Decleer's study mentioned that dual trigger induced
endogenous FSH and LH peaks that were more favour-
able to improve oocyte maturation and thus embryo qual-
ity [22]. Dual triggering increases the number of meta-
phase II oocytes and the number of high-quality embryos
and reduce the probability of retrieving empty follicles
[23-25]. Maged et al. similarly found that dual triggering
increased the biochemical pregnancy rate (25% vs. 11.3%,
P=0.039) and the clinical pregnancy rate (22.5% vs. 8.8%,
P=0.028) in patients with POR [26]. In addition to this,
several trials have confirmed the role of dual triggering in
patients with HOR, showing an improvement in live birth
and ongoing pregnancy rates, and a reduction in the risk
of OHSS [27, 28]. Therefore, dual-trigger is a wise choice
for patients who intend to transfer fresh embryos but are at
risk of OHSS. And a previous meta-analysis showed that
GnRH-a combined with HCG triggering was superior to
HCG triggering alone in terms of clinical pregnancy and
live birth rates in ET cycles, which again provides strong
evidence for our findings [29]. Moreover, a retrospective
study showed that in patients with NOR, the dual-trigger
group (HCG 5000 IU + GnRH-a 0.1 mg) was significantly

superior to the HCG alone group in terms of the number
of mature oocytes (12.51 vs. 10.58, P=0.019), the mean
number of metaphase II oocytes (9.52 vs. 8.33, P <0.01),
and the number of normally fertilized oocytes (7.63 vs. 6.60,
P <0.01) [30]. These results suggest that the dual-trigger
strategy can be an effective alternative to IVF/ICSI treat-
ment and improve oocyte and embryo quality. In our study,
we were unable to observe differences in oocyte maturation
and embryo culture between the two groups, but this result
is not surprising and may be related to the different patient
inclusion criteria, small sample size, and non-uniformity
in the dosage of HCG. The dual trigger may promote the
proliferation and differentiation of granule cells, inhibit
apoptosis of granule cells, and at the same time improve
the follicular fluid microenvironment [31], thereby promot-
ing follicle development and oocyte maturation, and reduc-
ing problems such as chromosome abnormalities and gene
mutations during embryo culture [32]. A large amount of
Gn and a long time of use will lead to changes of hormones
within the patient's body in a short period of time, resulting
in chromosome separation errors in the process of meiosis
of oocytes, so that chromosome abnormalities in fertilized
embryos and affecting the quality of embryos [33]. In this
study, compared with the HCG trigger group, the pregnancy
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Table 2 Baseline characteristics of the two groups after PSM

Variables After matching Pt P
Single trigger (n=67) Dual trigger (n=67)
Age (year) 33.45+4.22 33.54+3.91 —0.127 0.899
Duration of infertility (year) 3(2,4) 3(2,4) —0.659 0.510
Percentage of primary infertility (%) 40.3% (27/67) 40.3% (27/67) 0.000 1.000
Method of fertilization
IVF (%) 85.1% (57/67) 76.1% (50/67)
ICSI (%) 14.9% (10/67) 23.9% (16/67)
BMI (Kg/m?) 2427+2.12 24.30+1.10 —0.108 0.915
Basal FSH level (IU/L) 7.80+1.93 7.80+1.98 0.009 0.993
Basal LH level (IU/L) 4.01+1.56 3.80+1.32 0.863 0.390
Basal E2 level (pg/ml) 41.94+15.65 45.86 +£15.38 —1.461 0.146
Basal Prog level (ng/ml) 0.44+0.21 0.43+0.20 0.248 0.805
Basal antral follicle number 14.48+4.34 14.52+2.43 -0.074 0.941
Usage days of Gn (day) 9.21+1.68 10.07+1.73 —-2931 0.004
Total dose of Gn (IU) 2227.05+509.25 2425.45+550.43 —2.166 0.032
LH level on trigger day (IU/L) 4.34+1.84 2.39+1.07 7.485 <0.001
E2 level on trigger day (pg/ml) 1653.63 +538.47 1728.30+406.09 —0.906 0.366
Prog level on trigger day (ng/ml) 0.86+0.36 0.92+0.22 —1.145 0.254
Number of mature follicles on trigger day 7(5,9) 7(6, 10) — 1.456 0.145
Number of follicles retrieved 7.91+2.56 7.37+2.65 1.194 0.235

Data are presented as mean =+ SD and proportion (%)

IVF In vitro fertilization, /CSI Intracytoplasmic sperm injection, BMI Body mass index, FSH Follicle-stimulating hormone, LH Luteinizing hor-

mone, E2 Estrogen, Prog Progesterone, Gn Gonadotropin

rate and live birth rate of the dual trigger group with larger
total dose and longer use time of Gn were similar, and the
embryo implantation rate and CLBR were higher, which also
reflects that the dual trigger may compensate for the abnor-
mal oocyte meiosis caused by excessive use of Gn to some
extent. It reduces the probability of oocyte aneuploidy [34],
reduces the probability of damaged oocyte nuclear matura-
tion, improves the quality of oocytes, and thus reduces the
IVF/ICSI of failures caused by poor embryo quality. Using
the dual trigger strategy can effectively shorten the treatment
cycle and improve the efficiency of treatment for patients,
thus achieving pregnancy goals faster. Therefore, for patients
with NOR, the dual-trigger strategy may be more suitable
for them.

For patients using the dual trigger, the gene expression
in granular cells and downstream luteinizing hormone sign-
aling receptors may be different from those in the single
trigger [35] This discovery provides a theoretical basis for
successful pregnancy and delivery in NOR women with dual
trigger therapy. The combination of Gn and GnRH-ant in
IVF/ICSI cycles results in extremely low LH levels during
COS [36]. In contrast, the dual-trigger allows for an imme-
diate and significant increase in LH levels and triggers the
induction of additional FSH peaks [37]. In the dual-trigger
strategy, GnRH-a combined with HCG can simulate the

@ Springer

secretion of LH and the production of LH peak, and the FSH
and LH peak are more moderate [38]. This strategy may
affect the gene expression profile of granular cells, includ-
ing the expression of genes related to oocyte development,
maturation, fertilization and luteal function [39, 40]. FSH
affects granulosa gap junction and epidermal growth factor
function during oocyte meiosis, increases hyaluronic acid
synthesis, promotes oocyte nuclear maturation and cumulus
enlargement [41]. In addition, FSH upregulates the expres-
sion of LH receptors in granulosa cells, which is related to
the formation of LH peak and luteinization of granulosa cells
before follicle maturation. The LH peak in mid-menstrual
period before ovulation promotes the eventual maturation of
oocytes and forces the cumulus oocyte cluster to be expelled
from the ovaries to complete ovulation [42]. Multiple studies
have shown that low LH level on trigger day is associated
with low oocyte maturation [43, 44]. Low LH levels on trig-
ger day may lead to an increased risk of miscarriage early in
ET. Only when the LH level reaches a certain concentration
can the oocytes complete the first meiosis, expel the first
polar body, and become secondary oocytes. In our study,
LH level on trigger day was 2.39 +1.07 IU/L, so clinicians
would use GnRH-a combined with HCG trigger to improve
oocyte quality and obtain satisfactory pregnancy and live
birth rates. In this study, we found that the patients who
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Fig.3 Statistically significant indicators after PSM matching. A Usage days of Gn, B total dose of Gn, C LH level on trigger day, D cumulative
live birth rate. (¥p <0.05, **P <0.01, ***p <0.001)

Table 3 Laboratory and pregnancy outcome indicators in the two groups after PSM

Variables After matching 7t P
Single trigger (n=67) Dual trigger (n=67)

Live birth rate of ET 37.3% (25/67) 47.8% (32/67) 1.496 0.221
2PN fertilization rate 62.5% (331/530) 64.0% (316/494) 0.252 0.616
Transferrable embryo rate 60.7% (201/331) 57.3% (181/316) 0.794 0.373
Total number of fresh embryos transferred 118.00 119.00
D5 13.6% (16/118) 11.9% (14/118) 0.153 0.696
D3 86.4% (102/118) 88.1% (104/118)
Total number of embryos transferred after one cycle of 151 137

oocyte retrieval
D5 14.6% (22/151) 11.7% (16/137) 0.524 0.469
D3 85.4% (129/151) 88.3% (121/137)
Cycle rate of high-quality embryos transferred 46.3% (31/67) 43.3% (29/67) 0.121 0.728
Embryo implantation rate 40.3% (27/67) 55.2% (37/67) 2.991 0.084
Clinical pregnancy rate 38.8% (25/67) 50.7% (34/67) 1.932 0.165
Cumulative live birth rate 43.9% (29/66) 64.6% (42/65) 5.640 0.018

Data are presented as proportion (%)
D3 Cleavage embryo, D5 blastocyst
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Trigger way

Embryo implantation hCG trigger

GnRH-a plus hCG trigger

Clinical pregnancy hCG trigger

GnRH-a plus hCG trigger

Live birth of ET hCG trigger .

GnRH-a plus hCG trigger

Cumulative live birth hCG trigger

P OR
. 0.041  2.547(1. 040-6. 239)
o 0.124  1.996(0.828-4. 814)
. 0.15  1.914(0. 792-4. 629)
. ., 0.039 2.643(1. 051-6.647)

GnRH-a plus hCG trigger

Fig.4 Binary logistic regression results. It shows the results of the
different trigger groups in terms of embryo implantation, clinical
pregnancy, live births, and cumulative live births after adjusting for
confounding factors such as age, BMI, basal antral follicle number,

Table 4 Variables and constants in binary logistic regression equations

usage days of Gn, total dose of Gn, LH level on trigger day, E2 trig-
ger day, basal FSH, basal LH, basal E2, basal P, and the number of
oocytes acquired

Age Usage days Total dose Trigger BMI LH levelson  Number Basal antral
of Gn of Gn methods trigger day of oocytes follicle number
retrieved
Embryo implantation
[} 0.031 —0.226 0.000 0.935 0.072 0.037 0.101 0.000
OR (95% 1.031 (0.932, 0.798 (0.615, 1.000 (0.999, 2.547 (1.040, 1.075(0.856, 1.038 (0.813, 1.106 (0.942, 1.000 (0.890,
Ch 1.140) 1.034) 1.001) 6.239) 1.350) 1.325) 1.298) 1.124)
P value 0.551 0.088 0.875 0.041 0.535 0.764 0.219 0.995
Clinical pregnancy
8 0.009 - 0.127 0.000 0.691 0.098 0.023 0.046 —0.031
OR (95% 1.009 (0.914, 0.881 (0.687, 1.000 (0.999, 1.996 (0.828, 1.103 (0.877, 1.023(0.802, 1.047(0.896, 0.969 (0.863,
CD) 1.114) 1.130) 1.001) 4.814) 1.386) 1.305) 1.224) 1.089)
P value 0.859 0.318 0.818 0.124 0.403 0.854 0.565 0.597
Live birth
B 0.019 —0.138 0.000 0.649 0.072 0.035 0.054 — 0.006
OR (95% 1.019 (0.923, 0.871(0.678, 1.000(0.999, 1.914(0.792, 1.075(0.856, 1.035(0.811, 1.055(0.902, 0.994 (0.885,
CDh 1.127) 1.118) 1.001) 4.629) 1.350) 1.322) 1.234) 1.117)
P value 0.705 0.278 0.995 0.150 0.536 0.781 0.503 0.923
Cumulative live birth
8 0.021 —0.145 0.000 0.972 0.002 - 0.071 0.118 0.050
OR (95% 1.021 (0.921, 0.865 (0.668, 1.000 (0.999, 2.643 (1.051, 1.002(0.795, 0.932(0.724, 1.126 (0.954, 1.051 (0.931,
CI) 1.132) 1.120) 1.001) 6.647) 1.263) 1.200) 1.328) 1.187)
P value 0.692 0.271 0.611 0.039 0.986 0.584 0.160 0.424

Gn Gonadotropin, BMI Body mass index, CI Confidence interval, LH Luteinizing hormone, OR Odds ratio

received dual trigger had lower LH levels on the trigger day,
but the pregnancy and live birth rates were similar to those
in the HCG group, and the above mechanism may provide
a plausible explanation for our results. In addition, the dual
trigger strategy may also affect the expression and function
of luteinizing hormone signaling receptors downstream of
granular cells. In the dual-trigger strategy, the combined
action of HCG and GnRH-a may affect the number, distri-
bution, activation state and signal transduction of luteinizing
hormone signal receptors, thus affecting oocyte development

@ Springer

and luteal function [30, 45, 46]. In addition, surprisingly, the
clinical pregnancy rate and live birth rate in the dual-trigger
group were similar to those in the HCG group alone, but the
CLBR were better than those in the single-trigger group.
This may be inseparable from the synergistic effect of FSH
and LH in granulosa cells and oocytes and their positive
effects on oocytes. Furthermore, the embryo implantation
rate of ET was higher in the dual- trigger group than in the
HCG group, which may suggest that dual-trigger resulted
in an increase in endometrial tolerance compared to HCG
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triggering alone. GnRH analogues have a direct effect on
endometrial tolerance. In the GnRH-ant protocol, GnRH
receptors in the endometrium preferentially bind GnRH-a,
thus playing a key role in embryo implantation, trophoblast
proliferation and invasion [29].

The strength of this study lies in the use of PSM to bal-
ance the distribution of confounders present in the two
groups. This approach overcomes the bias error caused by
individual heterogeneity of retrospective clinical study data,
reduces the effects of bias and confounders, and helps to
assess the effects of the two trigger methods on pregnancy
outcomes in women with NOR in a more scientific and rig-
orous manner. In addition, we followed up the live birth rate
of fresh embryo transfer and the cumulative live birth rate
at the end of one cycle of egg retrieval in both groups of
women, which provides an important reference for clinical
assessment of the effect of dual trigger on embryo quality
and pregnancy outcomes in women with NOR.

However, our study still has some shortcomings. Firstly,
our study was a retrospective study, which suffered from
small sample size and older age of included patients, so age
was not reflected as a variable affecting clinical pregnancy
and live birth, and there was a risk of bias and other potential
confounders. Secondly, there may be some other potential
variables that were not considered in the regression analysis,
such as the FSH level on the trigger day that was not further
followed up. In addition, some patients with good ovarian
reserve were excluded from this study because the use of Gn
may cause OHSS tendency and affect ET. Moreover, regard-
ing the supplementary dose of HCG in the dual-trigger also
due to the small sample size, we did not perform subgroup
analyses. Finally, we did not follow up the neonatal out-
comes in either group. Therefore, effects of the two trigger
methods on oocyte and embryo quality in patients with NOR
still need to be validated by large-scale mechanistic stud-
ies. We also recommend multicenter randomized controlled
studies with larger sample sizes and longer follow-up peri-
ods to demonstrate the efficacy and safety of dual triggering.

Conclusions

In the present study, the CLBR was higher in the dual trig-
ger group than in the HCG alone group. The 2PN fertiliza-
tion rate, embryo implantation rate, clinical pregnancy rate
and live birth rate of ET were also higher in the dual trig-
ger group than in the HCG alone group, but the differences
between the two groups were not statistically significant,
probably due to the small sample size. We recommend mul-
ticenter randomized controlled studies with larger sample
sizes and longer follow-up periods to demonstrate the effi-
cacy and safety of dual-trigger.
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