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Background: Endometrial thickness measurement (EMT) is not a reliable predictor of clinical pregnancy in Asherman syndrome 
(AS) patients. The aim of this study is to investigate the impact of endometrial patterns on reproductive outcomes in patients with AS 
for both fresh and frozen embryo transfers. Additionally, it is essential to determine the preferred endometrial preparation protocol for 
women in this population who are planning frozen embryo transfer (FET).
Methods: Seventy-six patients diagnosed with Asherman syndrome underwent hysteroscopic adhesiolysis followed by in vitro 
fertilization-embryo transfer (IVF-ET) at Union Hospital of Huazhong University of Science and Technology between 
February 2019 and July 2021. This study reviewed the endometrial patterns of 134 embryo transfers and the endometrial preparation 
protocols of 127 frozen embryo transfer (FET) cycles within this cohort of patients.
Results: The triple-line endometrial pattern before embryo transfer (ET) was found to be a significant predictor of a positive clinical 
pregnancy outcome (odds ratio 0.315, P = 0.007) and a successful live birth (odds ratio 0.306, P = 0.009). Moreover, the gonadotropin- 
releasing hormone agonist (GnRHa) downregulation in conjunction with hormone replacement therapy (HRT) protocol showed 
improvements in both the clinical pregnancy rate (odds ratio 0.218, P = 0.005) and live birth rate (odds ratio 0.362, P = 0.049) 
compared to the HRT protocol in FET cycles.
Conclusion: A triple-line endometrial pattern before embryo transfer is associated with successful clinical pregnancy and live birth in 
AS patients undergoing IVF. Additionally, the GnRHa+HRT protocol may increase the clinical pregnancy and live birth rates in AS 
women undergoing FET cycles.
Keywords: asherman syndrome, FET, IVF, endometrial pattern, endometrial preparation protocol

Introduction
Asherman syndrome results in endometrial fibrosis, where the functional layer is replaced by an unresponsive epithelial 
monolayer and fibrotic synechiae, leading to indistinguishability between the functional and basal layers.1 Transvaginal 
ultrasound is routinely used in assisted reproduction technology (ART) to evaluate endometrial receptivity. Some studies 
have indicated positive associations between endometrial thickness, pattern or both and the reproductive outcomes in IVF 
cycles;2,3 however, others have found no relationship.4–6 Nevertheless, few studies have focused on the impact of 
endometrial thickness and pattern on predicting IVF clinical outcomes in AS patients. In 2020, Movilla et al found that 
the endometrial thickness measurements were not correlated with the clinical pregnancy rate in AS patients.7 Therefore, 
should endometrial pattern serve as a predictor of clinical pregnancy rate or live birth rate in AS patients?

The hormone replacement therapy (HRT) protocol is the most commonly used method for endometrial preparation in 
FET cycles due to its flexibility and convenience.8 The ovarian stimulation (OS) protocol is used to mimic the natural 
process of follicular development and facilitate endogenous estradiol through ovulation induction. The utilization of 
gonadotropin-releasing hormone agonist (GnRHa) downregulation in conjunction with HRT, known as GnRHa+HRT, 
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effectively inhibits unintended ovulation throughout the HRT cycle. The administration of GnRH agonist results in the 
downregulation of the pituitary gland, thereby suppressing the secretion of endogenous estrogen, inhibiting endometrial 
growth, and impeding follicle development.9 Recent retrospective studies suggest that a decrease in estrogen levels could 
extend the “window of implantation”.10 Additionally, a reduction in LH surge may enhance endometrial receptivity, 
while an increase in cytokine levels could facilitate embryo adhesion.11,12 Previous researches compared different 
protocols for endometrial preparation, yielding inconsistent results.13–16 However, few studies have compared different 
endometrial preparation protocols for AS patients undergoing FET.

Our primary object was to investigate the potential association between the endometrial pattern of AS patients 
undergoing IVF and their clinical outcomes, including clinical pregnancy rate and live birth rate. Additionally, we aimed 
to evaluate the impact of different endometrial preparation protocols on the clinical pregnancy rate and live birth rate of 
AS women undergoing FET.

Materials and Methods
Data Collection
Electronic records for female patients who underwent hysteroscopic adhesiolysis at the Union Hospital of Huazhong 
University of Science and Technology from February 2019 to July 2021 were reviewed. All patients in the study 
underwent transcervical resection of adhesions (TCRA), leading to the complete restoration of the normal anatomy of the 
uterine cavity. In this study, all patients who subsequently attempted conception via IVF-ET in our reproductive center. 
This retrospective cohort study was approved by the Medical Ethics Committee of the Union Hospital, Tongji Medical 
College, Huazhong University of Science and Technology. Written informed consent was obtained from all patients. This 
study complied with the Declaration of Helsinki. The methods were conducted in accordance with the applicable 
guidelines and regulations. Medical records including age, history of miscarriage, pre-hysteroscopy menstrual pattern, 
disease course, anti-Müllerian hormone (AMH), body mass index (BMI), preoperative endometrial thickness during the 
late proliferation phase, maximum endometrial thickness, endometrial pattern in the cycle prior to ET, intrauterine 
adhesions (IUA) appearance, IUA area, the count of visible uterine cornua or tubal ostia, European Society of 
Gynecological Endoscopy (ESGE) classification, the number of TCRA, endometrial preparation protocols of FET cycles, 
embryo type (fresh vs frozen), embryo age at the time of ET (D3 embryo or D5 blastocyst), total number of embryos 
transferred, number of high-quality embryos transferred, and reproductive outcomes following ART were extracted from 
the medical record system. High-quality embryos were defined as embryos that reached 7 to 9-cell stage with 
cytoplasmic fragmentation occupying less than 15% of the embryo surface and had equal size blastomeres. Gardner 
and Schoolcraft scoring system17 was adopted to assess the quality of blastocyst. The quality of blastocysts was classified 
as high (AA, AB, BA, and BB), fair (AC, CA, BC, and CB), or poor (CC). Clinical pregnancy rates were calculated by 
dividing the number of clinical pregnancies by the total number of embryo transfer cycles. Similarly, live birth rates were 
determined by dividing the number of live births by the total number of embryo transfer cycles.

Patient Selection
The inclusion criteria of AS patients were as follows: (1) IUA was confirmed by hysteroscopy; (2) patients attempting 
conception through IVF-ET in our hospital; (3) all patients underwent TCRA by the same experienced surgeon; (4) 
women aged 20–45 years and (5) the surgery was performed between February 2019 and July 2021 in our hospital. The 
exclusion criteria were as follows: (1) AS due to tuberculosis; (2) other intrauterine diseases (ie, polyps, submucosal 
myomas); (3) patients with severe systemic disease or contraindications for estrogen therapy or surgery; (4) patients 
attempted conception spontaneously.

Treatment of Asherman Syndrome
Patients referred to our hospital for management of AS undergo both a transvaginal 3-dimensional ultrasound and 
a diagnostic/therapeutic hysteroscopy. All patients were completely lysed utilizing hysteroscopic scissors alone until 
normal uterine cavity anatomy is restored. All patients received IUA severity score according to the European Society of 
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Gynecological Endoscopy classification (ESGE, 1995).18 Adhesiolysis was performed under direct observation and 
monitored by ultrasonography if necessary. Auto-cross-linked hyaluronic acid (Bioregencorp., China) was introduced 
into the uterine cavity at the end of TCRA. After that, a heart-shaped COOK intrauterine balloon stent (J-BUS-253000, 
COOK Medical Corp., US) was inserted into and kept inside the uterine cavity after TCRA. All patients were treated 
with 3mg/12h estrogen (Progynova, Bayer) orally for 17 days. The patients were then treated with 2mg/12h estrogen 
orally from the 1st to the 28th day of withdrawal bleeding with 10mg/day dydrogesterone added during the latter half of 
one cycle. A second look hysteroscopy was performed 1 to 2 months after hysteroscopic adhesiolysis. If any newly 
forming adhesions were existed, TCRA and the procedure above would be performed again.

IVF/ICSI Protocol
All patients receiving IVF/ICSI at the reproductive center of our hospital in this study, regardless of the superovulation 
protocol used. Our center generally transfers cleavage-stage embryos on the third day and blastocyst embryos on the 
fifth day after insemination. The remaining embryos can be frozen after embryo transfer in fresh cycles. Embryos can 
also be frozen in canceled cycles for reasons such as high OHSS risk, endometrial problems or special controlled ovarian 
hyperstimulation protocol (mild controlled ovarian stimulation cycle, progestin-primed ovulation stimulation, etc.).

Endometrial Preparation
HRT protocol: From the 3rd day of menstruation, patients were given 2mg/12h of estrogen (Progynova, Bayer) orally for 
5 days, and then increased to 3–4mg/12h orally for 7–10 days, followed by ultrasound monitoring. Progesterone was 
used to assist secretory transformation of the endometrium. When the serum estradiol level exceeded 200 pg/mL and the 
serum progesterone level was below 2 ng/mL, Crinone vaginal gel (Merck Serono, Denmark) was administered at a dose 
of 90mg/d (D0) to patients until the day of plasma β-hCG determination (D14). The endometrial thickness and 
endometrial pattern were assessed on D0.

GnRHa+HRT protocol: 3.75mg triptorelin acetate injection (Decapeptyl, Ferring, Switzerland) was administered during 
the early follicular phase of the previous menstrual cycle (day one or two), and the HRT protocol was started 28 days later.

OS protocol: Patients were given 2.5mg letrozole daily on cycle days 3–7 with a sequential therapy of 75 IU/d HMG 
(Lizhu Pharmaceutical Factory, Zhuhai, China) on cycle days 8–10. Then, the first vaginal ultrasound was performed. 
The size of follicles was recorded. Once at least one dominant follicle reached ≥18mm, then 10,000 IU human chorionic 
gonadotropin (HCG) was injected intramuscularly to trigger ovulation. On the next day (D0), crinone vaginal gel (Merck 
Serono, Denmark) was administered at a dose of 90mg/d to patients until the day of plasma β-hCG determination (D14). 
The endometrial thickness and endometrial pattern were assessed on D0.

Statistical Methods
All statistical analyses were conducted using SPSS 26.0 software (IBM Corp., NY). Continuous variables were compared 
using Student’s t-tests. Categorical variables were compared using Pearson chi-squared test or Fisher’s exact test. Descriptive 
parameters were presented as mean ± SD or as a percentage. P-values were two-tailed and considered statistically significant if 
<0.05. Multivariable logistic regression analyses were applied to examine whether different protocols of endometrial 
preparation and endometrial pattern affected the reproductive outcomes for AS women undergoing ET cycles.

Results
The study included 76 women, their clinical characteristics are presented in Table 1. Of the 76 AS patients included in 
our study, the clinical pregnancy rate was 60.5%, and the live birth rate was 50% (Table 1). The clinical pregnancy rate of 
patients’ age <37 was higher than patients’ age ≥37; however, the difference is not statistically significant (65.6% vs 
33.3%, P = 0.053). The numbers of TCRA were significantly differed between patients with and without a clinical 
pregnancy (P = 0.016). There were no significant differences in AMH, BMI, ESGE classification, pre-hysteroscopy 
menstrual pattern, history of recurrent spontaneous miscarriage, history of late miscarriage, total number of uterine 
curettage, gynecologic history, maximum endometrial thickness prior to TCRA, visualization of tubal ostia, and type of 
adhesions between women with and without clinical pregnancy or live birth.
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Table 1 The Clinical Characteristics of AS Patients

Live Birth No Live Birth P-value Clinical Pregnancy No Clinical Pregnancy P-value

n 76 38 (50.0%) 38(50.0%) 46 (60.5%) 30 (39.5%)

Age (years old) (mean ±SD) 31.03±3.50 32.55±4.82 0.118 31.43±3.82 32.33±4.86 0.372

< 37 64 35 (54.7%) 29 (45.3%) 42(65.6%) 22 (34.4%)

≥37 12 3 (25.0%) 9 (75.0%) 0.113 4 (33.3%) 8 (66.7%) 0.053

AMH 6.31±4.96 5.47±4.66 0.446 6.12±4.76 5.54±4.93 0.608

BMI 22.87±3.97 23.46±3.80 0.516 22.84±3.76 23.67±4.04 0.365

ESGE classification 0.078 0.056

Mild (I) 13 7 (53.8%) 6 (46.2%) 9 (69.2%) 4 (30.8%)

Moderate (II–III) 52 29 (55.8%) 23 (44.2%) 34 (65.4%) 18 (34.6%)

Severe(IV–V) 11 2 (18.2%) 9 (81.8%) 3 (27.3%) 8 (72.7%)

Pre-hysteroscopy menstrual pattern 0.169 0.159

Hypomenorrhea or Amenorrhea 38 16 (42.1%) 22 (57.9%) 20 (52.6%) 18 (47.4%)

Normal menses 38 22 (57.9%) 16 (42.1%) 26 (68.4%) 12 (31.6%)

History of recurrent spontaneous miscarriage 0.813 0.789

Yes 29 14(48.3%) 15 (51.7%) 17 (58.6%) 12 (41.4%)

No 47 24(51.1%) 23 (48.9%) 29 (61.7%) 18 (38.3%)

History of late miscarriage 0.153 0.153

Yes 9 7 (77.8%) 2 (22.2%) 7 (77.8%) 2 (22.2%)

No 67 31 (46.3%) 36 (53.7%) 31 (46.3%) 36 (53.7%)

Total number of uterine curettage 0.771 0.529

0 9 4 (44.4%) 5 (55.6%) 5 (55.6%) 4 (44.4%)

1 22 13 (59.1%) 9 (40.9%) 16 (72.7%) 6 (27.3%)

2 23 10 (43.5%) 13 (56.5%) 12 (52.2%) 11 (47.8%)

≥3 22 11 (50.0%) 11 (50.0%) 13 (59.1%) 9 (40.9%)

Gynecologic history

Tubal factor 21 11 (52.4%) 10 (47.6%) 0.798 16 (76.2%) 5 (23.8%) 0.084

Polycystic ovarian syndrome 16 6 (37.5%) 10 (62.5%) 0.26 8 (50.0%) 8 (50.0%) 0.332

Recurrent pregnancy loss 13 9 (69.2%) 4 (30.8%) 0.222 10 (76.9%) 3 (23.1%) 0.226

Male factor 8 5 (62.5%) 3 (37.5%) 0.711 5 (62.5%) 3 (37.5%) 0.711

Poor ovarian reserve 6 2 (33.3%) 4 (66.7%) 0.674 2 (33.3%) 4 (66.7%) 0.674

Adenomyosis 1 1 (100.0%) 0 (0.0%) 1 1 (100.0%) 0 (0.0%) 1

Chromosome abnormality 1 1 (100.0%) 0 (0.0%) 1 1 (100.0%) 0 (0.0%) 1

Unknown factor 10 3 (30.0%) 7 (70.0%) 0.309 3 (30.0%) 7 (70.0%) 0.309

Maximum endometrial thickness prior to TCRA (mm)  
(mean ±SD)

5.66±1.70 5.49±2.37 0.706 5.51±1.77 5.68±2.44 0.716

Visualization of tubal ostia 1 1

(Continued)
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A total of 134 ETs were performed for the 76 AS patients. Among these, 53 ETs led to a clinical pregnancy (39.6%), 
and 39 ET’s resulted in a live birth (29.1%) (Table 2). The proportion of women with a triple-line endometrial pattern 
before ET was significantly higher in the clinical pregnancy group than in the non-clinical pregnancy group (54.7% vs 
25.9%, P<0.001, Table 2), while it was similar between the live birth group and the no live birth group (59.0% vs 28.4%, 
P=0.001). There was a total of 127 ETs undergoing FET. Among them, 87 ETs were carried out with the HRT protocol, 

Table 1 (Continued). 

Live Birth No Live Birth P-value Clinical Pregnancy No Clinical Pregnancy P-value

Both visualized 65 32 (49.2%) 33 (50.8%) 39 (60.0%) 26 (40.0%)

One side or neither visualized 11 6 (54.5%) 5 (45.5%) 7 (63.6%) 4 (36.4%)

Type of adhesions 0.28 0.245

Membranous or fibrous adhesion 18 11 (61.1%) 7 (38.9%) 13 (72.2%) 5 (27.8%)

Myogenic adhesion 58 27 (46.6%) 31 (53.4%) 33 (56.9%) 25 (43.1%)

Numbers of TCRA 0.082 0.016

>2 15 4 (26.7%) 11 (73.3%) 5 (33.3%) 10 (66.7%)

≤2 61 34 (55.7%) 27 (44.3%) 41 (67.2%) 20 (32.8%)

Abbreviations: AMH, anti-Müllerian hormone; BMI, Body Mass Index; ESGE, European Society of Gynecological Endoscopy; TCRA, transcervical resection of adhesions.

Table 2 Embryo Transfers

All Embryo 
Transfers

Clinical 
Pregnancy

No Clinical 
Pregnancy

P-value Live Birth No Live 
Birth

P-value

134 53 (39.6%) 81 (60.4%) 39 (29.1%) 95 (70.9%)

Intracytoplasmic sperm injection 0.556 0.506

Utilized 47 17 (36.2%) 30 (63.8%) 11 (23.4%) 36 (76.6%)

Not utilized 87 36 (41.4%) 51 (58.6%) 25 (28.7%) 62 (71.3%)

Embryo type 1.000 0.415

Fresh embryo 7 3 (42.9%) 4 (57.1%) 3 (42.9%) 4 (57.1%)

Frozen embryo 127 50 (39.4%) 77 (60.6%) 36 (28.3%) 91 (71.7%)

Embryo age prior to ET 1.000 0.415

D3 embryo 7 3 (42.9%) 4 (57.1%) 3 (42.9%) 4 (57.1%)

D5 blastocyst 127 50 (39.4%) 77 (60.6%) 36 (28.3%) 91 (71.7%)

Total number of embryos transferred 0.942 0.806

1 embryo 88 35 (39.8%) 53 (60.2%) 25 (28.4%) 63 (71.6%)

2 embryos 46 18 (39.1%) 28 (60.9%) 14 (30.4%) 32 (69.6%)

Total number of high-quality embryos 
transferred

0.894 0.667

0 81 31 (38.3%) 50 (61.7%) 23 (28.4%) 58 (71.6%)

1 42 16 (38.1%) 26 (61.9%) 14 (33.3%) 28 (66.7%)

2 11 5 (45.5%) 6 (54.5%) 2 (18.2%) 9 (81.8%)

(Continued)
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16 with the OS protocol and 24 with the GnRHa+HRT protocol. Seventeen patients were transferred to an alternate 
protocol following unsuccessful embryo implantation. The proportion of ETs undergoing the HRT protocol in the clinical 
pregnancy group was significantly lower than in the non-clinical pregnancy group (50.0% vs 80.5%, P=0.001, Table 2), 
whereas the proportion of ETs undergoing the GnRHa+HRT protocol in the clinical pregnancy group was significantly 
higher than in the non-clinical pregnancy group (34.0% vs 9.1%, P = 0.001). Additionally, the proportion of ETs 
undergoing the HRT protocol in the live birth group was significantly lower than in the no live birth group (50.0% vs 
75.8%, P=0.013), and the proportion of ETs undergoing the GnRHa+HRT protocol in the live birth group was 
significantly higher than in the no live birth group (33.3% vs 13.2%, P = 0.013). No significant differences were 
found in intracytoplasmic sperm injection (ICSI), embryo type, embryo age at the time of ET, total number of embryos 
transferred, total number of high-quality embryos transferred, or endometrial thickness prior to ET between the clinical 
pregnancy group and the non-clinical pregnancy group or between the live birth group and the no live birth group. 
Furthermore, there was no significant difference in the distribution of ESGE classifications among the three distinct 
endometrial preparation protocols (Supplementary Table 1). Additionally, the patients’ age showed no correlation with 
endometrial patterns (Supplementary Table 2).

In order to determine the independent variables related to the clinical pregnancy rate in patients, we conducted 
a logistic regression analysis while controlling for potential confounders, such as patient age, ESGE classification, and 
the number of TCRA (Table 3). The analysis revealed that patient age independently influenced the likelihood of 

Table 2 (Continued). 

All Embryo 
Transfers

Clinical 
Pregnancy

No Clinical 
Pregnancy

P-value Live Birth No Live 
Birth

P-value

Protocol for FET 127 50 (39.4%) 77 (60.6%) 0.001 36 (28.3%) 91 (71.7%) 0.013

HRT 87 25 (28.7%) 62 (71.3%) 18 (20.7%) 69 (79.3%)

OS 16 8 (50.0%) 8 (50.0%) 6 (37.5%) 10 (62.5%)

GnRHa+HRT 24 17 (70.8%) 7 (29.2%) 12 (50.0%) 12 (50.0%)

Endometrial thickness prior to ET (mm)  
(mean ±SD)

8.08±1.93 7.69±1.21 0.194 8.12±1.86 7.72±1.37 0.174

Endometrial pattern <0.001 0.001

Triple line 50 29 (58.0%) 21 (42.0%) 23 (46.0%) 27 (54.0%)

Partial triple line 10 6 (60.0%) 4 (40.0%) 4 (40.0%) 6 (60.0%)

No triple line 74 18 (24.3%) 56 (75.7%) 12 (16.2%) 62 (83.8%)

Abbreviations: ET, embryo transfer; FET, frozen embryo transfer; HRT, hormone replacement therapy; OS, ovarian stimulation; GnRHa, gonadotropin- 
releasing hormone agonist.

Table 3 Multivariable Logistic Regression Analysis of Age, ESGE Classification, 
Numbers of TCRA and Clinical Pregnancy

Clinical Pregnancy Category Estimate Odds Ratio 95% CI P-value

Age ≥37 years Reference

<37 years 1.671 5.316 1.175–24.060 0.030

ESGE classification Severe Reference

Moderate 1.422 4.145 0.886–21.013 0.071

Mild 1.167 3.213 0.491–21.013 0.223

(Continued)
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achieving a clinical pregnancy (odds ratio, 5.316; 95% confidence interval, 1.175–24.060; P = 0.030). However, we 
observed no association between patient age, ESGE classification, number of TCRA, menstrual pattern before hystero
scopy, history of late miscarriage, and live birth rate in the multivariable logistic regression analysis (Table 4).

Multivariable analysis was used to assess the relationship between FET protocol, endometrial pattern and clinical 
pregnancy outcome while controlling for embryo quality, age and endometrial thickness (Table 5). We identified that the 
HRT protocol significantly decreased the odds ratio (OR) of clinical pregnancy compared to the GnRHa+HRT protocol 
(OR, 0.218, 95% confidence interval, 0.076–0.624; P = 0.005). In addition, we found that the absence of a triple-line 
endometrial pattern was significantly associated with decreased odds of clinical pregnancy compared to having a triple- 
line endometrial pattern (OR, 0.315, 95% confidence interval, 0.137–0.727; P = 0.007). Another multivariable analysis 
was performed to assess the relationship between the FET protocol, endometrial pattern and live birth outcome while 
controlling for embryo quality, age and endometrial thickness (Table 6). The HRT protocol showed a significant decrease 
in the odds ratio (OR) of live birth compared to the GnRHa+HRT protocol (OR, 0.362, 95% confidence interval, 
0.131–0.995; P = 0.049). Additionally, we found that the absence of a triple-line endometrial pattern was significantly 
associated with decreased odds of live birth compared to having a triple-line endometrial pattern (OR, 0.306, 95% 
confidence interval, 0.127–0.740; P = 0.009).

Discussion
FET cycles minimized the potential impacts of varying ovarian stimulation protocols and high serum progesterone level on 
endometrium in fresh cycles. After controlling for the quality of the embryo, our results indicated a correlation between 
endometrial pattern and clinical outcomes. Those with the triple-line pattern had a significant higher clinical pregnancy rate 

Table 3 (Continued). 

Clinical Pregnancy Category Estimate Odds Ratio 95% CI P-value

Numbers of TCRA >2 Reference

≤2 1.124 3.077 0.834–11.361 0.092

Abbreviation: ESGE, European Society of Gynecological Endoscopy.

Table 4 Multivariable Logistic Regression Analysis of Age, ESGE Classification, Numbers of TCRA, Menstrual Pattern 
Before Hysteroscopy, History of Late Miscarriage and Live Birth

Live Birth Category Estimate Odds Ratio 95% CI P-value

Age ≥37 years Reference

<37 years 1.414 4.114 0.736–22.980 0.107

ESGE classification Severe Reference

Moderate 1.742 5.71 0.871–37.430 0.069

Mild 1.436 4.204 0.484–36.537 0.193

Numbers of TCRA >2 Reference

≤2 1.014 2.757 0.668–11.375 0.161

Menstrual pattern before hysteroscopy Normal menses Reference

Hypomenorrhea or Amenorrhea −0.667 0.513 0.174–1.512 0.226

History of late miscarriage Yes Reference

No −1.96 0.141 0.018–1.099 0.061

Abbreviations: ESGE, European Society of Gynecological Endoscopy; TCRA, transcervical resection of adhesions.
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and live birth rate. However, neither endometrial thickness nor total number of embryos transferred could predict the clinical 
pregnancy or live birth following FET cycles in patients with AS. A triple-line pattern at ultrasound examination reflects 
endometrial proliferation. The absence of a triple-line pattern could be a sign of early secretory changes in the endometrium, 
indicating that the time of maximal endometrial receptivity has passed.19

Table 5 Multivariable Logistic Regression Analysis of Protocols of FET, Endometrial 
Pattern, Quality of Embryo, Age, EMT and Clinical Pregnancy

Clinical Pregnancy Category Estimate Odds Ratio 95% CI P-value

Protocols of FET GnRHa+HRT Reference

HRT −1.524 0.218 0.076–0.624 0.005

OS −0.582 0.559 0.133–2.356 0.428

Endometrial pattern Triple line Reference

Partial triple line 0.222 1.248 0.243–6.405 0.79

No triple line −1.154 0.315 0.137–0.727 0.007

Embryo quality High Reference

No high 0.070 1.073 0.467–2.463 0.868

Age (years old) ≥37 Reference

<37 0.763 2.145 0.499–9.217 0.305

Endometrial thickness 0.085 1.088 0.815–1.453 0.566

Abbreviations: FET, frozen embryo transfer; EMT, endometrial thickness measurement; HRT, hormone replacement 
therapy; OS, ovarian stimulation; GnRHa, gonadotropin-releasing hormone agonist.

Table 6 Multivariable Logistic Regression Analysis of Protocol of FET, Endometrial Pattern, 
Quality of Embryo, Age, EMT and Live Birth

Live Birth Category Estimate Odds Ratio 95% CI P-value

Protocol of FET GnRHa+HRT Reference

HRT −1.017 0.362 0.131–0.995 0.049

OS −0.154 0.857 0.211–3.491 0.83

Endometrial pattern Triple line Reference

Partial triple line −0.321 0.725 0.145–3.636 0.696

No triple line −1.183 0.306 0.127–0.740 0.009

Embryo quality High Reference

No high 0.151 1.163 0.486–2.781 0.734

Age (years old) ≥37 Reference

<37 0.735 2.085 0.404–10.767 0.381

Endometrial thickness 0.099 1.104 0.827–1.474 0.502

Abbreviations: FET, frozen embryo transfer; EMT, endometrial thickness measurement; HRT, hormone replacement 
therapy; OS, ovarian stimulation; GnRHa, gonadotropin-releasing hormone agonist.
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This finding suggests that administering a single dose of long-acting GnRHa in the early follicular phase of the FET 
cycle can improve the clinical outcomes of AS patients, possibly by augmenting endometrial receptivity. The optimal 
method for endometrial preparation in FET cycles, with or without GnRHa pretreatment, lacks consensus in terms of 
consistently improved pregnancy outcomes.11,20,21 However, few studies have focused on the suitable FET protocol for 
AS patients. Our findings suggest that the administration of a single dose of long-acting GnRHa in the early follicular 
phase of the previous menstrual cycle could serve as a novel strategy for endometrial preparation in FET cycles for AS 
patients. The GnRH/ GnRHR system is expressed in the endometrium, ovaries, and human preimplantation embryos. The 
expression of this system supports its physiological regulatory role in the functioning of the endometrial receptivity,22 

trophoblast invasion,23 and embryo implantation.24,25. Our proposal suggests that the direct action of GnRHa in the 
previous menstrual cycle may be a potential mechanism for enhancing endometrial receptivity during FET cycles. In 
a murine model, ovarian stimulation reduced the endometrial expression of the integrin beta-3 subunit, leukaemia 
inhibitory factor, and the implantation rate during the implantation window, with partial reversal of these effects 
following GnRHa administration.22 GnRHa exhibits a direct immunomodulatory effect by disrupting the imbalance 
between Th17 and Treg cells, thereby enhancing endometrial receptivity.26 Furthermore, it can enhance endometrial 
receptivity by upregulating the expression of αγβ3 integrin in the endometrium, modulating the levels of IL-6 and IL-11 
in endometrial stromal cells via miR-124-3p, and enhancing the formation of pinopodes to facilitate embryo 
implantation.27,28 These mechanisms are crucial in contributing to the favorable clinical outcomes associated with the 
GnRHa+HRT protocol.

The strength of our study lies in the inclusion of a substantial number of AS patients, considering the rarity of the 
disease. Additionally, the study has significant clinical implications. We have identified an association between endo
metrial patterns and pregnancy outcomes, including clinical pregnancy and live birth for AS patients. On the day of 
progesterone administration, an isoechoic or homogeneous hyperechoic endometrium with a nonprominent or absent 
central echogenic line may indicate a lower clinical pregnancy and live birth rate. Furthermore, the GnRHa+HRT 
protocol favors the pregnancy outcomes, compared to the HRT protocol in FET cycles for AS patients.

There are also some limitations in the present study. One significant limitation of our study is its retrospective nature 
and the lack of a prospective randomized design. Undetected biases might have influenced the outcomes. Consequently, 
logistic regression analyses were conducted to reduce potential biases. The validation of any results will necessitate 
a well-designed and adequately powered randomized clinical trial.

Conclusion
The present study indicated that endometrial preparation for AS patients undergoing FET with GnRHa suppression 
provides better clinical outcomes than without GnRHa. Additionally, the endometrial pattern, rather than endometrial 
thickness, should be used to determine whether to cancel a scheduled ET in AS patients.

Data Sharing Statement
The datasets generated during and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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