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Aim: To compare the pregnancy outcomes of frozen-thawed embryo transfer (FET) cycles among women with repeated implantation 
failure (RIF) treated with various endometrial preparation protocols.
Methods: A total of 605 women with RIF were retrospectively recruited between January 2017 and December 2020 from Northern 
Theater General Hospital. Patients were divided into natural cycles, hormone replacement therapy (HRT) cycles, depot gonadotropin- 
releasing hormone (GnRH) agonist-HRT, and endometrial scratching (ES) plus depot GnRH agonist-HRT. The primary endpoint was 
clinical pregnancy rate, while secondary endpoints included live birth rate and pain assessment.
Results: Of the 605 recruited patients, 63 were undergoing natural cycles, 281 were treated with HRT cycles, 141 treated with depot 
GnRH agonist-HRT, and 120 treated with ES combined with depot GnRH agonist-HRT. There were significant differences among 
protocols on clinical pregnancy rate (P=0.029), while no significant difference was observed among protocols on live birth rates 
(P=0.108). Multivariate analyses suggested that HRT (odds ratio [OR]: 0.50; 95% confidence interval [CI]: 0.28–0.89; P=0.019) and 
depot GnRH agonist-HRT (OR: 0.49; 95% CI: 0.27–0.91; P=0.021) cycles were associated with a lower clinical pregnancy rate as 
compared with natural cycles, while no significant difference between ES combined with depot GnRH agonist-HRT and natural cycles 
for clinical pregnancy rates (OR: 0.72; 95% CI: 0.38–1.36; P=0.313). Moreover, the HRT (OR: 0.70; 95% CI: 0.39–1.28; P=0.239), 
depot GnRH agonist-HRT (OR: 0.67; 95% CI: 0.35–1.29; P=0.229), and ES combined with depot GnRH agonist-HRT (OR: 1.11; 95% 
CI: 0.58–2.14; P=0.754) cycles had no significant effects on live birth rate as compared with natural cycles. A total of 87.50% patients 
treated with ES combined with depot GnRH agonist-HRT reported pain during the procedure.
Conclusion: ES and depot GnRH agonists could be considered for RIF women with high-quality blastocysts, 14 days after verified 
transplantation failure.
Keywords: endometrial scratching, depot GnRH agonist, repeated implantation failure, blastocysts, clinical pregnancy rate, live birth 
rate

Introduction
Infertility has become a major disease in young couples and is the third most common health issue.1 Currently, nearly 
10% of people face difficulties in conceiving naturally and are in need of fertility therapies, such as assisted reproductive 
technology (ART), especially in developed countries.2 Moreover, the number of ART cycles has increased by 20% since 
2011, and this increase is mainly centered on frozen-thawed embryo transfer (FET), oocyte donation, preimplantation 
genetic testing, and single embryo transfer (SET).3 Despite technical advances in in vitro fertilization (IVF) and the 
increasing application of FET, the incidence of recurrent implantation failure (RIF) in women undergoing IVF embryo 
transfer (ET) remains high, ranging from 10–15%.4,5
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Currently, RIF poses a greater clinical challenge for women undergoing ART, and no international consensus for the 
diagnostic criteria for RIF or standard treatments has been established.6,7 Nearly 23–45% of ART specialists recom-
mended that RIF be defined as having more than two transplantation failures.5 The etiology of RIF involves underlying 
diseases, uterine abnormalities, and embryonic factors.8 Despite controlling for these factors, RIF still occurs.9 Therefore, 
additional effective treatment protocols should be applied to improve pregnancy outcomes in women undergoing RIF.

Synchronization of blastocyst development with receptivity of the endometrium is important for FET because 
endometrium is the destination of embryo implantation.10 Therefore, an appropriate endometrial preparation protocol 
can promote implantation; however, the optimal protocol remains controversial. Currently, natural cycles, ovarian 
stimulation cycles, and hormone replacement therapy (HRT) cycles are widely used for the preparation of the endome-
trium before FET. Moreover, studies have indicated that endometrial scratching (ES) in the cycle preceding IVF could 
improve endometrial receptivity.11–14 The potential mechanism underlying the procedure could involve improving 
impaired endometrial receptivity through the partial normalization of estrogen and progesterone receptor expression, 
as well as pinopode proliferation.15 Decidualization of the endometrium could be initiated by ES, thus increasing the 
probability of implantation of a replaced embryo.16 Furthermore, inflammatory and immune processes could be 
influenced by ES, leading to the promotion of embryo implantation.17–20 In addition, studies have demonstrated that 
the use of gonadotropin-releasing hormone (GnRH) prior to FET could regulate the expression of the enzymes and 
cytokines, which play a directly impact on endometrial receptivity markers.21,22 However, whether ES combined with 
depot GnRH agonists provides better pregnancy outcomes than depot GnRH agonists for women with RIF undergoing 
HRT remains unclear. This study aimed to compare natural cycles and three HRT protocols prior to FET for pregnancy 
outcomes in women with RIF.

Materials and Methods
Study Design and Patient Recruitment
This study was designed as a retrospective cohort, recruiting patients who presented at the Department of Reproductive 
Medicine, Northern Theater General Hospital, between January 2017 and December 2020. The Ethics Committee of 
Northern Theater General Hospital approved this study (registration number: 202H2019PJ003). The study was performed 
following the Declaration of Helsinki. The requirement for informed consent was waived owing to the retrospective 
design of the study and the data did not contain any identifying information. Patients were included if they met the 
following criteria: (1) had ≥3 fresh or frozen cycles, which did not reach clinical pregnancy after transplantation of ≥4 
high-quality embryos. Implantation failures were not caused by chromosomal, anatomical, endocrine, or other etiological 
factors; (2) needed performed FET, and >1 high-quality embryo was transferred; (3) aged <40.0 years; (4) with infertility 
≤10 years; and (5) not caused by chromosomal abnormalities.23 The exclusion criteria were as follows: (1) women with 
known endometriosis, endometriomas, adenomyosis, uterine malformations, endometrial abnormalities, severe male- 
factor infertility, uterine polyps, fibroids, or hydrosalpinx; (2) chromosomal abnormalities in one or both of the couples; 
(3) a history of diabetes, thyroid disease, mental disease, or autoimmune disease; and (4) reduced ovarian reserves (anti- 
Mullerian hormone [AMH] ≤1.1 μg/L), including premature ovarian failure and insufficiency. After screening the 
potentially included patients, a total of 605 women with RIF treated with HRT, depot GnRH agonist-HRT, or ES 
combined with GnRH agonist-HRT prior to FET were identified (Figure 1).

Endometrial Preparation Protocols
According to the endometrial preparation protocols, patients were divided into natural cycles, HRT cycles, depot GnRH 
agonist (HRT), and ES combined with depot GnRH agonist (HRT). The endometrium was prepared with estrogen and 
progesterone for all FET cycles.

In the HRT cycle group, estrogen and progesterone were sequentially administered prior to FET to prepare the 
endometrium. Daily oral estrogen (4 mg) was started on the fifth day of the menstrual period. After 1 week, transvaginal 
ultrasonography was performed to detect endometrial thickness, serum estradiol (E2), luteinizing hormone (LH), and 
progesterone (P) levels. Subsequently, the estrogen dose was adjusted according to endometrial thickness and hormone 
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levels. An intrauterine infusion of 4.5iu GH (Human Growth Hormone for Injection, Anhui Anke) was administered 
on day 8 of estrogen treatment.24,25 Before 3–5 days of the FET, the progesterone (40 mg/day) was intramuscular 
injected, and the dose of progesterone was reduced after 42 days of FET, until stopped at 56 days of FET. 
Simultaneously, 4 mg of estrogen were added every day.

In the depot GnRH agonist-HRT group, GnRH downregulation was observed by subcutaneous injection of 3.75 mg of 
leuprolide acetate (Beijing Boen) on day 3 or 5 of the menstrual cycle. After 28–32 days, the patients returned to the 
hospital for re-examination, ultrasonography to detect endometrial thickness, and serum E2, LH, and P level measure-
ments. The patients then underwent HRT with sequential administration of estrogen and progesterone prior to FET to 
prepare the endometrium, and the regimen was consistent with that of the HRT cycle group (intrauterine infusion of 4.5iu 
GH was administered on day 8 of estrogen treatment).

In the ES combined with depot GnRH agonist-HRT group, ES was performed for non-pregnant women, 14 days after 
transplantation failure by the same operators. The cervix was dilated to size 5 with a cervical dilator and a size 4 curette 
was used to superficially scratch all surfaces of the endometrium. Subsequently, a subcutaneous injection of 3.75 mg 
leuprolide acetate (Beijing Boen) was administered for pituitary downregulation. After 28–32 days, women were re- 
admitted to the hospital for re-examination, ultrasonography to detect endometrial thickness, and serum measurements of 
E2, LH, and P levels. HRT was administered approximately 4 weeks after the GnRH agonist dose,26 and patients 
underwent HRT with sequential administration of estrogen and progesterone prior to FET to prepare the endometrium. 
Luteal support was provided at 10 weeks of gestation after pregnancy.

Embryo Quality Assessment
All the transferred embryos were cryopreserved by vitrification and transferred after thawing. Embryo morphology was 
assessed on days 3, 5, and 6. Cleavage-stage embryos with at least seven blastomeres and <20% fragmentation were 
considered to be high-quality embryos. Blastocysts were scored according to the Gardner and Schoolcraft grading system 
and recorded as high quality if they reached at least expansion stage 3 with an A or B (3BB) inner cell mass and 
trophectoderm.27–29 The laboratory procedures and conditions remained constant with fixed operators. All FET patients 
underwent endometrial receptivity testing on the morning of embryo transfer. Endometrial thickness,30 endometrial 
morphology,31 and endometrial blood flow32 were measured by professional sonographers in our center using the same 
ultrasound machine (Voluson E8; GE Healthcare, Chicago, IL, USA).

Figure 1 Patients recruited according to inclusion and exclusion criteria.
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Data Collection
The general demographics and characteristics of all patients were collected from the electronic medical record system, 
including maternal age, years of infertility, basal follicle-stimulating hormone (FSH), basal AMH, basal E2, body mass 
index ([BMI], calculated as weight (kg) divided by height (meters) squared), basal number of antral follicles, number of 
previous embryo transfers, type of infertility, endometrial thickness, endometrial type (A: the endometrium is in the early 
proliferative phase, with a thickness of generally 4–6 mm, and the echogenicity appears as low echogenicity; B: the 
endometrium is in the late proliferative phase, showing homogeneous moderate echogenicity. However, the midline of 
the uterine cavity echoes intermittently unclear, and the thickness is generally around 9–12 mm), amount of sub- 
endometrial blood, endometrial blood flow type (I: blood vessels pass through the low echogenic zone on the outer 
side of the endometrium, but they have not reached the high echogenic outer edge of the endometrium; II: blood vessels 
pass through the high echogenic outer edge of the endometrium but have not entered the low echogenic zone of the 
endometrium; III: the blood vessels have entered the low echogenic zone of the endometrium), days of embryo transfer, 
embryo transfer type, and number of transferred embryos.

Outcome Measurements
The primary endpoint was clinical pregnancy, defined as a gestational sac visible on transvaginal ultrasound.33 The 
secondary endpoints were live birth, pain assessment, and complications.34

Statistical Analysis
Patient characteristics were assigned as continuous and categorical data. Continuous data are described as mean (standard 
deviation) and median (interquartile range) according to data distribution, while categorical data are shown as frequency 
and proportion. The differences among the three groups were assessed using one-way analysis of variance and the 
Kruskal–Wallis test for continuous data, and categorical data were compared using chi-square tests. Multivariate logistic 
regression analyses were performed to compare the effects of endometrial preparation protocols on the incidence of 
clinical pregnancy and live birth rates. Odds ratios (OR) with 95% confidence intervals (CI) were calculated as effect 
estimates. Moreover, the pain assessment in women treated with ES combined with a depot GnRH agonist-HRT was 
recorded. All reported P values were two-sided, and the significance level was 0.05. Statistical analyses were performed 
using SPSS Statistics for Windows version 19.0 (IBM Corp., Armonk, NY, USA).

Results
Patient Characteristics
The demographic and clinical characteristics of the patients in the four groups are shown in Table 1. Of the 605 recruited 
patients, 63 were natural cycles, 281 were treated with HRT cycles, 141 with depot GnRH agonist-HRT, and 120 with ES 
combined with depot GnRH agonist-HRT. There were no significant differences among the four protocols for maternal 
age (P=0.382), years of infertility (P=0.682), basal FSH level (P=0.374), basal AMH level (P=0.066), BMI (P=0.052), 
type of infertility (P=0.559), endometrial thickness (P=0.117), endometrial type (P=0.285), amount of sub-endometrial 
blood (P=0.311), days of embryo transfer (P=0.540), and number of transferred embryos (P=0.403). However, we noted 
significant differences among the four protocols for basal E2 (P<0.001), basal number of antral follicles (P=0.013), 
number of previous embryo transfers (P<0.001), and endometrial blood flow type (P=0.023).

Clinical Pregnancy Rate
The clinical pregnancy rates in natural, HRT, depot GnRH agonist-HRT, and ES plus depot GnRH agonist-HRT cycles 
were 60.32, 41.99, 43.26, and 51.67%, respectively, and the differences of clinical pregnancy rate among four protocols 
were statistically significant (P=0.029; Table 1). After adjusted potential confounder factors, we noted HRT (OR: 0.50; 
95% CI: 0.28–0.89; P=0.019) and depot GnRH agonist-HRT (OR: 0.49; 95% CI: 0.27–0.91; P=0.021) cycles were 
associated with a lower clinical pregnancy rate as compared with natural cycles, while no significant difference was 
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Table 1 The Demographic and Clinical Characteristics of Recruited Patients

Variable Overall (n=605) Group P value

Natural Cycles  
(n=63)

HRT Cycles  
(n=281)

Depot GnRH  
Agonist-HRT (n=141)

ES+Depot GnRH  
Agonist-HRT (n=120)

Maternal age (years)^ 32.00(30.00,35.00) 33.00(30.50,35.00) 32.00(30.00,35.00) 32.00(30.00,35.00) 32.00(30.00,36.00) 0.382

Years of infertility (years)^ 3.00(2.00,5.00) 3.00(2.00,5.00) 3.00(2.00,5.00) 3.00(2.00,5.00) 3.00(2.00,5.00) 0.682

Basal FSH^ 5.77(4.91,6.71) 6.11(5.04,6.92) 5.72(4.95,6.71) 5.75(4.59,6.51) 5.89(5.01,6.86) 0.374
Basal E2^ 35.00(26.64,46.20) 40.81(34.42,51.76) 33.09(25.39,44.43) 34.90(26.70,47.97) 35.02(27.07,45.49) <0.001

Basal AMH^ 3.33(2.25,5.17) 2.75(2.01,4.12) 3.30(2.31,4.97) 3.67(2.36,6.36) 3.47(2.22,5.20) 0.066

BMI (kg/m2)^ 22.90(20.60,25.70) 21.30(20.00,24.50) 23.20(20.80,25.70) 23.50(20.70,26.30) 22.75(20.28,24.80) 0.052
Basal no. of antral follicles^ 15.00(11.00,20.00) 12.00(10.00,16.00) 14.00(10.00,20.00) 16.00(11.00,21.00) 16.00(11.00,21.25) 0.013

No. of previous transplants^ 3.00(3.00,4.00) 3.00(2.00,3.00) 3.00(3.00,4.00) 3.00(3.00,4.00) 3.00(3.00,4.00) <0.001

Type of infertility (%) 0.559
Primary 316(52.23) 28(44.44) 146(51.96) 76(53.90) 66(55.00)

Secondary 289(47.77) 35(55.56) 135(48.04) 65(46.10) 54(45.00)

Endometrial thickness (mm)^ 1.00(0.86,1.15) 1.00(0.90,1.20) 1.00(0.87,1.10) 1.00(0.90,1.20) 0.94(0.84,1.11) 0.117
Endometrial type (%) 0.285

A 161(26.61) 14(22.22) 85(30.25) 32(22.70) 30(25.00)

B 444(73.39) 49(77.78) 196(69.75) 109(77.30) 90(75.00)
Amount of sub-endometrial blood^ 8.00(7.00,9.00) 8.00(7.50,9.00) 8.00(7.00,9.00) 8.00(7.00,9.00) 8.00(7.00,9.00) 0.311

Endometrial blood flow type (%) 0.023

I 63(10.41) 2(3.17) 31(11.03) 13(9.22) 17(14.17)
II 521(86.12) 55(87.30) 244(86.83) 121(85.82) 101(84.17)

III 21(3.47) 6(9.52) 6(2.14) 7(4.96) 2(1.67)
Days of embryo transfer^ 5.00(3.00,5.00) 5.00(3.00,5.00) 5.00(3.00,5.00) 5.00(3.00,5.00) 5.00(3.00,5.00) 0.540

No. of transferred embryos^ 2.00(1.00,2.00) 2.00(1.00,2.00) 2.00(1.00,2.00) 2.00(1.00,2.00) 2.00(1.00,2.00) 0.403

Clinical pregnancy rate 0.029
No 326(53.88) 25(39.68) 163(58.01) 80(56.74) 58(48.33)

Yes 279(46.12) 38(60.32) 118(41.99) 61(43.26) 62(51.67)

Live birth 0.108
No 416(68.76) 39(61.90) 203(72.24) 100(70.92) 74(61.67)

Yes 189(31.24) 24(38.10) 78(27.76) 41(29.08) 46(38.33)

Note: ^Data presented as median and interquartile range. 
Abbreviations: AMH, anti-Mullerian hormone; BMI, body mass index; E2, serum estradiol; ES, endometrial scratching; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; HRT, hormone replacement therapy.
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observed between ES combined with depot GnRH agonist-HRT and natural cycles for clinical pregnancy rates (OR: 0.72; 
95% CI: 0.38–1.36; P=0.313) (Table 2).

Live Birth Rate
The live birth rates in natural, HRT, depot GnRH agonist-HRT, and ES plus depot GnRH agonist-HRT cycles were 38.10, 
27.76, 29.08, and 38.33%, respectively, and the differences among four protocols were not statistically significant 
(P=0.108; Table 1). The results of multivariate regression analyses suggested that HRT (OR: 0.70; 95% CI: 0.39– 
1.28; P=0.239), depot GnRH agonist-HRT (OR: 0.67; 95% CI: 0.35–1.29; P=0.229), and ES combined with depot GnRH 
agonist-HRT (OR: 1.11; 95% CI: 0.58–2.14; P=0.754) cycles showed no statistically significant differences in live birth 
rate as compared with natural cycles (Table 2).

Pain Assessment in ES Combined with Depot GnRH Agonist-HRT Group
Table 3 shown the details of pain and complications in women in the ES combined with depot GnRH agonist-HRT group. 
All patients underwent routine follow-up after ES, and 105 (87.5%) reported feeling pain during surgery, of which 65 
(61.9%) reported pain similar to dysmenorrhea, 15 (14.29%) felt sharp pain, 14 (13.33%) contraction-like pain, and 11 
(10.48%) felt mild pain. Most of the patients considered this pain to be tolerable which resolved quickly after the 
operation. Only nine patients still felt pain 24 hours after the operation. Three patients had post-ES bleeding three days 
after the surgery, and two had abnormal leucorrhea postoperatively.

Table 2 Multivariate Analyses for Pregnancy Outcomes Among Endometrial Preparation Protocols

Outcome Group OR* 95% CI P value

Lower Upper

Clinical pregnancy rate Natural cycles 1.00
HRT cycles 0.50 0.28 0.89 0.019

Depot GnRH agonist-HRT 0.49 0.27 0.91 0.021

ES+depot GnRH agonist-HRT 0.72 0.38 1.36 0.313
Live birth rate Natural cycles 1.00

HRT cycles 0.70 0.39 1.28 0.239

Depot GnRH agonist-HRT 0.67 0.35 1.29 0.229
ES+depot GnRH agonist-HRT 1.11 0.58 2.14 0.754

Note: *Adjusted factors included maternal age, years of infertility, basal FSH, basal AMH, basal E2, BMI, basal number of antral follicles, 
number of previous transplants, type of infertility, endometrial thickness, endometrial type, amount of sub-endometrial blood, endometrial 
blood flow type, days of embryo transfer, embryo transfer type, and number of transferred embryos. 
Abbreviations: CI, confidence interval; ES, endometrial scratching; GnRH, gonadotropin-releasing hormone; HRT, hormone replacement 
therapy; OR, odds ratio.

Table 3 Pain Assessment and Complications for Patients Treated with 
Endometrial Scratching Plus Depot Gonadotropin-Releasing Hormone 
Agonist-HRT

Variable Total (n=120)

Pain during procedure 105 (87.50%)
If yes, type of pain

Sharp pain 15 (14.29%)

Type of contraction 14 (13.33%)
Mild pain 11 (10.48%)

As with period (dysmenorrhea) 65 (61.90%)

If pain during procedure, pain after scratch 24 h 9 (7.5%)
Bleeding after scratch 3 days 3 (2.5%)

Abnormal vaginal discharge 2 (1.67%)
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Discussion
Numerous studies recommend using ES to improve embryo implantation in patients with RIF,35–40 but whether ES 
combined with existing endometrial preparation protocols could improve pregnancy outcomes in women with RIF 
remains controversial. The current study recruited 605 women with RIF, and the demographic and clinical characteristics 
of the patients in the four groups were relatively well balanced. After adjusted for potential confounders, we noted that 
HRT and depot GnRH agonist-HRT cycles were associated with lower clinical pregnancy rate as compared with natural 
cycles, while the difference between ES plus depot GnRH agonist-HRT and natural cycles was not statistically 
significant. Moreover, there was no significant difference among four protocols for live birth rates. Moreover, most of 
the pain that occurred during ES was tolerable and quickly relieved.

Several studies have addressed the effects of ES on improving pregnancy outcomes. A prospective Israeli study found 
that ES through a biopsy catheter on days 8, 12, 21, and 26 in spontaneous menstrual cycles before IVF-ET treatment 
could increase women’s chances of conceiving in subsequent treatment cycles. Moreover, they pointed out that ES could 
improve the rates of implantation (27.7 vs 14.2%), clinical pregnancy (66.7 vs 30.3%), and live birth (48.9 vs 23.6%).41 

A meta-analysis performed by Vitagliano et al, including 10 trials, found that ES can improve pregnancy outcomes in 
IVF patients with at least two previous embryo transfer failures.42 However, whether ES can improve pregnancy 
outcomes in patients with RIF remains unclear due to limitations in sample size and study quality. The potential 
beneficial effect of performing ES in patients with RIF may positively affect endometrial receptivity by normalizing 
marker expression in most but not all endometrial cells, thereby increasing ongoing pregnancy rates.15 However, some 
scholars have pointed out that endometrial mechanical stimulation does not improve the clinical pregnancy rate in 
patients with RIF and found that ES did not improve implantation and pregnancy rates.43 One potential reason for this 
could be that the endometrium had not sufficiently recovered because the interval between ES and embryo implantation 
was short. In this study, we noted that in the ES plus depot GnRH agonist-HRT group, there was no significant difference 
between clinical pregnancy rate and live birth rate, which could explained by the following: ES 14 days after verified 
transplantation failure and women with high-quality embryos who failed a third transfer were selected. Moreover, the use 
of ES required straightforward communication with the patients and notification of their condition, which reflects real 
world comparisons of endometrial preparation protocols on pregnancy outcomes in women with RIF.

The use of FET could improve the reproductive outcomes in women with RIF,44 but whether undergoing a natural 
cycle, using an HRT cycle, or a depot GnRH agonist combined with an HRT cycle is more effective in FET, especially in 
patients with RIF, remains unclear. Studies have shown that GnRH agonists may restore the secretion of endometrial 
implantation-related factors such as homeobox A10 and leukemia inhibitory factor, which could then regulate endome-
trial development and allow embryo implantation and decidual growth.21,45,46 In our study, we noted GnRH agonist-HRT 
cycles was associated with lower clinical pregnancy rate as compared with natural cycles, while the difference between 
ES plus depot GnRH agonist-HRT and natural cycles for clinical pregnancy rate was statistically significant. Moreover, 
we did not find significant differences among the four protocols in live birth rates in women with RIF. However, 
considering the marginal 95% CI, the conclusion was not robust and needs further verification. Finally, although the live 
birth rate in the ES combined with depot GnRH agonist-HRT group was higher than that in the GnRH agonist-HRT and 
HRT groups in women who received a thawing blastocyst embryo transfer cycle, the analyses was based on a smaller 
number of included patients and crude data; thus, this result might have been overestimated.

Pain during surgery was reported in most patients who received ES combined with a depot GnRH agonist-HRT 
group. On follow-up, none of the patients regretted the procedure. ES does not require clamping of the cervix because the 
catheter used is thin with a short procedure time. The resulting cervical stimulation is negligible when entering and 
exiting the uterine cavity. The operator can better and uniformly use a catheter to stimulate and remove the endometrium 
from all sides of the uterine cavity and promote the proliferation and differentiation of epithelial and stromal cells, 
resulting in increased endometrial blood flow. Consequently, most pain symptoms or complications are tolerable and 
resolve quickly, although the effect of ES on pregnancy outcomes requires further large-scale prospective studies.

Several limitations of this study should be acknowledged. First, this study was designed as a retrospective cohort, and 
selection or recall biases could confound the conclusions. Second, background therapies for RIF were not addressed, 
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which might have affected pregnancy outcomes in women with RIF. Third, the infertility cause were not available in 
most patients, which might have played an important role on pregnancy outcomes. Fourth, data on adverse pregnancy 
outcomes, such as biochemical pregnancies and miscarriages were not available in most patients, which needed further 
explorations. Finally, the analysis was based on a small number of included patients, and further stratified analyses 
should be performed based on variables that could affect pregnancy outcomes, such as the amount of sub-endometrial 
blood and days of embryo transfer.

Conclusions
This study found that endometrial preparation using natural cycles was associated with a higher clinical pregnancy rate 
compared to HRT cycles and depot GnRH agonist-HRT cycles. Moreover, patients with unexplained RIF, who still have 
high-quality blastocysts, may consider undergoing ES and depot GnRH agonist injection, 14 days after verified 
transplantation failures, which may be associated with elevated live birth rates. Given the limitations of this study, the 
use of ES combined with the depot GnRH agonist-HRT for women with RIF require further large-scale prospective 
studies.
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