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Background

To investigate whether double embryo transfer (DET) increases the risk of spontaneous clinical pregnancy loss (CPL) in singleton pregnancies following frozen-thawed embryo transfer (FET), compared to single embryo transfer (SET).





Methods

This retrospective cohort study included 2,448 females with singleton pregnancies (excluding vanishing twin cases) resulting from frozen-thawed single or double embryo transfers between January 2017 and September 2022. The CPL rate was the sole outcome measure. We compared CPL rates between SET and DET across three populations with increasing embryo developmental potential using binary logistic regression analysis: P1, comprising transfers of Day 3 cleavage-stage embryos; P2, comprising transfers of blastocysts; and P3, comprising transfers of top-quality blastocysts, defined as morphologically good Day 5 blastocysts.





Results

After adjusting for confounding factors, the comparison between SET and DET revealed the following findings: in P1, DET had a slightly higher CPL rate compared to SET [OR (95% CI): 1.18 (0.74-1.90), p=0.46]; In P2, DET showed a moderately higher CPL rate [OR (95% CI): 1.34 (0.96-1.87), p=0.08]; In P3, DET had a significantly higher CPL rate [OR (95% CI): 1.55 (1.02-2.37), p=0.04]. A combined analysis indicated that as the developmental potential of the transferred embryo increased (from P1 to P2 and further to P3), the impact of DET on CPL also increased, as reflected by the rising OR values and decreasing p-values. We proposed that in singleton pregnancies resulting from DET, the loss of a non-viable embryo at a later stage, when it has a larger cell mass, may trigger excessive intrauterine inflammation, thereby increasing the risk of CPL for the remaining full developmental potential embryo. In singleton pregnancies resulting from DET, a higher-quality embryo that fails is more likely to die at a later stage. This could explain why the impact of DET on CPL increases with the developmental potential of the embryo.





Conclusion

Since a significant difference in CPL between SET and DET was only observed in P3 population. Therefore, we concluded that compared to SET, the transfer of double morphologically good Day 5 blastocysts is associated with increased clinical pregnancy loss in singleton pregnancies following FET.
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Introduction

The number of embryos transferred is considered as a crucial factor influencing the clinical outcomes of in vitro fertilization-embryo transfer (IVF-ET). An increase in the number of embryos transferred has been found to significantly enhance the clinical pregnancy rate but also substantially increase the incidence of multiple pregnancies (1–4). Undoubtedly, multiple pregnancies significantly increase the risk of adverse gestational and perinatal outcomes, as well as short-term and long-term health complications for both mothers and babies (5–7). In natural pregnancies, the rate of multiple pregnancies is around 1%. By contrast, with assisted reproductive technology (ART) in China, the rate of multiple pregnancies exceeds 30% (8). To mitigate the high rate of multiple pregnancies, it is recommended that no more than two embryos be transferred per cycle in China. Consequently, most reproductive centers in China routinely transfer either one or two embryos per cycle.

Previous studies have reported a higher rate of adverse gestational and perinatal outcomes in singletons conceived by ART compared to those conceived spontaneously (9–12). The outcomes also differ between single embryo transfer (SET) and double embryo transfer (DET). Previous studies have indicated a higher risk of adverse outcomes in singletons from DET compared to SET, including the risk of neonatal death, low birthweight in frozen embryo transfer cycles, and very preterm birth and low birthweight in blastocyst transfer cycles (13–15). Theoretically, a singleton pregnancy from DET differs from a singleton pregnancy from SET. In a singleton pregnancy from DET, the surviving embryo could potentially be affected by the death of another embryo. It has been reported that embryonic apoptosis induces maternal sterile purulent inflammation, leading to the resorption of the dead embryo (16). It is possible that intrauterine inflammation resulting from the death of one embryo may adversely affect the surviving embryo, potentially leading to increased rates of adverse gestational and perinatal outcomes.

Here, we investigated whether singleton pregnancies from DET have a higher likelihood of spontaneous clinical pregnancy loss (CPL) compared to SET. A previous study has suggested a higher rate of missed abortion in patients with singleton pregnancies conceived after multiple embryo transfers (17). Nonetheless, the small sample size (only 195 singleton pregnancies) limits the conclusiveness of this finding. In the present study, we retrospectively analyzed frozen-thawed embryo transfer (FET) cycles with singleton pregnancies at our reproductive center from January 2017 to December 2022.





Materials and methods




Study design

This was a retrospective study. This study collected data from couples with confirmed singleton pregnancies via FET at our reproductive center from January 2017 to September 2022. This study was approved by the ethics committee of Changzhou Maternal and Child Health Care Hospital. Given the difference in embryo stage, the transfer cycles were initially divided into two groups: P1(Day 3 cleavage embryos) and P2 (blastocysts). Subsequently, each group was further subdivided based on the number of embryos transferred into SET and DET groups. In addition, data from SET and DET with top blastocyst (morphologically good Day 5 blastocysts, P3 group) were extracted for analysis. Baseline characteristics and the rate of CPL between SET and DET were compared in P1 and P2, respectively. Binary logistic regression analysis was used to evaluate the effect of DET on the occurrence of CPL in P1, P2 and P3, respectively. Further details of the study design were described in Figure 1.




Figure 1 | Study flow diagram. SET, single embryo transfer; DET, double embryo transfer; SETc, SET with Day 3 cleavage embryo; DETc, DET with Day 3 cleavage embryo; SETb, SET with blastocyst; DETb, DET with blastocyst; SETtb, SET with top blastocyst; DETtb, DET with top blastocyst.







Inclusion/exclusion criteria

FET cycles with a confirmation of singleton pregnancies (one heartbeat confirmed by the first ultrasonography) were included;

Females with a history of previous spontaneous abortion or uterine malformation were excluded;

Individuals with chromosomal disorders or a history of cancer were excluded;

Surgical sperm extraction and rescue-ICSI were excluded;

FET cycles resulting in ectopic pregnancies or induced abortions were excluded;

Cases lost to follow-up were excluded.





Embryo culture procedures

Females underwent controlled stimulation protocols to promote follicle growth. Oocytes were collected approximately 36 hours after the trigger under ultrasound guidance, and fertilization was performed with either conventional IVF or the ICSI method. Zygotes were evaluated on day 1, and embryos were morphologically scored on Day 3, 5, or 6. Day 3 cleavage embryos were frozen on Day 3, while blastocysts were frozen on Day 5 or 6.





Morphological score of embryos

The morphological scoring for Day 3 cleavage embryos and blastocysts was performed as previously described (18). Briefly, Day 3 embryos were classified into four grades based on their morphological appearance. Grades I and II were considered good embryos, grade III as non-good embryo, and grade IV embryos were discarded. For blastocysts, a morphologically good blastocyst was defined as having a blastocyst expansion grade over 3, with an A or B score for both the inner cell mass (ICM) and trophectoderm (TE). A morphologically non-good blastocyst was defined as having a blastocyst expansion grade over 3, a C score for either the ICM or TE, and an A or B score for the corresponding opposite component (TE or ICM).





Definitions

A singleton pregnancy is defined as a pregnancy where only one fetus is present, confirmed by the detection of a single heartbeat on the first ultrasonography.

Top blastocysts refer to morphologically good blastocysts that were formed on Day 5, characterized by a high degree of blastocyst expansion (over 3) and an A or B score for both the ICM and TE.

Clinical pregnancy loss refers to the spontaneous loss of a clinical pregnancy.





Embryo culture and transfer strategy

In late 2016, our reproductive center implemented blastocyst culture. To minimize the risk of having no embryos available for transfer, it’s a common practice not to perform blastocyst culture for couples with a very limited number of Day 3 cleavage embryos (<=4). In the case of a moderate number of Day 3 cleavage embryos (>4 and <=7), the two to four best Day 3 embryos are frozen, while the remaining embryos undergo further culture. When the number of Day 3 cleavage embryos is =>7 and the number of Grade I and II embryos is =>4, all embryos are subjected to further culture. For embryo transfer priority, the order is as follows: morphologically good Day 5 blastocysts have the highest priority, followed by morphologically good blastocysts, then good Day 3 embryos, and finally non-optimal blastocysts.





Statistical analysis

Data were analyzed using SPSS software (Version 21, IBM). Continuous data were first examined by the Normality and Lognormality test. Data that were not normally distributed were compared using the Mann–Whitney U test. The constituent data were compared using the chi-square test. Binary logistic regression analysis was used to evaluate the impact of groups (DET vs. SET) on the occurrence of CPL, while adjusting for potential confounding factors including female age and BMI, semen DFI, number of oocytes retrieved, type of infertility, infertility duration, infertility cause, previous transfer cycle, endometrium preparation, and embryo quality. p< 0.05 was considered statistically significant.






Results




Characteristics of patients, ovarian stimulation, embryo transfer, and the occurrence of clinical pregnancy loss

In Day 3 cleavage embryo transfer cycles (P1), both the SET and DET groups displayed numerous similar baseline characteristics, including infertility duration, primary diagnoses, as well as BMI of both females and males, females and males with age over 35 years, semen DFI, males with semen DFI over 30, previously failed transfer cycles, ovarian stimulation protocols, fertilization methods, endometrial preparation protocols, endometrial thickness, and the proportion of transferred grade III embryos (Table 1). However, compared to the SET group, the DET group had a higher proportion of patients with primary infertility, younger ages for both females and males at oocyte retrieval or embryo transfer, a higher proportion of patients with at least one previous IVF cycle, a higher number of oocytes retrieved, and a higher proportion of transfer cycles with at least one grade III embryo (Table 1). The CPL rate was similar between the SET and DET groups (Table 1).


Table 1 | Description of cohort.



In blastocyst transfer cycles (P2), both the SET and DET groups displayed numerous similar baseline characteristics, including primary infertility, infertility duration, primary diagnoses, females and males with age over 35 years, BMI of both males and females, males with semen DFI over 30, previous IVF cycles, ovarian stimulation protocols, oocytes retrieved, fertilization method, and endometrial thickness (Table 1). However, compared to the SET group, the DET group had younger ages for both females and males at oocyte retrieval or embryo transfer, less females with BMI over 30, lower semen DFI, more patients with at least a previous failed transfer cycles, a higher percentage of endometrial preparation with ovarian stimulation protocol, fewer Day 5 or morphologically good blastocysts transferred, and more transfer cycles with at least one day 6 embryo or one morphologically non-good blastocyst (Table 1). The CPL rate was higher in the DET group than in the SET group, although the difference was not significant (Table 1).





The effect of DET on the occurrence of CPL among groups

Here, we evaluated the effect of DET on the occurrence of CPL in three distinct groups, P1, P2, and P3. The developmental potential of embryos in these three groups gradually increased from P1 (Day 3 cleavage embryos) to P2 (blastocysts) and to P3 (top blastocysts).Variables including the number of oocytes retrieved, female age (at oocyte retrieval), infertility duration, infertility cause, type of infertility, female BMI, semen DFI, previous transfer cycle, protocols of endometrial preparation, and embryo quality were considered as confounding factors. After adjusting for confounding factors, compared to SET, DET showed a slightly higher rate of CPL in P1[OR (95% CI): 1.18 (0.74-1.90), p=0.46] (Table 2); a moderate higher rate of CPL in P2 [1.34 (0.96-1.87), p=0.08] (Table 3); a significant higher rate of CPL in P3 [1.55 (1.02-2.37), p=0.04] (Table 4).


Table 2 | The effect of DET on the occurrence of CPL for Day 3 cleavage embryo transfer.




Table 3 | The effect of DET on the occurrence of CPL for blastocyst transfer.




Table 4 | The effect of DET on the occurrence of CPL for top blastocyst transfer.







Proposed mechanism

A combined analysis showed that DET progressively increases the risk of CPL as the developmental potential of the embryos rises (from P1 to P2, and further to P3) (Figure 2). We proposed that in singleton pregnancies following DET, the loss of one embryo at a later developmental stage (potentially after biochemical pregnancy) may trigger excessive intrauterine inflammation, leading to the loss of the clinically established pregnancy of the remaining full potential embryo (Figure 3). In singleton pregnancies after DET, as the developmental potential of the transferred embryos increases, the likelihood of later-stage embryo loss also rises, which explains this observation. Due to being unaffected by the loss of another embryo, an embryo with full developmental potential may result in a live birth using the SET strategy (Figure 3).




Figure 2 | Combined analysis of DET on the occurrence of CPL across groups. As the potential of transferred embryos increases (from Day 3 cleavage embryos to blastocysts and further to top blastocysts), the impact of DET on the occurrence of CPL became progressively evident. CPL, Clinical pregnancy loss; SET, single embryo transfer; DET, double embryo transfer.






Figure 3 | A proposed mechanism of CPL caused by DET. In DET, two embryos are transferred, one with full developmental potential and one with limited developmental potential. The embryo with limited potential may establish a biochemical pregnancy but then fail to progress to a clinical pregnancy. This failure triggers an inflammatory response in the uterus, which negatively affects the development of the surviving embryo with full developmental potential, ultimately leading to the loss of the clinical pregnancy. However, if the embryo with full developmental potential were transferred alone, a live birth could be achieved.








Discussion

In the present study, we investigated whether DET increases the risk of CPL in singleton pregnancies, compared to SET. Previous studies have shown adverse outcomes in singleton births following DET compared to SET, suggesting that the death of one embryo indeed influences the remaining surviving embryo with full potential (13, 19, 20). In the present study, we found that as the potential of transferred embryos increased (from Day 3 cleavage embryos to blastocysts to top blastocysts), the effect of DET on the occurrence of CPL became progressively more evident in singleton pregnancies. More importantly, we found that transferring two morphologially good Day 5 blastocyst significantly increases the CPL rate in singleton pregnancies following FET, compared to the transfer of single morphologially good Day 5 blastocyst.

For Day 3 cleavage embryo transfer, it was common practice to transfer two embryos (if available). Owing to the higher developmental potential of blastocyst, SET was more commonly used for blastocyst transfer, particularly for morphologically good Day 5 blastocysts. Consequently, in the Day 3 cleavage embryo transfer group, most singleton pregnancies were achieved thorough DET, while in the blastocyst transfer group, most singleton pregnancies were achieved through SET. Our embryo culture and transfer strategy, as outlined in the Methods section, may contribute to the older age and lower ovarian reserve in couples receiving SET in the present study. For DET, transferring one good embryo and one non-good embryo is more likely to result in a singleton pregnancy, compared to transferring two good or two non-good embryos. The morphological score of the blastocyst also determines whether one or two embryos are transferred. Therefore, the embryo quality in the DET group was lower compared to SET in the present study. Additionally, a failed transfer cycle with a good embryo often leads to the decision to transfer two embryos in the subsequent cycle. Consequently, the DET group had more couples with at least one failed transfer cycle, particularly in blastocyst transfer. The heterogeneity between the SET and DET populations could potentially introduce bias into the entire study. However, variables such as age, embryo quality, infertility duration and previous transfer cycles were considered as confounding factors in the analysis, which help to mitigate potential bias.

In natural conception, the zygote develops into a Day 3 cleavage embryo and progresses further into a blastocyst within the oviduct (21–23). Then, the blastocyst moves into the uterine cavity, hatches from the zona pellucida, and initiates the process of implantation (21). The interaction between the blastocyst and the endometrium, along with the rapid growth of the blastocyst, stimulates the secretion of β-HCG, leading to a biochemical pregnancy (24, 25). Following this, the embryo continues to grow, developing a fetalheart, which leads to a clinical pregnancy (26). In ART, the processes that occur in the oviduct are replicated in vitro, within a laboratory dish (27). In humans, embryonic loss is common and can occur at any stage of development, including before or at the blastocyst stage, after a biochemical pregnancy (biochemical pregnancy loss), or after the establishment of clinical pregnancy (clinical pregnancy loss) (28–30).

It has been reported that the embryonic apoptosis can directly trigger maternal sterile purulent inflammation, leading to the resorption of the dead embryo (16). It is well established that some degree of systemic or uterine inflammation is necessary both for normal implantation and pregnancy while excessive inflammation can increase the risk of miscarriage (31). Evidence from ART indicates that higher levels of serum C-reactive protein, which reflects inflammation, are associated with pregnancy loss (32). A recent prospective study showed a significantly higher of pro-inflammatory cytokines at day 16 following embryo transfer (during biochemical pregnancy, but before clinical pregnancy) in women who experienced subsequent miscarriage (33), indicating that an excess of pro-inflammatory factors during implantation increases the risk of CPL. Based on these studies, it is reasonable to assume that in singleton pregnancies following DET, the death of an embryo at a later developmental stage, when it has a larger cell mass, may trigger an excess inflammatory response, significantly increasing the risk of loss of the remaining full potential embryo. It is well established that embryo developmental potential is tightly associated with clinical outcomes. There should be an order of embryo developmental potential, live birth embryos > clinical pregnancy embryos > biochemical pregnancy embryos > blastocysts > Day3 cleavage embryos. In the setting of singleton pregnancies following DET, the likelihood of the decreased embryo dying at later stage should follow this order, morphologically good Day 5 embryos > blastocysts > Day3 cleavage embryos. This well explain the observation in the present study that, as the developmental potential of transferred embryos increases, the effect of DET on the occurrence of CPL becomes more pronounced.

Our findings are supported by several studies. A recent study analyzing data from 4232 women showed that DET had a lower cumulative live birth rate compared to SET [OR (95% CL): 0.76 (0.53–1.07)] (34). Another study, including data from 49,333 patients, demonstrated that iSET is associated with a significantly higher cumulative livebirth rate [OR (95% CL): 1.32 (1.26 –1.38)], compared to iDET (35). Clua et al. analyzing data from 1139 oocyte donation cycles, revealed that the cumulative pregnancy and livebirth rates of SET vs. DET is 82.8% vs. 77.2% and 76.4% vs. 63.7% respectively (36). This indicates a higher rate of CPL in the DET group (SET vs DET: 6.4% vs. 12.7%). A more recent study has shown that DET increases the rate of CPL for females receiving euploid frozen blastocyst transfer compared to SET (37). More importantly, the results from these studies can be well explained by the present study, which suggests that the DET strategy may result in the loss of full-potential embryos in singleton pregnancies.

The findings of this study are clinically significant. While DET significantly increases the risk of twin pregnancies, it remains prevalent in reproductive centers. One key reason for this is that many patients consider twin pregnancies acceptable. However, this study revealed that transferring two morphologically good Day 5 blastocysts increased the risk of CPL in singleton pregnancies, a risk that would be unacceptable to most patients. These findings may encourage the broader adoption of the SET strategy. A recently published committee opinion on embryo transfer limits suggests that for women aged 38 years or older, transferring two or more embryos may be considered (38). Full-potential embryos are particularly valuable for patients with poor prognoses. Therefore, based on our findings, SET should be prioritized to avoid the possible loss of full potential embryos. Additionally, our study provides novel evidence that supports the most recent ESHRE guidelines on the number of embryos to transfer during IVF/ICSI, which emphasize that no clinical or embryological factors alone justify recommending DET over eSET (39).

The present study has several strengths. Firstly, its design is robust, as we analyzed the impact of DET on the occurrence of CPL in singleton pregnancies across three groups: the Day 3 cleavage embryo group, the blastocyst group, and the top blastocyst group, each representing progressively increased potential of the dead embryo. Secondly, we proposed a theory that helps explain our observations effectively. Thirdly, the primary findings of our study are supported by a large cohort study involving 49,333 patients (35). However, owing to the retrospective nature of the study, there is a possibility that important confounding factors were not fully accounted for. Moreover, the sample size of our study may have been insufficient to achieve statistical significance for certain comparisons, such as transfer of Day 3 cleavage embryos. Additionally, the data utilized in the present study were derived from a single reproductive center. We encourage reproductive centers, particularly large ones, to repeat our analysis using their own data to test our findings. Furthermore, since our study was based on data from FET cycles, the applicability of our conclusions to fresh embryo transfer cycles warrants further investigation.





Conclusion

Since a significant difference in CPL between SET and DET was only observed in the population with the transfer of morphologically good Day 5 blastocysts, we concluded that, compared to SET, the transfer of double morphologically good Day 5 blastocysts is associated with an increased risk of clinical pregnancy loss in singleton pregnancies following FET. Whether double transfers of Day 3 cleavage embryos or non-morphologically good Day 5 blastocysts increase the risk of CPL in singleton pregnancies, compared to single transfers of Day 3 cleavage embryos or non-morphologically good Day 5 blastocysts, still needs to be tested with large datasets.
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