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Objective

To evaluate the efficacy of the long-acting gonadotropin-releasing hormone agonist (GnRH-a) administration before hormone replacement treatment for frozen-thawed embryo transfer in women with different times of embryo implantation failures.



Methods

A retrospective cohort study was performed between January 2015 and December 2019. A total of 9263 women who underwent frozen-thawed embryo transfer were included in the study. The study is divided into three parts based on the times of embryo implantation failures. The sample sizes were 4611 for no implantation failure, 3565 for one failure and 1087 for multiple failures. Two endometrium preparation protocols, HRT and HRT with GnRH-a pretreatment (G-HRT), were compared. Confounding factors were treated by propensity score matching and generalized estimation equation.



Results

For women with no failure of embryo implantation, the live birth rate was not statistically different when they underwent HRT and G-HRT (HRT: 42.75% [498/1165], G-HRT: 45.24% [527/1165], P=0.2261). Similar outcome also appeared in women with one failure of embryo implantation (HRT: 47.22% [535/1133], G-HRT: 50.31% [570/1131], P=0.1413). For women with multiple failures of embryo implantation, the live birth rate was significantly difference (HRT: 38.74% [117/302], G-HRT: 45.48% [357/785], P=0.0449). When stratified by age, the live birth rate is similar for women older than 37 years. Generalized estimation equation showed that GnRH agonist pretreatment was independently associated with the live birth rate for women with multiple failures (adjust OR: 1.5, 95%CI: [1.12-2.00]).



Conclusion

For women with no/one failure of embryo implantation, the live birth rate is similar between HRT and G-HRT protocols. For women with multiple failure of embryo implantation, GnRH agonist pretreatment is beneficial to raise the live birth rate.





Keywords: frozen-thawed embryo transfer, endometrium preparation, hormonal replacement treatment, GnRH agonist, embryo implantation failure



Introduction

Frozen-thawed embryo transfer cycles (FETs) have been an important component in the assisted reproduction technology field. The Society for Assisted Reproductive Technology (SART) reported an 82.5% increase in the number of FETs, whereas the number of fresh cycles increased only by 3.1% (1). The rapid increase is mainly attributed to the recent policy of limiting the number of transferred embryos in the fresh cycle, the role of freezing-all embryo strategy in prevention of ovarian hyperstimulation syndrome (OHSS) and the maturation of vitrification freezing technology (2). Also, studies showed that the transfer of frozen embryos resulted in higher rates of live birth than the transfer of fresh embryos, especially for hyper-responders (3).

Endometrial preparation protocol is an important factor affecting the pregnancy rate of FET, and can mainly be divided into hormonal replacement treatment cycles (HRTs) and natural cycles (NCs). Hormone replacement cycle is usually recommended for women with irregular, infrequent menstrual cycles, and can also be utilized in normal ovulatory women because of the flexible time schedule (4). For HRTs, gonadotropin-releasing hormone agonists (GnRH-a) can be used to suppress any hormone production by the ovaries which may interfere with the treatment. However, the efficacy of GnRH-a has been controversial: the latest review showed HRT alone has a lower live birth rate with a low-quality evidence (OR 0.1, 95% CI 0.04 to 0.30, 1 RCT, n = 75) than HRT with GnRH-a pretreatment and a similar clinical pregnancy rate (OR 0.9, 95% CI 0.65 to 1.25, 6 RCT, n = 872) (5). The limited efficacy, adverse effects and expensive cost of GnRH-a seem to suggest its impracticality. However, the women included in the above studies did not limit the characteristics of infertility, such as endometriosis, recurrent spontaneous abortion, repeated implantation failure (RIF). Several studies have shown that GnRH-a suppression significantly enhanced the chances of pregnancy for women with endometriosis or adenomyosis in both fresh and frozen cycles (6, 7). The mechanism is unclear, but studies have speculated that GnRH-a can improve the endometrial receptivity of these women (8).

RIF is the current hot topic. The reasons for RIF could be summarized as uterine/endometrial factors and gamete/embryo factors. Multiple high-quality embryo transfer failures suggested that uterine/endometrial factors were the primarily cause of RIF (9). The speculation of this study was that GnRH-a pretreatment could improve the endometrial receptivity of RIF, and more failures of embryo implantation were associated with lower endometrial receptivity. Therefore, we designed a large sample retrospective cohort study stratified by the times of embryo implantation failures to provide a quantitative reference standard of the use of GnRH-a for doctors.



Materials and Methods


Study Design and Population

In this retrospective cohort study, medical records were reviewed for women who underwent frozen embryo transfer treatment between January 2015 and December 2019 in the Reproductive Medicine Center of Jiangxi Maternal and Child Health Hospital Affiliated to Nanchang University in the People’s Republic of China. A total of 9263 women were included in the study. However, 5683 women were actually compared after propensity score matching (PSM). The study is divided into three parts based on the times of embryo implantation failures. PSM method was used to balance the confounders for women with no/one implantation failure, but not used among women with multiple failures, given the similar baseline characteristics between the two groups (Figure 1). All women underwent HRT for frozen-thawed embryo transfer with or without GnRH agonist pretreatment. The exclusion criteria includes: (1) endometriosis; (2) adenomyosis; (3) polycystic ovary syndrome; (4) endometritis; (5)intrauterine adhesions; (6) uterine malformation; (7) untreated hydrosalpinx. The study protocol was approved by the Institutional Review Board of Jiangxi Maternal and Child Health Hospital (Nanchang, China).




Figure 1 | Flow chart of the study.





Preparation of the Endometrium


Hormonal Replacement Treatment (HRT)

Oral estradiol (Progynova®; BayerSchering Pharma AG, Berlin, Germany) was started on day 2 or 3 of the menstrual cycle at a dose of 2 mg twice daily. After 6 or 7 days, the dosage of estradiol was adjusted according to the endometrium thickness. When oral estradiol is ≥12d and the thickness of endometrium is ≥8mm, intramuscular progesterone at a dose of 80 mg per day was added. After the endometrial transformation, frozen-thawed embryo transfer was scheduled at 4 days for cleavage-stage embryos and 6 days for blastocyst-stage embryos.



Hormonal Replacement Treatment With GnRH Agonist Pretreatment (G-HRT)

A long-acting GnRH agonist (Diphereline, Beaufour Ipsen, France) was injected on day 2 or 3 of the menstrual cycle. The women returned to hospital 28 days later and underwent HRT the same as above.




Outcome Assessment

The primary outcome was the live birth per transfer cycle, which was defined as delivery of any viable infant at 28 weeks or more of gestation during the first embryo transfer cycle. The secondary outcomes were endometrial thickness, biochemical pregnancy, clinical pregnancy, implantation rate and pregnancy loss. The Serum β-hCG level was measured at 10-12 days after the embryo transfer. A biochemical pregnancy was defined as the serum β-hCG level exceeds 5IU/L, indicating a positive result. Clinical pregnancy was defined as the presence of one or more gestational sacs in the uterine cavity at 30 days after embryo transfer, as detected on transvaginal ultrasonography. Implantation rate was defined as the number of gestational sacs observed on the ultrasound compared with the number of embryos transferred. Pregnancy loss was defined as pregnancies that eventuate in a spontaneous abortion or therapeutic abortion that occurred throughout pregnancy.



Statistical Analysis

PSM was used to adjust for potential non-similarities between HRT and G-HRT groups. A propensity score was calculated by performing multivariate stepwise logistic regression with age, days of embryo freezing, body mass index, proportion of tubal factors, and number and phase of embryos transferred. The nearest neighbor match without replacement was used in PSM with an 1:1 ratio. In addition to PSM, generalized estimating equations (GEE) based on logistic regression models was also performed to control the influence of confounding factors. The application of GEE mainly considers the clustered nature of data (some patients contributed more than one cycle) (10). Categorical data was described by frequency and percentage. Chi-square test was used to compare the differences between the study groups. Continuous data that conforms to a normal or approximate normal distribution was described as means (± SD) and compared by independent t test. Statistical analysis was tested on two-sided settings, with p < 0.05 considered as statistically significant. All statistical analysis was carried out by SAS version 9.4.




Results

Baseline characteristics of women with no failure of embryo implantation are presented in Table 1. Age, BMI, previous conception, scar uterus, tubal factors, number and phase of embryos transferred were significantly different between HRT and G-HRT group (P< 0.05) before PSM. Age, days of embryo freezing, BMI, previous conception, scar uterus, number and phase of embryos transferred were different between two group (P< 0.05) for women with one failure of embryo implantation before PSM (Table 2). After PSM, the baseline characteristics of women with no/one failure of embryo implantation were similar between the two groups (Tables 1, 2). Baseline characteristics were similar between HRT and G-HRT group among women experienced multiple failures without PSM (Table 3).


Table 1 | Baseline characteristics of patients with no failure of embryo implantation before and after PSM.




Table 2 | Baseline characteristics of patients with one failure of embryo implantation before and after PSM.




Table 3 | Baseline characteristics of patients with multiple failures of embryo implantation.



Live birth and secondary outcomes are presented in Table 4. The live birth rate in the G-HRT group was significantly higher than that of HRT group for women with multiple failure of embryo implantation (HRT: 38.74% [117/302], G-HRT: 45.48% [357/785], P=0.0449); the same was for biochemical pregnancy (HRT: 58.28% [176/302], G-HRT: 67.13% [527/785], P=0.0062) and clinical pregnancy (HRT: 48.68% [147/302], G-HRT: 55.92% [439/785], P=0.0318). However, the live birth was similar between two groups for women with no/one failure of embryo implantation. In addition, the implantation rate of G-HRT group was higher than that of HRT group for women with on failure, and the biochemical pregnancy and clinical pregnancy of G-HRT group was higher than that of HRT group for women with one failure. A significantly higher endometrial thickness was seen in the G-HRT group than the HRT group in all the three sub-studies (No failure, HRT: 9.3 ± 1.66 mm, G-HRT: 9.69 ± 2.09 mm, P<.0001; One failure, HRT: 9.14 ± 1.54 mm, G-HRT: 9.69 ± 2.02 mm, P<.0001; Multiple failure, HRT: 9.15 ± 1.54 mm, G-HRT: 9.68 ± 1.95 mm, P<.0001).


Table 4 | Clinical outcomes stratified by times of embryo implantation failures.



When the participants were stratified by age, the trend of a higher live birth rate was found among women aged less than 38 in G-HRT group and the difference was inconspicuous if women’s age exceeded 37 years (Figure 2). The multivariate logistic regression GEE model showed that GnRH-a pretreatment among women with multiple failures resulted in a higher live birth rate with an adjust odds ratio of 1.50 (95% confidence interval [CI], 1.12 to 2.00; P=0.0067) (Table 5), while the efficacy of GnRH-a pretreatment was not significant in women with no/one failures.




Figure 2 | Live birth rate stratified by times of embryo implantation failures and age.




Table 5 | Multivariate logistic regression GEE model with odds ratios for live birth.





Discussion

This study analyzed the efficacy of the GnRH-a administration before HRT for FET in women with different times of embryo implantation failures. The results show that GnRH-a pretreatment is beneficial to raise the live birth rate for women with multiple failures (>1 embryo transfers) of embryo implantation. GnRH-a pretreatment do not increase the live birth rate in women with no/one failure of embryo implantation. In addition, GnRH-a pretreatment can improve endometrial thickness on progesterone initiation day independently from the numbers of failed embryo implantations.

How to improve the success rate of FETs has attracted more and more attention from reproductive medicine specialists as the proportion of FETs increased. This study was the first one to compare the efficacy of GnRH-a pretreatment before HRT for FET in women with different times of embryo implantation failures. To our knowledge, this retrospective study of 9263 samples is the largest analysis of comparison between HRT and G-HRT. We used the PSM method to control for the potential confounders in no/one failure of embryo implantation sub-studies. However, we did not match the two groups for women with multiple failures because there was no significant difference in basic information. The PSM method is useful for observational studies in which treatment allocation is non-random and can be viewed as an approach seeking to replicate random assignment in conventional randomized controlled trials (11). Observational studies of ART are unique from other studies because of the presence of multiple treatment cycles per women may have several cycles which will lead to clustering effect. Therefore, GEE model was used instead of conventional logistic regression for multivariate analysis.

Our study has some limitations. It can be found that the basic conditions before PSM in the G-HRT group are worse than those in the HRT group. The main reason is that doctors tend to choose G-HRT protocol for difficult patients, such as having only one precious embryo, multiple failures of implantation and thin endometrium in previous cycles. Although the confounding factors were balanced by the PSM and multivariate logistic regression GEE model, some slight differences could not be reflected in the data. Therefore, we hold that the results of this study are conservative and the difference between G-HRT group and HRT group may actually be more obvious. A large prospective cohort study or randomized controlled study is urgently needed for more accurate comparisons. This study has another limitation. Because the preimplantation genetic testing has not been widely used in our center, the selection of embryos was mainly based on morphological grading. Therefore, we could not exclude the confounding effects caused by embryo aneuploidy, which should be taken into full consideration in further studies when exploring the effect of GnRH-a pretreatment on endometrial receptivity.

The efficacy of GnRH-a pretreatment before HRT has been controversial. Most randomized trials have shown that there is no difference in clinical pregnancy rates between HRT and G-HRT (4, 12–14). In addition, GnRH agonist might pose more financial burden, prolong treatment time and the women may suffer from menopausal symptoms resulting from hypo-estrogenic state. Therefore, relevant reviews do not recommend using GnRH agonist before HRT (5). However, many studies have shown that long-term GnRH-a administration in infertile women with endometriosis or adenomyosis can improves endometrial receptivity and significantly increases the chances of pregnancy (7, 15). This suggests that the treatment protocol should vary from person to person.

Most women undergoing assisted reproductive technology treatment would experience one or more transfer failures. The cause of failure can be summarized as gamete/embryo factors and uterine/endometrial factors. When multiple high-quality embryos failed to be implanted, uterine/endometrial factors were considered as the main reason of multiple failures (9). Our motivation for this study was to speculate that more failures of embryo implantation were associated with lower endometrial receptivity. In order to explore the independent relationship between the times of embryo implantation failures and endometrial receptivity, we excluded all other infertility that may affect endometrial receptivity, such as endometriosis, polycystic ovary syndrome and endometritis. Presently, the evidence of GnRH agonist pretreatment for women with RIF is limited. Yang et al. (16) reported that pituitary suppression before frozen embryo transfer is beneficial for patients suffering from idiopathic repeated implantation failure. A RCT with a small sample, however, showed no significant differences in pregnancy rates between HRT and G-HRT (17).

It needs to be explained that the women with multiple failures of embryo implantation in this study were different from women with RIF. The definition of RIF has not yet been unified, more commonly used definitions include: (1) failure to achieve a clinical pregnancy after >3 embryo transfers with high quality embryos or the transfer of ≥10 embryos in multiple transfers (18); (2) failure to achieve a clinical pregnancy after transfer of at least four good-quality embryos in a minimum of three fresh or frozen cycles in a woman under the age of 40 years (9). However, the criteria for women with multiple failures (>1 embryo transfers) are much less strict than most definition of RIF. The results of the study are meaningful, because multiple failures cover a much larger population than RIF.

In our study, the G-HRT group had a thicker endometrium than that of HRT group. This conclusion is consistent with previous studies (12, 19). GnRH-a pretreatment can also get a thicker endometrium in fresh-embryo transfer cycles, besides in the FET cycles (6, 20). Endometrium thickness has been used as a marker of the uterine receptivity to embryos, and as a predictor of IVF-ET success (21, 22). Although related mechanisms are still unclear, it is likely to be associated with the hypothesis of endometrial recovery. A break of constant menstrual cycling caused by prolonged pituitary down-regulation may restore full function to the steroid-sensitive systems (23). The wider implications of this outcome is that GnRH-a pretreatment may be suitable for women with thin endometrium.

Age is a key factor affecting endometrial receptivity and embryo quality. According to the results of age stratification of one failure of embryo implantation sub-group, the pretreatment of GnRH-a can obtain greater benefits in the 35-37 age group (HRT: 35.67%, G-HRT: 46.15%, P=0.059), followed by the younger (<35 years old) group (HRT: 53.26%, G-HRT: 55.33%, P=0.402), while older (>37 years old) women do not benefit significantly (HRT: 28.22%, G-HRT: 30.41%, P=0.661). The possible explanation for this parabolic phenomenon is that most young women do not have endometrial problems, and the efficacy of GnRH-a pretreatment and is limited (24, 25). Similarly, the main reason of implantation failure is the high rate of embryo aneuploidy for older women, which coincides with most RIF’s definition of restricting the age of women (9). However, the clinic outcomes of G-HRT group were numerically higher than HRT group at all ages for multiple failures of embryo implantation sub-group, which suggested GnRH-a pretreatment is beneficial at all ages for multiple failures women (<35 years old, HRT: 45.56%, G-HRT: 54.90%, P=0.035; 35-37 years old, HRT: 37.74%, G-HRT: 50.00%, P=0.133; >37 years old, HRT: 21.74%, G-HRT: 24.09%, P=0.699). Only a superficial subgroup analysis was performed in this study, so these speculations still require special research and further discussion.



Conclusions

This retrospective study supports the hypothesis that long-acting GnRH agonist administration in the early follicular phase before hormonal replacement treatment for frozen-thawed embryo transfer can effectively improve the clinical outcomes of women with at least two failures of embryo implantation. For women with no/one failure of embryo implantation, the effect of GnRH-a pretreatment was not obvious. Due to the limitations of retrospective studies, this conclusion needs to be confirmed by prospective studies. Furthermore, our study found that GnRH-a pretreatment can significantly increase the endometrial thickness on progesterone initiation day independently from the numbers of failed embryo implantations, which prompt GnRH-a pretreatment might be beneficial for women with thin endometrium.
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