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Abstract 
The well-prepared endometrium with appropriate thickness plays a critical role in successful embryo implantation. The thin 
endometrium is the main factor of frozen-embryo transfer (FET), resulting in the failure of implantation undergoing FET. Hormone 
treatment is suggested to improve endometrium thickness; however, among the larger numbers of cases, it cannot reach the 
sufficient thickness, which leads to a high cancelation rate of embryo transfer as well as waste high-quality embryos. Thus, it 
increases the burden to patients in both economic and psychological perspectives. We performed a retrospective observational 
study, which was composed with 2 cohorts, either with the conventional hormone replacement therapy (HRT) protocol or HRT 
with gonadotrophin-releasing hormone agonist (GnRHa) pretreatment to prepare the endometrium before FET. The measurements 
of endometrium thickness, hormone level, transfer cycle cancelation rate, pregnancy rate, and implantation rate were retrieved 
from the medical records during the routine clinic visits until 1 month after embryo transfer. The comparisons between 2 cohorts 
were performed by t-test or Mann–Whitney U test depending on the different attributions of data. In total, 49 cycles were under 
HRT with GnRHa pretreatment and 84 cycles were under the conventional HRT protocol. HRT with GnRHa pretreatment group 
improved the endometrial thickness (8.13 ± 1.79 vs 7.51 ± 1.45, P = .031), decreased the transfer cancelation rate (P = .003), 
and increased clinical pregnancy rate and implantation rate significantly (both P = .001). Additionally, luteinizing hormone level 
in pretreatment group was consistently lower than conventional HRT group (P < .05). Our study revealed HRT with GnRHa 
pretreatment efficiently improved the endometrial thickness, therefore, decreased the FET cycle cancelation. It also elevated the 
embryo implantation rate and clinical pregnancy rate by improving endometrial receptivity.

Abbreviations: AdjOR = adjusted odds ratio, BMI = body mass index, E2 = estradiol, Em = increased endometrial thickness, 
FET = frozen-embryo transfer, FSH = follicle stimulating hormone, GnRHa = gonadotrophin-releasing hormone agonist,  
hCG = human chorionic gonadotrophin, HRT = hormone replacement therapy, LH = luteinizing hormone, ROC = receiver operating 
characteristic, SD = standard deviation.
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1. Introduction

The frozen-embryo transfer (FET) has been largely promoted and 
accounted for 26% of all in vitro fertilization (IVF) cycles.[1] The 
main impact factors of FET are embryo quality, number of trans-
ferred embryos and endometrial receptivity.[2] The endometrial 
thickness is related to endometrial receptivity as the most import-
ant factors, and could be a predictor of success in IVF.[3]

It has been reported that the probability of nature clinical 
pregnancy for patient with thin endometrium was significantly 
low.[4] As known, the thin endometrium is a critical factor in 
embryo implantation failure, impacting pregnancy outcomes 
after embryo transfer,[5] increasing the risk of embryo transfer 
cancelation, causing the waste of the top-quality embryos and 
bringing the economic and psychological burden. There were 
around 25% of women aged 41 to 45 years and 5% with women 
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aged younger than 40 years old suffering thin endometrium.[6,7] 
The incidence of endometrial thickness < 7 mm on the day of 
HCG administration varies between 1% and 2.5% according 
to large-scaled prospective cohort studies among IVF popula-
tions.[8,9] The incidence of thin endometrium is likely under-
estimated since these studies excluded patients with embryo 
transfer cancelation due to different reasons but mainly the thin 
endometrium.

Up to now, the definition of thin endometrium is still under 
debate. The sufficient thickness of endometrium is prerequisite 
for a successful implantation, which could be a certain lower 
limitations as 6 to 8 mm.[5,10,11] Although 2 convincible studies 
applying the receiver operating characteristic curves, indicated 
the threshold of endometrial thickness for a possible pregnancy 
was above 8 mm.[12,13] Thus, our study applied 8 mm as the cut-
off value of thin endometrium.

The diverse etiology for thin endometrium mainly contains 
the repeated uterine curettage, chronic pelvic inflammation.[14] 
Estrogen with sequential progesterone as hormone replace-
ment treatment (HRT) is proposed as one of most popular 
treatments.[15] However, the efficacy is limited even under com-
bination therapy. Recent years, we modified the conventional 
HRT protocol, with the pretreatment of low-dose gonadotro-
phin-releasing hormone agonist (GnRHa). Reviewing dataset 
retrospectively, we investigated whether this optimized endo-
metrial preparation protocol could improve the endometrial 
thickness and pregnancy outcomes, compared with conven-
tional HRT.

2. Materials and Methods
As a retrospective study, all data were retrieved from electronic 
medical record system. We consecutively screened the patients 
with thin endometrium undergoing FET cycles in Reproductive 
Medicine Center of Changhai Hospital affiliated to Naval 
Medical University from January 2017 to January 2021. Our 
study was reviewed and approved by the local Ethical Review 
Board (201709471).

2.1. Selection of study population

All patients undergoing FET cycles were routinely measured the 
thickness of endometrium by ultrasound on the day of the ovum 
retrieval, or the day of progesterone administration, which was 
called the transformation day. Detailed measurements on endo-
metrial thickness were described in following paragraph about 
measurement of endometrial thickness. Those patients with a 
2-time <8 mm endometrium were screened into our analysis, 
defined as the cases with persistent thin endometrium.

All these patients underwent the endometrial preparation 
during FET cycles, either with the conventional HRT or HRT 
with GnRHa pretreatment. Hysteroscopy was routinely per-
formed to confirm the integrity of endometrium. The cases with 
endometrium-related diseases including uterine malformations, 
uterine myoma, endometrial polyps, intrauterine adhesion, gen-
ital tuberculosis, and hydrosalpinx, were excluded from study 
cohort.

Hormone examinations were routinely requested during the 
day 2 to 5 of menstrual cycle, which was presented as baseline 
data, and repeated on transformation day.

2.2. Study cohorts and endometrial preparation protocols

Our study population were divided into 2 cohorts under the 
2 different protocols for endometrium preparation during FET 
cycle. Part of patients repeated the same protocol and part of 
them switched to different protocols, such as from conventional 
HRT to HRT with GnRHa pretreatment.

The conventional HRT, for those regular-cycle patients, usu-
ally started on the day 3 of menstruation, namely HRT day 1 
(HRT D1, Fig.  1). And for those irregular bleeding patients, 
it started on the day of induced-menstrual bleeding. The low 
dose of oral estradiol valerate (E2, Progynova; Bayer) 2 mg 
per day was last for 5 days, followed with gradual increased 
dose, according to the monitor of the endometrium thickness 
by transvaginal ultrasonography. The high dose of estradiol 
was normally last for another 2 days until that the endometrial 
thickness reached 7 mm. Otherwise, endometrium preparation 
would be evaluated on HRT day 18 (HRT D18, Fig. 1), which 
was HRT day 18, when the serum levels of LH, estrogen, and 
progesterone were examined. In condition that the endometrial 
thickness was <7 mm by HRT day 18 (HRT D18, Fig. 1) or that 
the progesterone level was higher than 1.5 ng/mL, this FET cycle 
was suggested to cancel. When endometrium reached 7 mm, 
progesterone was administrated 10 mg b.i.d and 90 mg of vagi-
nal gel per day adjugated with E2 to mimic the menstrual cycles, 
which was transforming day. The detail process could refer to 
Figure 1.

In HRT with GnRHa pretreatment protocol, the long-term 
GnRHa, leuprorelin acetate microspheres were prescribed to 
patients with the sequential 2 doses. The first intramuscular 
injection of 1.5 mg GnRHa was administered on the day 2 to 
5 of the menstrual bleeding. Another dose of 1.5 mg GnRHa 
was employed 28 days later. On the 14th day after the second 
injection, low dose of oral estradiol valerate was started as the 
same as described previously and followed progesterone when 
endometrium was prepared. Detail protocol was illustrated in 
Figure 1.

Figure 1. HRT protocols for endometrial preparation. It was usually started in menstrual bleeding day 3, which was presented as HRT D1 in HRT conventional 
protocol. *HRT D1 is on the 14th day after the second GnRHa injection. **HRT DX means any possible day between HRT D11 and D18. b.i.d. = 2-times per 
day, D = day, E2 = estrogen, orally administrated, FET = frozen-embryo transfer, HRT = hormone replacement therapy, IM = intramuscular, MC = menstrual 
cycle, P4 = progesterone, pv = per vagina.
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2.3. Measurement of endometrial thickness

All measurements of endometrium were performed by transvagi-
nal ultrasound using high frequency (38 MHz, model: 8; Philips), 
and under status of empty bladder. The thickness of endometrium 
was determined in the sagittal plane at the thickest portion near 
the fundus. The thickness was measured from 1 stratum basalis 
endometrial interface across the endometrial canal to the other 
stratum basalis interface (Fig. 2). The surrounding inner myo-
metrial layer was excluded from the measurement. Endometrial 
thickness was measured routinely on the day of progesterone 
administration under these 2 endometrial preparation protocols.

2.4. Embryos transfer and supportive therapy in 
posttransfer

Embryos were assessed according to ASEBIR embryo evalua-
tion criteria and Istanbul consensus.[16] And the detail eval-
uation of top-quality embryos was also referring to the same 
recommendation.

FET was performed under the guidance of transabdominal 
ultrasound on the fourth or the sixth day after administration 
of progesterone.

Under progesterone prescription on the transforming day, 
high dose of 200 mg progesterone was suggested to taken orally 
every day from FET day onwards, until positive pregnancy test 
on 14th day after FET or clinical pregnancy. The serum human 
chorionic gonadotrophin (hCG) higher than 5 mIU/mL, was 
considered as the positive pregnancy test.

2.5. Follow-up on pregnancy outcome

The follow-up visits were conducted by nurses in a routine 
scheduled time frame after embryo transfer. Serum hCG and 
ultrasound examine were performed on day 14 and 30 to 35 
after embryo transplant, respectively. Clinical pregnancy as an 
important outcome was confirmed by the increasing hCG and 
the presence of a gestational sac containing yolk sac at transab-
dominal ultrasonography. Ectopic pregnancy was not exclusive 
in this case. Implantation rate, a common definition referring to 
the previous report,[17] was calculated by the percentage of the 
gestational sacs among the total embryos number transferred, 
which was obtained during routine follow-up.

2.6. Statistical analysis

Data analysis was done by the SPSS software (Statistical 
Package for the Social Sciences, version 18.0; IBM Corp, 
Armonk, NY). Continuous variables following normal distri-
bution were given as mean ± standard deviation and compared 

by unpaired Student t-test, when following non-normal distri-
bution were presented as median (interquartile range: P25–P75) 
and compared by Mann–Whitney U test. Categorical variables, 
presented as count and percentage, were analyzed by chi-square 
test or Fisher exact test. The statistical significance was assumed 
when 2-tailed value of P < .05. Multivariable logistic regression 
analysis was performed to identify potential factors contrib-
uting to clinical pregnancy for these special patients. Further 
subgroup analysis was also performed to limit the confounders.

3. Results
A total of 133 FET cycles from 76 patients were included into 
our analysis. Respectively, 49 cycles were under HRT with 
GnRHa pretreatment and 84 cycles were under the conven-
tional HRT protocol.

3.1. Baseline characteristics

The baseline demographic and clinical variables from all 
included participants were shown in Table  1. The statistical 
comparison demonstrated no differences between 2 groups in 
terms of female age, male age, body mass index, duration of 
infertility, primary infertility rate, and the endometrial thickness 
on transformation day before HRT treatment. The serum sex-
ual hormone levels were routinely examined during menstrual 
bleeding, presented in Table 1. And no differences were detected.

3.2. Endometrial preparation outcomes

Table  2 displayed the detail about endometrial preparation 
outcomes. The endometrial thickness in HRT with GnRHa pre-
treatment group was significantly higher than that of conven-
tional HRT group (8.13 ± 1.79 vs 7.51 ± 1.45, P = .031). The 
increased endometrial thickness (∆Em) after hormone treat-
ments was significant larger in HRT with GnRHa pretreatment 
group compared with the conventional HRT group.

The actual duration of E2 administration and serum E2 level 
were similar between groups (P = .113, P = .615). However, sig-
nificantly lower serum LH and progesterone level were observed 
as expected.

Thirty-six transfer cycle was canceled because of thin endo-
metrium and/or high progesterone level on transformation day 
(P > 1.5 ng/mL). FET cycle cancelation rate was significantly 
lower in extended GnRHa plus HRT group than in conven-
tional HRT group (12.2% vs 35.7%, P = .003, Table 2).

3.3. Embryo transfer and pregnancy outcomes

We analyzed embryo transfer and pregnancy outcomes in 43 and 
54 transfer cycles among 2 groups respectively. Compared with 
conventional HRT group, there were significantly higher clinical 
pregnancy rate and implantation rate (53.5% vs 22.2%; 33.7% 
vs 14.0%; P = .001) in HRT with GnRHa pretreatment group 
(Table 3). The number of embryo transfer, top-quality embryo 
transferred per cycle and endometrial thickness on transfer day 
did not differ between the 2 groups (P > .05), and neither did the 
top-quality embryo transfer rate (52.3% vs 60.7%, P = .240). 
However, the blastocyst transfer rate in HRT with GnRHa pre-
treatment group was significantly higher than those in conven-
tional HRT group.

3.4. Logistic regression analysis of factors associated with 
clinical pregnancy rate

For embryo transplant recipients, the factors that influence clin-
ical pregnancy were analyzed using logistic regression (Table 4). 
Multivariable logistic regression analysis in transfer cycles 

Figure 2. The measurements of endometrial thickness by transvaginal ultra-
sound. The uterus was in sagittal plane. The distance between 2 crosses as 
the thickest portion near the fundus was the endometrial thickness.
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showed that endometrium preparation protocol was associated 
with clinical pregnancy (P = .043). Instead, the odds ratio of 
conventional HRT for clinical pregnancy was 0.23 (95% confi-
dence interval: 0.05–0.95).

3.5. Pregnancy outcomes in subgroups

To further analyze the effect of the 2 endometrial preparation 
protocols on pregnancy outcomes, we performed subgroup 
analysis among blastocyst transfer and the other embryo trans-
fer. The results shown indicated that there was no difference on 
the endometrial thickness on transfer day, the number of trans-
ferred embryos and the E2 level on transformation day between 
HRT with GnRHa pretreatment and conventional HRT groups 
(P > .05). While the LH level on transformation day was much 
lower in HRT with GnRHa pretreatment group, in both sub-
group analysis upon blastocyst transfer cycles or the other 

embryo transfer cycles (both P < .05). In subgroup analysis of 
blastocyst transfer cycles, although there was no significant dif-
ference in top-quality embryo, the clinical pregnancy rate and 
the implantation rate were significantly higher in HRT with 
GnRHa pretreatment group (both P < .05). Detail results were 
presented in Table 1 (Supplemental Digital Content, http://links.
lww.com/MD/G951).

4. Discussion
Until now, the advantage of HRT with GnRHa pretreament 
remains controversial and there was no study to estimate its 
efficacy for patients with thin endometrium. Our study results 
showed that HRT with GnRHa pretreatment protocol with 
2 continuous doses of pituitary suppression, might provide 
promising benefit to thin endometrium. This protocol signifi-
cantly improved the endometrial thickness and decreased the 

Table 2

Comparison of endometrial preparation outcomes on transformation day.

 GnRHa pretreatment HRT (n = 49) Conventional HRT (n = 84) Statistical test P 

Estrogen administration duration (d) 16.0 (15.0–17.0) 16.0 (14.0–17.0) Z = –1.584 .113
LH (U/L) 0.86 ± 0.80 17.10 ± 11.43 t = –12.075 .000
E2 (pg/mL) 402.20 ± 556.83 460.88 ± 602.52 t = 0.504 .615
P (ng/mL) 0.45 ± 0.27 2.29 ± 7.26 t = 2.159 .034
Endometrial thickness (mm) 8.13 ± 1.79 7.51 ± 1.45 t = 2.183 .031
∆Em (mm) 1.00 (0.15–2.50) 0.50 (0.00–1.40) Z = –1.977 .048
Transfer cycle cancelation rate 6 (12.2) 30 (35.7) χ2 = 8.635 .003

The data were presented as mean ± SD and median (P25–P75).
∆Em = the difference of endometrial thickness on transformation day during the HRT treatment cycle and the cycle before treatment, E2 = estradiol, LH = luteinizing hormone, P = progesterone, 
transformation day = the starting day of progesterone administration.

Table 3

Comparison of embryo transfer and pregnancy outcomes.

 GnRHa pretreatment HRT (n = 43) Conventional HRT (n = 54) Statistical test P 

Endometrium thickness on transfer day (mm) 8.42 ± 1.61 8.15 ± 1.26 t = –0.969 .515
Number of embryos transferred per cycle 2 (2, 2) 2 (2, 2) Z = –0.220 .826
LH level on transformation day (U/L) 0.87 ± 0.84 16.864 ± 10.92 t = 10.419 .000
P level on transformation day (ng/mL) 0.46 ± 0.27 1.52 ± 2.51 t = 3.009 .004
Blastocyst transfer rate; n (%) 21 (48.8) 12 (22.2) χ2 = 7.554 .006
Number of transferred top-quality embryo per cycle 1 (1, 2) 1 (0, 2) Z = –1.024 .306
Top-quality embryo transfer rate; n (%) 45 (52.3) 65 (60.7) χ2 = 1.380 .240
Clinical pregnancy rate; n (%) 23 (53.5) 12 (22.2) χ2 = 10.147 .001
Ectopic pregnancy rate; n (%) 0 (0.0) 0 (0.0) – –
Implantation rate; n (%) 29 (33.7) 15 (14.0) χ2 = 10.516 .001

LH = luteinizing hormone, E2 = estradiol, P = progesterone, transformation day is the starting day of progesterone administration.

Table 1

Comparison of basic characteristics.

 GnRHa Pretreatment HRT (n = 49) Conventional HRT (n = 84) Statistical test P 

Female age (yr) 34.20 ± 5.37 34.46 ± 5.89 t = –0.254 .800
Male age (yr) 36.31 ± 7.28 36.39 ± 7.99 t = –0.062 .950
BMI (kg/m2) 22.07 ± 2.81 22.84 ± 3.96 t = 1.187 .238
Duration of infertility (yr) 4.0 (1.5–6.0) 3.0 (2.0–5.0) Z = –1.055 .291
Primary infertility rate, n (%) 13 (26.5) 36 (42.9) χ2 = 3.545 .060
b FSH (U/L) 6.20 ± 1.68 6.53 ± 2.38 t = 0.840 .403
b LH (U/L) 4.816 ± 2.47 4.490 ± 2.18 t = 0.777 .439
b E

2
(pg/mL) 43.927 ± 28.23 37.42 ± 20.14 t = 1.511 .133

b P (ng/mL) 0.56 ± 0.24 0.52 ± 0.23 t = –0.762 .448
Endometrial thickness before treatment (mm) 7.00 (6.25–7.50) 7.00 (6.03–7.50) Z = –0.173 .863

The data were presented as mean ± SD and median (P25–P75).
b E2 = basal estradiol, b FSH = basal follicle stimulating hormone, b LH = basal luteinizing hormone, b P = basal progesterone, BMI = body mass index, transformation day = the starting day of 
progesterone administration.

http://links.lww.com/MD/G951
http://links.lww.com/MD/G951
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cycle cancelation rate. There are similar results showing in the 
fresh embryo transplantation.[18] To the best of our knowledge, 
this study is the first report on the clinical benefit of GnRHa 
pretreatment in thin endometrium patients with frozen-embryo 
transplantation.

The endometrium with certain thickness fosters embryo to 
attach, and provides nutrition for an implanting embryo during 
its first few weeks.[19] Hence, the thickened endometrium is critical 
to the successful implantation and pregnancy. This study showed 
HRT with GnRHa pretreatment group improved the endome-
trial thickness significantly. And our analysis revealed that the 
FET cycle cancelation rate was significantly lower in HRT with 
GnRHa pretreatment group than conventional HRT group. This 
result was aligned with the case when GnRHa used in normal 
endometrial thickness. Prato et al[20] reported a 4% cycle cancel-
ation rate without GnRHa and 0% with 1 dose of GnRHa.

Further excluding the canceled cycles, there was no differ-
ence in endometrial thickness on transfer day between the 2 
groups (Table 3), which was due to the artificial preference of 
cases with only thickened endometrium proceeds to the trans-
plantation. Nevertheless, the pregnancy rate in the group of 
HRT with GnRHa pretreatment stayed higher. The latest report 
also showed clinical pregnant rate was increased from 37.68 
to 46.1% among patients with various disease context under 
the GnRHa pretreatment.[21] However, several previous studies 
showed conflicting results. Certain investigations reported sim-
ilar pregnancy outcomes,[22–25] while some indicated the supe-
riority of HRT-FET with GnRHa[21,26] or without GnRHa.[27] 
But for certain infertility patients, GnRHa may be more ben-
eficial. Many studies applied GnRHa pretreatment in patients 
with endometriosis or adenomyosis, which also revealed the 
better pregnant outcomes.[28,29] Recent studies also have found 
that patients with unexplained repeated implantation failure, 
polycystic ovary syndrome, and high serum autoantibody levels 
could obtain better clinical outcomes with the GnRHa pretreat-
ment.[30–32] These above studies had the same trend of improve-
ment on clinical outcomes with GnRHa pretreatment. However, 
due to the patient profile and GnRHa utilization in various 
studies vary largely, the direct comparison of the absolute num-
ber in detail is unreasonable. As to this study, we restricted to 
the infertile women with thin endometrium and the method of 
GnRHa use in this study was 2-time down-regulation.

We speculated that HRT with GnRHa pretreatment pro-
tocol could increase the clinical pregnancy rate not only by 
increasing the endometrial thickness but also by improving the 
endometrial receptivity. The underlying mechanisms could be 
that HRT with GnRHa pretreatment protocol improves endo-
metrial receptivity via suppressing both the ovulation-induced 

LH surge and endogenous progesterone level. Furthermore, 
GnRHa acts directly on its local receptor in uterus. As previ-
ously reported, although the initiation of estradiol treatment 
at the early follicular phase in conventional HRT protocol 
could inhibit the ovulation,[33] there were still certain spon-
taneous follicular activity,[34] which might result in the LH 
surge and increase the endogenous progesterone level,[35] 
thus impacted the endometrial receptivity. There are previous 
reports indicating that LH receptors have been localized in the 
endometrium.[36,37] A recent study have reported that various 
regulatory alterations under surged LH were associated with 
the morphological and functional proliferation, as well as the 
differentiation of endometrial components, mainly via activa-
tion of the adenylate cyclase and phospholipase C pathways, 
accompany with increasing the local synthesis of steroid hor-
mones.[38] Our study identified the significant low levels of LH 
and progesterone on transformation day in HRT with GnRHa 
pretreatment group, which might result in the higher clinical 
pregnancy rate. In addition, relevant studies implied that the 
expression of the endometrial receptivity markers, such as 
LIF and integrin αvβ3, significantly increased in groups with 
the GnRHa pretreatment compared with the group without 
GnRHa.[21] This study further revealed that GnRHa improved 
the endometrial receptivity via elevation of IL-6 and IL-11 in 
the endometrium. Meanwhile, in vitro experiments of endo-
metrial stromal cells suggested that GnRHa regulated Il-6 and 
IL-11 through miR-124.

Although the transferred characteristics between study 
cohorts were similar, we noticed, in HRT with GnRHa pre-
treatment cohort, apart from the lower LH and endogenous 
progesterone level, there was a higher incidence of blastocyst 
transfer (48.8% vs 22.2%, P = .006). In the clinical practice of 
our clinical center, most of patients decided to have the blas-
tocyst transfer when they underwent HRT with GnRHa pre-
treatment protocol in terms of time and economic concerns. 
As known, blastocyst transfer as the optimized embryo could 
improve the pregnancy rate. In order to adjust this bias, the 
subgroup analysis limited in blastocyst transfer cycles (refer to 
Table 1, Supplemental Digital Content, http://links.lww.com/
MD/G951) showed the clinical pregnancy rate and implan-
tation rate were significantly higher in HRT with GnRHa 
pretreatment group than those in conventional HRT group. 
Interestingly, among the subgroup of the nonblastocyst trans-
fer cycles, 9 out of 22 cycles reached the clinical pregnancy 
in HRT with GnRHa pretreatment group, which was higher 
than 10 out of 42 cycles in conventional HRT group. But no 
statistical difference was reached potentially due to the small 
sample size.

As a retrospective study, the limitations of this study include 
its small sample capacity, unequal number of cases in 2 groups, 
and the inherent biases especially in blastocyst transfer. Hence, 
the logistic regression analysis and a subgroup analysis were 
performed to adjust this bias.

5. Conclusion
HRT with GnRHa pretreatment protocol, creating 2-time pitu-
itary suppression before HRT, could lower the risk of cancel-
ation of FET cycle via increasing the endometrial thickness, 
and improve the pregnancy related outcomes by optimizing 
the endometrial receptivity. The detailed underlying molecular 
mechanism could be very interesting to investigate in further 
researches.

Acknowledgments
We thank the reproductive medicine center of Changhai hospi-
tal for offering the medical recording system to our study data 
retrieval.

Table 4

Logistic regression analysis of factors associated with clinical 
pregnancy rate.

  Multivariate analysis

Variable AdjOR 95% confidence interval P 

HRT protocols Conventional 
vs GnRHa pretreatment

0.23 0.05–0.95 .043

Female age (yrs) 0.93 0.85–1.02 .125
Number of transferred 

embryos
1.42 0.45–4.44 .548

LH level on transformation 
day (U/L)

1.01 0.95–1.07 .749

Blastocyst transferred, yes 
vs no

0.92 0.31–2.70 .872

Endometrium thickness on 
embryo transfer day (mm)

1.11 0.78–1.56 .565

AdjOR = adjusted odds ratio; transformation day is the starting day of progesterone administration, 
LH = luteinizing hormone.

http://links.lww.com/MD/G951
http://links.lww.com/MD/G951


6

Liu et al. • Medicine (2022) 101:31 Medicine

Author contributions
MFS and YXL designed this study and analyzed the data. HLY, 
MZ and HRY retrieved the data from medical recording system. 
YXL and LM conceived and revised this article. All authors con-
tributed their input and agreed on article.

References
 [1] Ferraretti AP, Goossens V, Kupka M, et al. Assisted reproductive tech-

nology in Europe, 2009: results generated from European registers by 
ESHRE. Hum Reprod. 2013;28:2318–31.

 [2] Ashrafi M, Orava M, Nuojua-Huttunen S, et al. The factors affecting 
the outcome of frozen-thawed embryo transfer cycle. Hum Reprod. 
2011;50:159–64.

 [3] Momeni M, Rahbar MH, Kovanci E. A meta-analysis of the relation-
ship between endometrial thickness and outcome of in vitro fertiliza-
tion cycles. J Hum Reprod Sci 2011;4:130–7.

 [4] Kasius A, Smit JG, Torrance HL, et al. Endometrial thickness and preg-
nancy rates after IVF: a systematic review and meta-analysis. Human 
Reprod Update. 2014;20:530–41.

 [5] Zenke U, Chetkowski RJ. Transfer and uterine factors are the major 
recipient-related determinants of success with donor eggs. Fertil Steril. 
2004;82:850–6.

 [6] Senturk LM, Erel CT. Thin endometrium in assisted reproductive tech-
nology. Curr Opin Obstet Gynecol. 2008;20:221–8.

 [7] Samara NBY. Current strategies to manage a thin endometrium. J 
Women’s Health Gynecol. 2016;2:003e.

 [8] Al-Ghamdi A, Coskun S, Al-Hassan S, et al. The correlation between 
endometrial thickness and outcome of in vitro fertilization and embryo 
transfer (IVF-ET) outcome. Reprod Biol Endocrinol. 2008;6:37.

 [9] Aydin T, Kara M, Nurettin T. Relationship between endometrial thick-
ness and in vitro fertilization-intracytoplasmic sperm injection out-
come. Int J Fertil Steril. 2013;7:29–34.

 [10] Shapiro, H, Cowell C, et al. The use of vaginal ultrasound for monitor-
ing endometrial preparation in a donor oocyte program *. Fertil Steril. 
1993;59:1055–8.

 [11] Kupesic S, Bekavac I, Bjelos D, et al. Assessment of endometrial recep-
tivity by transvaginal color Doppler and three-dimensional power 
Doppler ultrasonography in patients undergoing in vitro fertilization 
procedures. J Ultrasound Med. 2001;20:125–34.

 [12] McWilliams GD, Frattarelli JL. Changes in measured endometrial thick-
ness predict in vitro fertilization success. Fertil Steril. 2007;88:74–81.

 [13] Basir GS, O W-S, So WWK, et al. Evaluation of cycle-to-cycle varia-
tion of endometrial responsiveness using transvaginal sonography in 
women undergoing assisted reproduction. Ultrasound Obstet Gynecol. 
2002;19:484–9.

 [14] Ke H, Jiang J, Xia M, et al. The effect of tamoxifen on thin endome-
trium in patients undergoing frozen-thawed embryo transfer. Reprod 
Sci. 8580;2017:193371911769.

 [15] Elizur SE, Son WY, Yap R, et al. Comparison of low-dose human meno-
pausal gonadotropin and micronized 17beta-estradiol supplementation 
in in vitro maturation cycles with thin endometrial lining. Fertil Steril. 
2009;92:907–12.

 [16] Scientists A. The Istanbul consensus workshop on embryo assessment: 
proceedings of an expert meeting. Human Reprod. 2011;26:1270–83.

 [17] Xu B, Zhang Q, Hao J, et al. Two protocols to treat thin endometrium 
with granulocyte colony-stimulating factor during frozen embryo 
transfer cycles. Reprod Biomed Online. 2015;30:349–58.

 [18] Song J, Duan C, Cai W, et al. Comparison of GnRH-a prolonged proto-
col and short GnRH-a long protocol in patients with thin endometrium 
for assisted reproduction: a retrospective cohort study. Drug Des Devel 
Ther. 2020;14:3673–82.

 [19] Richter KS, Bugge KR, Bromer JG, et al. Relationship between endo-
metrial thickness and embryo implantation, based on 1,294 cycles of in 
vitro fertilization with transfer of two blastocyst-stage embryos. Fertil 
Steril. 2007;87:53–9.

 [20] Prato LD, Borini A, Cattoli M, et al. Endometrial preparation for fro-
zen-thawed embryo transfer with or without pretreatment with gonad-
otropin-releasing hormone agonist. Fertil Steril. 2002;77:956–60.

 [21] Li L, Liu L, Kou Z, et al. GnRH agonist treatment regulates IL-6 and 
IL-11 expression in endometrial stromal cells for patients with HRT reg-
iment in frozen embryo transfer cycles. Reprod Biol. 2022;22:100608.

 [22] Dong M, Sun L, Huang L, et al. Gonadotropin-releasing hormone ago-
nist combined with hormone replacement therapy does not improve the 
reproductive outcomes of frozen-thawed embryo transfer cycle in elderly 
patients: a retrospective study. Reprod Biol Endocrinol. 2020;18:73.

 [23] Simon A, Hurwitz A, Zentner BS, et al. Transfer of frozen-thawed 
embryos in artificially prepared cycles with and without prior gonado-
trophin-releasing hormone agonist suppression: a prospective random-
ized study. Hum Reprod. 1998;13:2712–7.

 [24] Dal Prato L, Borini A, Cattoli M, et al. Endometrial preparation for fro-
zen-thawed embryo transfer with or without pretreatment with gonad-
otropin-releasing hormone agonist. Fertil Steril. 2002;77:956–60.

 [25] Xu J, Li SZ, Yin MN, et al. Endometrial preparation for frozen-thawed 
embryo transfer with or without pretreatment with GnRH ago-
nist: a randomized controlled trial at two centers. Front Endocrinol. 
2021;12:722253.

 [26] An J, Li L, Zhang X, et al. A clinical and basic study of optimal endo-
metrial preparation protocols for patients with infertility undergoing 
frozen-thawed embryo transfer. Exp Ther Med. 2020;20:2191–9.

 [27] Queenan JT Jr, Ramey JW, Seltman HJ, et al. Transfer of cryopre-
served-thawed pre-embryos in a cycle using exogenous steroids with-
out prior gonadotrophin-releasing hormone agonist suppression yields 
favourable pregnancy results. Hum Reprod. 1997;12:1176–80.

 [28] Surrey ES, Katz-Jaffe M, Kondapalli LV, et al. GnRH agonist admin-
istration prior to embryo transfer in freeze-all cycles of patients with 
endometriosis or aberrant endometrial integrin expression. Reprod 
Biomed Online. 2017;35:145–51.

 [29] Qi Q, Luo J, Wang Y, et al. Effects of artificial cycles with and with-
out gonadotropin-releasing hormone agonist pretreatment on frozen 
embryo transfer outcomes. J Int Med Res. 2020;48:030006052091847
300060520918474.

 [30] Zhang Y, Xia M, Song Y, et al. Long-term pituitary downregulation 
before frozen embryo transfer improves clinical outcomes in women 
positive for serum autoantibodies. Eur J Obstet Gynecol Reprod Biol. 
2021;265:102–6.

 [31] Yang X, Huang R, Wang YF, et al. Pituitary suppression before fro-
zen embryo transfer is beneficial for patients suffering from idiopathic 
repeated implantation failure. J Huazhong Univ Sci Technolog Med Sci. 
2016;36:127–31.

 [32] Wang Y, Hu WH, Wan Q, et al. Effect of artificial cycle with or without 
GnRH-a pretreatment on pregnancy and neonatal outcomes in women 
with PCOS after frozen embryo transfer: a propensity score matching 
study. Reprod Biol Endocrinol. 2022;20:56.

 [33] Lelaidier C, de Ziegler D, Gaetano J, et al. Controlled preparation of 
the endometrium with exogenous oestradiol and progesterone: a novel 
regimen not using a gonadotrophin-releasing hormone agonist. Human 
Reproduction. 1992;7:1353–6.

 [34] Elomaa K, Lähteenmäki, P. Ovulatory potential of preovulatory 
sized follicles during oral contraceptive treatment. Contraception. 
1999;60:275–9.

 [35] de Ziegler D, Cornel C, Bergeron C, et al. Controlled preparation of 
the endometrium with exogenous estradiol and progesterone in women 
having functioning ovaries. Fertil Steril. 1991;56:851–5.

 [36] Reshef E, Lei ZM, Rao CV, et al. The presence of gonadotropin recep-
tors in nonpregnant human uterus, human placenta, fetal membranes, 
and decidua. J Clin Endocrinol Metab. 1990;70:421–30.

 [37] Ziecik AJ, Derecka-Reszka K, Rzucidło SJ. Extragonadal gonadotro-
pin receptors, their distribution and function. Extragonadal gonado-
tropin receptors, their distribution and function. J Physiol Pharmacol. 
1992;43(4 Suppl 1):33–49.

 [38] El-Toukhy T, Taylor A, Khalaf Y, et al. Pituitary suppression in ultra-
sound-monitored frozen embryo replacement cycles. A randomised 
study. Human Reprod. 2004;19:874–9.


