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Pretreatment with a long-acting GnRH i

agonist for frozen-thawed embryo transfer
cycles: how to improve live birth?

Bin Xu'?, Zhaojuan Hou'?, Nenghui Liu'?, Jing Zhao'* and Yanping Li'*"

Abstract

Background Whether pretreatment with gonadotropin-releasing hormone agonist (GnRHa) can improve the preg-
nancy outcomes in frozen-thawed embryo transfer (FET) cycles is controversial. The inconsistencies in the results

of different studies would be related to the characteristics of the included patients and the protocol of GnRHa use. In
this study, we investigated the efficacy of pretreatment with a long-acting GnRH agonist in the early follicular phase

of FET cycles and determined which population was suitable for the protocol.

Results We retrospectively included 630 and 1141 patients in the GnRHa FET and hormone replacement treat-
ment (HRT) FET without GnRHa groups respectively, between October 2017 and March 2019 at a university-affiliated
in vitro fertilization center. On the second or third day of menstruation, 3.75 mg of leuprorelin was administered. After
14 days, HRT was initiated for endometrial preparation. No significant differences were observed between the two
groups in terms of patient characteristics. However, the GnRHa FET group showed a higher percentage of endome-
trium with a triple line pattern (94.8% vs 89.6%, p < 0.001) on the day of progesterone administration, with increased
implantation (35.6% vs 29.8%, p =0.005), clinical pregnancy (49.8% vs 43.3%, p=0.008), and live birth rate (39.4% vs
33.7%, p=0.016), than the HRT FET cycles with similar endometrial thickness, ectopic pregnancy and early miscar-
riage rates. Binary logistic regression analysis showed the GnRHa FET group to be associated with an increased chance
of clinical pregnancy (P=0.028, odds ratio [OR] 1.32, 95% confidence interval [CI] 1.03-1.70) and live birth (P=0.013,
odds ratio [OR] 1.34, 95% confidence interval [CI] 1.06-1.70) compared to the HRT FET without GnRHa group. After
subgroup analysis, we found that the GnRHa FET group showed a significantly higher live birth rate in the subgroups
of age <40 years, primary infertility, with polycystic ovary syndrome (PCOS), and irregular menstruation.

Conclusions Pretreatment with a long-acting GnRHa during the early follicular phase improved the live birth rate

in FET cycles. Age <40 years, primary infertility, PCOS, and irregular menstruation are effective indications for endome-
trial preparation with GnRHa pretreatment in FET cycles. However, further randomized controlled trials are required

to verify these results.

Keywords GnRH agonist, Follicular phase, Frozen-thawed embryo transfer, Hormone replacement treatment,
Assisted reproductive technique

*Correspondence:

Jing Zhao

zjclivia@csu.edu.cn

Yanping Li

liyanp@csu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13048-023-01277-0&domain=pdf

Xu et al. Journal of Ovarian Research (2023) 16:197

Background

Frozen-thawed embryo transfer (FET) allows the genera-
tion of embryos by in vitro fertilization (IVF) or intra-
cytoplasmic sperm injection (ICSI), which can then be
frozen for transfer after several months or years [1]. FET
has been found to increase the cumulative pregnancy
rate after one cycle of ovarian stimulation and oocyte
retrieval [2]. FET also reduces the risk of ovarian hyper-
stimulation syndrome. Embryos from freeze-all strat-
egy cycles, such as mild controlled ovarian stimulation
cycle, progestin-primed ovarian stimulation cycle, and
cancelled fresh cycles resulting from other conditions,
including those with extremely high levels of serum
progesterone, can be transferred during FET cycles. In
recent years, the rates of FET cycles in Europe increased
from 28% in 2010 to 32.3% in 2011 [3]. However, there
is little consensus regarding the most efficient method
for endometrial preparation in FET cycles. Nature cycles
are mainly used in ovulatory women, whereas hormone
replacement therapy (HRT) cycles have been utilized in
anovulatory patients or in time-controlled situations. In
HRT FET, estrogen and progesterone are administered in
a sequential regimen, and it aims to suppress the devel-
opment of the dominant follicle and mimic the hormone
exposure of the endometrium. Initially, estrogen was
administered for more than 12 days to induce the endo-
metrial proliferation. Progesterone was then adminis-
tered to initiate secretory changes associated with the
endometrium reaching its optimal thickness, as observed
by ultrasound. Synchronously developed embryos were
thawed and transferred [1].

Since 1989, to mimic the down-regulation procedure
of fresh cycles, a gonadotropin-releasing hormone ago-
nist (GnRHa) has been applied and started from the mid-
luteal phase to downregulate pituitary GnRH receptors
and prevent follicular growth. For the subsequent men-
strual cycle, estrogen and progesterone are administered
sequentially, and this cycle is denoted as the HRT cycle.
In the HRT cycle without GnRHa, the development of
dominant follicles are also suppressed, providing a more
economical, convenient, and comfortable procedure for
patients undergoing IVF, in addition to being less time
consuming. Therefore, an HRT cycle of FET without
GnRHa has become a common method for endometrial
preparation in anovulatory patients. El-Toukhy et al
reported that HRT FET with daily short-acting GnRHa
starting in the mid-luteal phase of the menstrual cycle
achieved significantly higher clinical pregnancy and live
birth rates than those without GnRHa suppression [4].
However, other studies [5—-12] found different results
with similar clinical pregnancy rates. A Cochrane review
[2] reported that HRT alone was associated with a clini-
cal pregnancy rate similar to that of HRT with GnRHa
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suppression. Recently, a randomized control trial (RCT)
[13] reported that pretreatment with long-acting GnRHa
after 5-7 days of oral dydrogesterone in patients with
polycystic ovary syndrome (PCOS) did not improve the
clinical pregnancy rate in the HRT FET cycle.

Obviously, whether GnRHa pretreatment can improve
the pregnancy outcomes in FET cycles is controversial.
GnRHa was administered during the mid-luteal phase
as a pretreatment in most of the above studies. We pro-
pose that the inconsistency of results in different studies
is related to the characteristics of the included patients
and the protocol of GnRHa administration. Therefore, we
investigated the efficacy of pretreatment with a long-act-
ing GnRHa in the early follicular phase of frozen-thawed
embryo transfer cycles and determined which population
was applicable to the protocol.

Results

Patient characteristics

A total of 630 and 1141 patients were included in the
GnRHa FET group and HRT FET without GnRHa
groups, respectively. There was no difference between
the two groups in terms of age, menstrual cycle (regular
menstruation:22—-34 days), duration of infertility, type of
infertility, percentage of PCOS (diagnosis according to
Rotterdam Criteria), diminished ovarian reserves (anti-
Miillerian hormone<1.2 ng/ml), endometriosis, scarred
uterus (uterus after surgery such as cesarean section or
intramural myoma), uterine malformation, or the grade
and number of transferred embryos (Table 1).

Outcomes

The GnRHa FET group produced a higher percentage of
endometrium with a triple line pattern (94.8% vs 89.6%,
p<0.001) on the day of progesterone administration,
as well as an increased implantation (35.6% vs 29.8%,
p=0.005), biochemical pregnancy (60.6% vs 54.3%,
»=0.009), clinical pregnancy (49.8% vs 43.3%, p=0.008),
and live birth rates (39.4% vs 33.7%, p = 0.016) compared
to the HRT FET group. However, the endometrial thick-
ness, ectopic pregnancy rate, and early miscarriage rate
were similar Table 2.

Binary logistic regression analysis was performed to
evaluate the effect of each variable on clinical pregnancy
(Table 3). Age, PCOS, number of transferred embryos,
grade of transferred embryos, endometrial thickness and
GnRHa use, rather than different forms of estrogen use
were the independent factors affecting clinical pregnancy
and live birth. The GnRHa FET group was associated
with an increased chance of clinical pregnancy (P=0.028,
odds ratio [OR] 1.32, 95% confidence interval [CI] 1.03—
1.7) and live birth rates (P=0.013, odds ratio [OR] 1.34,
95% confidence interval [CI] 1.06—1.7) compared to HRT
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Table 1 Characteristics of patients
Characteristics GnRHa FET (n=630) HRT without GnRHa (n=1141) P
Age 321+52 324+53 0.306
Duration of infertility 48+3.6 51+39 0.127
Type of infertility 0.108

Primary 310/630 (49.2) 516/1141 (45.2)

Secondary 320/630 (50.8) 516/1141 (54.8)
Number of pregnancies 12£14 1215 0.245
PCOS(%) 111(17.6) 238 (20.9) 0.101
DOR(%) 86 (13.7) 183 (16.0) 0.180
Scarred uterus(%) 102 (16.2) 158 (13.8) 0.182
Endometriosis(%) 23(37) 36(3.2) 0.578
Number of transferred embryos 1.7+04 1.7£04 0.890
Grade of transferred embryos? 0472

Cleavage | 160 (22.7) 277 (23.9)

Cleavage Il 331 (46.9) 548 (47.4)

Blastocyst 215 (30.5) 332(28.7)

GnRHa Gonadotropin-releasing hormone agonist, HRT Hormone replacement treatment, PCOS Polycystic ovary syndrome, DOR Decreased ovarian reserve

2 If transferred embryo including at least one grade | cleavage embryo, one or two grade Il cleavage embryo, and one or two blastocysts were classified as Cleavage |,

Cleavage ll, and blastocyst respectively

Table 2 Outcome of FET with or without GnRHa

Outcome GnRHa FET (n=630) HRT without P
GnRHa
(n=1141)
Endometrial thickness  9.4+1.5 93+15 0.215
Endometrial pattern 0.000
Triple line 597 (94.8) 1022 (89.6)
No triple line 33(5.2) 119 (104)
Biochemical preg- 382 (60.6) 619 (54.3) 0.009
nancy (%)
Implantation rate (%)  390/1093 (35.6) 591/1983 (29.8)  0.005
Clinical pregnancy (%) 314 (49.8) 494 (43.3) 0.008
Ectopic pregnancy (%) 8(1.3) 17 (1.5)° 0.707
Early miscarriage (%) 37/630 (5.9) 65/1141 (5.7) 0.879
Live birth (%) 248 (39.4) 384(33.7) 0.016

FET Frozen-thawed embryo transfer, GnRHa Gonadotropin-releasing hormone
agonist, HRT Hormone replacement treatment

2 Included two heterotopic pregnancies

FET without GnRHa group. The Hosmer-Lemeshow
test showed that the final models of clinical pregnancy
(p=0.222) and live birth (p =0.343) fit well.

Whether GnRHa pretreatment improves pregnancy
outcomes in different patient populations remains
unknown. Patients were divided into two subgroups
according to age, type of infertility, PCOS and men-
strual cycle. Subgroups analysis were performed between
age<40 years with>40 years, primary with second-
ary infertility, PCOS with no PCOS, and regular with

irregular menstruation respectively. The results are
summarized in Table 4. The percentage of tri-line endo-
metrium on the day of progesterone administration of
the GnRHa FET group was significantly higher than
that in the HRT FET group in all subgroups, except for
the subgroup of patients with regular menstruation and
age >40 years. In the subgroup of age<40 years rather
than >40 years, the GnRHa FET group produced higher
implantation (38.1% vs 32.3%, p=0.002), biochemical
pregnancy (63.7% vs 58.6%, p=0.019), clinical pregnancy
(53.4% vs 46.6%, p=0.01), and live birth rates (42.4% vs
37%, p=0.036) than the HRT FET group. In patients with
primary infertility, rather than secondary infertility, the
implantation, clinical pregnancy and live birth rates were
higher in the GnRHa FET group than the HRT FET group
(42.0% vs. 33.3%, p<0.001; 58.1% vs. 48.6%, p =0.009; and
47.7% vs. 38.2%, p=0.007, respectively).

In the subgroup of patients with PCOS, the bio-
chemical pregnancy, implantation, clinical pregnancy
and live birth rates were higher in the GnRHa FET
group than in the HRT FET group (82.9% vs. 62.6%,
p<0.001; 51.5% vs. 37.3%, p<0.001; 69.4% vs. 53.4%,
p=0.005; and 58.6% vs. 41.6%, p=0.003, respectively).
In the subgroup of patients without PCOS, the GnRHa
FET group produced a higher implantation (32.1% vs.
27.7%, p=10.021), similar biochemical pregnancy (55.9%
vs. 52%, p=0.164), critically higher clinical pregnancy
(45.7% vs. 40.6%, p=0.065), and similar live birth rate
(35.3% vs. 31.6%, p=0.153), as compared to the HRT
FET group. In the subgroup of patients with irregular
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Table 3 Multivariable logistic regression analysis on patient’s variable effect on clinical pregnancy and live birth
Covariate Clinical pregnancy? Live birth®
OR (95% Cl) P OR (95% Cl) P

Age 0.92(0.90-0.94) 0.000 0.91(0.89-0.93) 0.000
PCOS

YES Reference 1.00

NO 0.69(0.53-0.89) 0.005 0.75(0.58-0.97) 0.032
Endometriosis

YES 1.00 1.00

NO 1.83(1.01-3.33) 0.045 1.53(0.81-2.89) 0.181
Number of transferred embryos 2.09(1.62-2.70) 0.000 1.97(1.50-2.57) 0.000
Grade of transferred embryos 0.000 0.000

Cleavage 0.50(0.39-0.64) 0.53(0.41-0.68)

Blastocyst 1.00 1.00
Endometrial thickness 1.09(1.02-1.16) 0.011 1.07(1.00-1.15) 0.04
Endometrial pattern

Triple line 1.38 (0.95-2.00) 0.082 1.29(0.87-1.9) 0.194

No triple line 1.00 1.00
Form of estrogen administration 0.570 0.548
Without estrogen 1.00 1.00
Estradiol gel 0.67 (0.32-1.38) 0.67 0.73(0.35-1.52) 0.408
Estradiol valerate 0.66 (0.33-1.35) 0.261 0.75(0.36-1.54) 0.44
Femoston 0.74 (0.35-1.56) 0.439 0.88 (041-1.87) 0.746
Protocol

With GnRha 1.32(1.03-1.70) 0.028 1.34(1.06-1.70) 0013

Without GnRha 1.00 1.00

OR Odds ratio, C/ Confidence interval, PCOS Polycystic ovary syndrome, DOR Decreased ovarian reserve, GnRHa Gonadotropin-releasing hormone agonist, HRT

Hormone replacement treatment
2 Hosmer-Lemeshow test, p=0.222

b Hosmer-Lemeshow test, p=0.343

menstruation, the biochemical pregnancy, implanta-
tion, clinical pregnancy and live birth rate were higher
in the GnRHa FET group than in the HRT FET group
(72.9% vs. 59.6%, p=0.001; 45.3% vs. 27.8%, p<0.001;
61.4% vs. 49%, p=0.003;48.3% vs. 39.7%, p=0.039;).
However, in the subgroup of patients with regular men-
struation, the GnRHa FET group produced a higher
implantation rate (30.8% vs 26.2%, p =0.035), but a sim-
ilar biochemical pregnancy, clinical pregnancy and live
birth rates (54.2% vs. 50.5%, p =0.248; 43.6% vs. 39.2%,
p=0.162; 34.5% vs. 29.3%, p=0.079), as compared to
the HRT FET group.

Interestingly, we found that 1-3 dominant follicles
grew in 37 patientsl4 days after GnRHa administration.
The occurrence rate was 5.9%. The age of these patients
was 34.1+4.8 years. The endometrial thickness was
9.4+ 1.5 mm on the day of progesterone administration
with a rate of triple line pattern of 81.1%. After the trans-
fer of 1.9+0.3 embryos, the clinical pregnancy and live

birth rates were 54.1% and 40.5%, respectively. The early
abortion rate was 10.8% (Supplementary Tables 1 and 2).

Discussion

With the widespread use of FET cycles, better proto-
cols for endometrial preparation have been developed
to improve pregnancy rates. The present study found
that compared to the HRT FET cycles without GnRHa,
the GnRHa FET group produced a significantly higher
percentage of endometrium with a triple line pattern
and improved pregnancy outcomes. Logistic regression
analysis also showed that the GnRHa FET group was sig-
nificantly associated with an increased chance of clini-
cal pregnancy and live birth. These results demonstrate
that the administration of a single dose of long-acting
GnRHa in the early follicular phase of the same FET
cycle can improve clinical outcomes, possibly by improv-
ing the receptivity of the endometrium. Meanwhile, after
subgroup analysis, we found that age <40 years, primary
infertility, PCOS, and irregular menstruation are effective
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indications for endometrial preparation with GnRHa pre-
treatment in FET cycles. A relatively large amount of data
provides evidence for the clinical application of this novel
strategy in FET cycles. However, registered controlled
trials are required to confirm the results of this study.

There is no consensus on which method of endometrial
preparation in FET cycles is consistently better for preg-
nancy outcomes with or without GnRHa pretreatment.
Negative results were observed between the two meth-
ods in some studies, that included patients with regular
ovulation [14-18], regular menstrual cycles [5, 8] and
functioning ovaries [7, 9, 11]. In contrast, compared to a
natural or modified natural cycle protocol, retrospective
data from 1391 cycles reported that the HRT protocol
with GnRHa was associated with a higher live birth rate
in the blastocyst-stage of the FET cycles [19]. It has been
reported that pituitary suppression when initiated in the
middle luteal phase of HRT cycles results in higher clini-
cal pregnancy and live birth rates in patients with regu-
lar menstrual cycles than in those without prior GnRHa
therapy [4]. Hebisha et al. reported that the administra-
tion of GnRHa for HRT FET during endometrial prepa-
ration increased the implantation and pregnancy rates in
patients with undefined ovary functions [10]. In differ-
ent studies, the time of GnRHa and the patients included
were different. We proposed that this is one of the most
important reasons for these inconsistent results.

In most published studies, short or long-acting GnRHa
were administered during the mid-luteal phase for pre-
treatment. In the three aforementioned studies, short-
acting GnRHa was administered daily stating in the
middle luteal phase [4, 10, 19]. Le et al. administered
medroxy-progesterone acetate for 10 days to induce
menstruation and a half-dose of long-acting GnRHa
on the third day of medroxy-progesterone acetate. The
administration of exogenous estradiol was initiated on
the third day of menstruation. They found that preg-
nancy outcomes were comparable to those observed in
modified natural cycles [20]. Nekoo et al. and Prato et al.
administered 3.75 mg of long-acting GnRHa at the mid-
luteal phase (day 21) of the previous cycle, resulting in
similar pregnancy rates between the HRT and GnRHa
HRT FET cycles [5, 7].

Few studies have focused on the administration of
long-acting GnRHa during the early follicular phase. In
Qi’s study, 3.75 mg of long-acting GnRHa was injected
on day 2 or 3 of menstruation with HRT 28 days later.
They found that pregnancy outcomes were improved in
patients with endometriosis and PCOS [21]. Xie et al.
[22] administered 3.75 mg of long-acting GnRHa on day
3 of menstruation. After 28 days, estrogen and progester-
one were administered as endometrial preparations. The
data showed that the resultant clinical pregnancy and
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live birth rates were higher in the GnRHa HRT FET cycle
than in the HRT FET cycle. Xu et al. recently reported
that pretreatment with GnRHa failed to improve preg-
nancy outcomes in patients undergoing HRT-FET [23].
In our study, long-acting GnRHa was administered dur-
ing the early follicular phase. It is easier for patients to
recognize menstruation than luteal phase. Our results
demonstrated that the administration of a single dose
of long-acting GnRHa in the early follicular phase of
the same FET cycle can be a novel strategy for endome-
trial preparation in FET cycles. The most effective inter-
val between the GnRHa and estrogen administration is
unknown. We found that an interval of 14 days between
GnRHa and estrogen administration was sufficient for
pretreatment and reduced the time the patient waited
to start endometrial preparation. A shorter interval or
administration of GnRHa and HRT together may also
improve the pregnancy outcome of FET. This aspect war-
rants further investigation.

Pretreatment with GnRHa in FET cycles may has its
indications for patients to improve pregnancy outcomes.
Qi et al. found that pregnancy outcomes were improved
in patients with endometriosis and PCOS after pretreat-
ment with GnRHa [21]. However, one RCT reported that
in patients with repeated implantation failure, short-term
GnRHa from 21 day of menstruation did not increase
pregnancy in subsequent HRT cycles [24]. In patients
aged 38 years or older, Dong et al. failed to find a signifi-
cant difference in pregnancy and live birth rates between
the two groups [24]. In our study, after subgroup analy-
sis, we found that pretreatment with GnRHa significantly
increased clinical pregnancy and live birth rates in the
subgroups of patients aged <40 years, primary infertil-
ity, PCOS, and irregular menstruation, as compared to
those in the HRT FET cycles. The results demonstrated
that age <40 years, primary infertility, PCOS, and irregu-
lar menstruation are effective indications for endometrial
preparation with GnRHa pretreatment in FET cycles.
However, this deserves further study RCTs.

Dominant follicles can be used for endometrial prep-
aration after GnRHa administration because of their
flare-up effect. ET was found to produce 54.1% of clini-
cal pregnancy rate and 40.5% of live birth rate in this
situation, suggesting that the downregulation of GnRHa
did not affect embryo implantation when dominant fol-
licles occurred; thus, the “cyst” need not to be punctured
and the cycles need not to be cancelled or delayed under
these conditions.

Clinical pregnancies and live births are associated with
complex interactions between molecular pathways dur-
ing fertilization, development and implantation of the
embryo [25]. However, the mechanism by which GnRHa
improves pregnancy outcomes in FET cycles remains
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unclear. First, the long desensitization buserelin pro-
tocol was used for ovarian stimulation in patients with
endometriosis to improve endometrial receptivity and
immunoregulation [26, 27]. During FET cycles, learn
from ovarian stimulation, long-acting GnRHa then was
used for pretreatment before endometrial preparation.
The GnRH/ GnRHR system is expressed in the endome-
trium, ovaries, and human preimplantation embryos. The
expression of this system supports its physiological regu-
latory role in the functioning of the corpus luteum [28],
endometrial receptivity [29], trophoblast invasion [30],
and embryo implantation [31, 32]. Fujii et al. continu-
ously administered GnRHa during the luteal phase for14
days after oocyte retrieval in long protocol IVF [33]. The
serum estradiol and progesterone concentrations on the
day of embryo transfer and 7 days after oocyte retrieval
were similar to those obtained using the long protocol
alone. The implantation and live birth rates were signif-
icantly higher in the GnRHa group than in the control.
These results suggested that GnRHa facilitates embryo
implantation by enhancing luteal secretion. However,
the results of our study cannot be explained on this
basis. In our study, exogenous estrogen and progesterone
were administered when there was no corpus luteum,
except in the 37 patients who were undergoing ovula-
tion. After 8 weeks of long-acting GnRHa administration,
the pituitary gland began to recover its functions [34]. In
our study, ET was performed at about 31-40 days after
administering GnRHa, when the pituitary was in a state
of suppression and the corpus luteum could not be stim-
ulated. The GnRHa FET group produced a significantly
higher percentage of endometrium with a triple line pat-
tern, and improved pregnancy outcomes compared with
the HRT FET cycles without GnRHa group. We propose
that a possible mechanism could be the direct action of
GnRHa in improving endometrial receptivity during FET
cycles. In a murine model, ovarian stimulation decreased
the endometrial expression of the integrin beta-3 subu-
nit, leukaemia inhibitory factor, and the implantation rate
during the implantation window. These effects were par-
tially reversed by GnRHa administration. These results
suggest that GnRHa plays an important role in improv-
ing the endometrial receptivity [29], thus supporting our
hypothesis.

This study had several limitations. As this was a ret-
rospective study and not a prospective randomized
study, undetected biases may have occurred. Thus, we
performed a logistic regression analysis to reduce bias.
We did not evaluate important data, such as obstetrical
and neonatal outcomes. A wide range of forms, doses,
and routes of estrogen administration were utilized,
which could potentially hinder the reproducibility of the
results in future studies. Due to the small sample size,
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the clinical outcomes of GnRHa with dominant follicles
without HRT were inconclusive. However, the reproduc-
tive outcomes were satisfactory in these patient groups.

Conclusions

The administration of a single dose of long-acting GnRHa
during the early follicular phase can improve the live
birth rate in FET cycles. Age<40 years, primary infer-
tility, PCOS, and irregular menstruation are effective
indications for endometrial preparation with GnRHa
pretreatment in FET cycles. The mechanism underlying
this process might rely on the direct effects of GnRHa on
the regulation of endometrial receptivity. However, fur-
ther RCT are required to validate the results of this study.

Methods

Study population and inclusion criteria

Patients who underwent FET October 2017 to March
2019 at a university-affiliated IVF center were retrospec-
tively investigated. This study was approved by the Insti-
tutional Review Board (No0.20190815) and conducted
according to the principles of the Declaration of Helsinki.
This manuscript conforms to the Enhancing the Quality
and Transparency of Health Research (EQUATOR) net-
work guidelines. The inclusion criterias were as follows:
(1) patients who underwent FET cycles with GnRHa pre-
treatment (GnRHa FET) and HRT FET cycles without
GnRH agonist (HRT) as the control group at the cor-
responding period for endometrial preparation accord-
ing to electronic records; (2) patients aged 45-years
old or less; and (3) at least one grade I, II, or blastocyst
embryo transferred. Cleavage stage embryos were grade
with Istanbul consensus 2011 and blastocysts were
graded with the Gardner scoring system; (4) endome-
trial thickness on the day of progesterone supplementa-
tion was>6.5 mm. Patients with intrauterine adhension,
untreated hydrosalpinx or severe adenomyosis were
excluded from this study. Patients with severe endome-
triosis including adenomyosis received two and more
GnRHa treatments were excluded.

Endometrial preparation protocols

HRT FET without GnRH agonist

On the third day of menstruation, ultrasonography was
performed to exclude the patients with functional ovar-
ian cysts in the control group. If patients were amenor-
rhea, 6-7 days of oral dydrogesterone or progesterone
capsules were used to induce menstruation. Estradiol
valerate ((Progynova, Bayer) or a white estradiol tablet
(Femoston, Abbott) was administered at an initial dose of
2 mg bid, which was increased to 3-4 mg bid as necessary.
Transdermal estradiol gel (Oestrogel, Besins, France)
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was administered at an initial dose of 1.5-2 slide cali-
pers bid. Estrogen was administered for at least 12 days.
The endometrial thickness was monitored. If it reached
at least 6.5 mm and no dominant follicles were found,
vaginal micronized progesterone supplementations were
administered at a dose of 400 mg bid for endometrial
conversion. Cleavage embryos were transferred on the
fourth day of progesterone administration and blastocyst
embryos were transferred on the sixth day.

FET with GnRH agonist

On the second or third day of menstruation, ultrasonog-
raphy was performed to rule out the presence of func-
tional ovarian cysts in the experimental groups. Then,
3.75 mg of leuprorelin was administered. If no dominant
follicles were observed on ultrasound 14 days later, estro-
gen and progesterone were administered, and the embryo
was transferred as described above. If dominant follicles
were found, HMG was used to promote the development
of the follicles as necessary, after which ovulation was
triggered by HCG with the thickness of the endometrium
reaching at least 6.5 mm. After ovulation or 2 days after
HCG injection, progesterone was added for endome-
trial conversion. Cleavage and blastocyst embryos were
transferred on the third and fifth days post-ovulation or
on the fifth and seventh days after HCG administration,
respectively.

Outcomes

Twelve days after embryo transfer, the concentration of
HCG in the serum was tested. If the pregnancy test was
positive 28-35 days after ET, transvaginal ultrasonog-
raphy was performed to confirm clinical pregnancy.
Luteal support was continued for up to two months
after FET. The live birth rate was the primary outcome
considered in this study. The secondary outcomes were
the endometrial thickness on the day of progesterone
supplementation and clinical pregnancy rate. Early
miscarriages were defined as spontaneous clinical preg-
nancy loss prior to 12 weeks of gestation. Implantation
rate was defined as the ratio of the number of gesta-
tional sacs over the number of transferred embryos.
Clinical pregnancy was defined as a visible yolk sac on
ultrasonography.

Statistical analysis

Statistical analysis was performed using the SPSS 23.0
(IBM, Armonk, NY, USA). Measurement data are pre-
sented as the mean * standard deviation (SD) and were
analyzed using Student’s t-test or Fisher’s exact test
where appropriate. Enumeration data are presented
as percentages (%) and were analyzed using the chi-
square test. Statistical significance was set p<0.05.
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Binary logistic regression analysis was used to assess
the association between the GnRHa level and clini-
cal pregnancies. We calculated odds ratios (OR) and
95% confidence interval (CI). Hosmer—Lemeshow test
was conducted to assess the overall quality of the final
model. Subgroups analysis we performed between
age <40 years with >40 years, primary with secondary
infertility, PCOS with no PCOS, and regular with irreg-
ular menstruation respectively.
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