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Objective: The single-embryo transfer (SET) is the recommended approach to improve the live birth rate and reduce the complications related with multiple pregnancies. However, the physicians generally chose to transfer two embryos when the embryo quality decreased. The effect on the in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) outcomes following the transfer of a poor-quality embryo (PQE) along with a good-quality embryo (GQE) has been explored. However, previous studies were limited by the fresh embryo transfer cycles or the small sample size.

Methods: A retrospective cohort study was performed among 26,676 women (the mean age was 31.72 years) undergoing first frozen embryo transfer (FET) from January 2011 to December 2017. Patients were grouped into five subgroups, including SET with one GQE (SET-GQE, 2235 patients for cleavage-stage embryo transfer and 756 patients for blastocyst transfer), SET with one PQE (SET-PQE, 148 patients for cleavage-stage embryo transfer and 362 patients for blastocyst transfer), double-embryo transfer with two GQE (DET-2GQE, 20,461 patients for cleavage-stage embryo transfer and 519 patients for blastocyst transfer), double-embryo transfer (DET) with one GQE plus one PQE (DET-GQE+PQE, 1541 patients for cleavage-stage embryo transfer and 266 patients for blastocyst transfer), and DET with two PQE (DET-2PQE, 228 patients for cleavage-stage embryo transfer and 160 patients for blastocyst transfer). Multivariable logistic regression models were performed after controlling for other potential confounders to estimate the effect of number and quality of transferred embryos on pregnancy outcomes.

Result: Although the live birth rate was significantly higher after DET-GQE+PQE compared with SET-GQE for cleavage-stage embryo transfer [574 of 1541 (37.25%) vs. 571 of 2235 (25.55%)], no significant difference was found between DET-GQE+PQE and SET-GQE for blastocyst transfer [143 of 266 (53.76%) vs. 325 of 756 (42.99%)]. However, DET-GQE+PQE also had the highest multiple live births in both cleavage-stage embryo transfer [134 of 1541 (8.70%)] and blastocyst transfer [46 of 266 (17.29%)]. The live birth rate after SET-PQE significantly decreased in comparison with SET-GQE [cleavage-stage embryo transfer: 18 of 148 (12.16%) vs. 571 of 2235 (25.55%); blastocyst transfer: 107 of 362 (29.56%) vs. 325 of 756 (42.99%)] and significantly increased after DET-2GQE compared with SET-GQE [cleavage-stage embryo transfer: 9357 of 20,461 (45.73%) vs. 571 of 2235 (25.55%); blastocyst transfer: 313 of 519 (60.31%) vs. 325 of 756 (42.99%)]. The live birth rate was also not different between DET-2PQE and SET-GQE for cleavage-stage embryo transfer and blastocyst transfer [cleavage-stage embryo transfer: 75 of 228 (32.89%) vs. 571 of 2235 (25.55%); blastocyst transfer: 74 of 160 (46.25%) vs. 325 of 756 (42.99)].

Conclusion: In order to minimize the risk of multiple births, the data from this study did not support transferring DET with a GQE plus a PQE compared with SET with a GQE, especially for blastocyst transfer. However, the proportion of patients older than 35 years was small (12.07% for patients aged 36–39 years and 7.31% for patients 40 years or older), which limited the generalization of these results to other population.
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INTRODUCTION

The development of clinical and laboratory techniques over decades has not only improved the live birth rate after assisted reproduction technology (ART) but also increased the multiple pregnancy rate, which increased the obstetric complication and adverse neonatal outcomes (Neubourg et al., 2002; McLernon et al., 2010). As the ultimate goal of ART is the birth of a healthy child with no maternal complication, the single-embryo transfer (SET) is the recommended approach to achieve this goal and reduce the complications related with multiple pregnancies. However, embryo quality is one important factor to consider when implementing a successful SET. Embryo quality, based on morphological parameters, is a major predictor for the success of implantation and live birth (Della et al., 2007; Ahlstrom et al., 2011). The study conducted by Oron et al. (2014) reported the clinical pregnancy rate and live birth rate after the single good-quality embryo transfer (GQE) were almost twice as high as those after the single poor-quality embryo (PQE) transfer.

Despite the higher multiple pregnancy rate, the physicians generally chose to transfer two embryos when the embryo quality decreased. Two studies have explored the effect on the in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) outcomes following the transfer of a PQE along with a GQE and found that the clinical pregnancy rate and live birth rate were similar when compared with transfer of two GQEs, but the above studies were all conducted in the fresh cycles (Wintner et al., 2017; Li et al., 2018). Furthermore, Dobson et al. (2018) evaluated the influence of double-embryo transfer (DET) with a PQE plus a GQE on the IVF outcome in the fresh and frozen cycles and reported that the live birth rate did not increase but the multiple birth increased compared with SET. However, this study only included blastocyst transfer and the sample size was small in five subgroups divided by the number and quality of embryos available. Therefore, the impact of DET and SET on IVF outcome at different grades of embryo quality in the vitrified cleavage and blastocyst stages needed to be further explored in a large sample study.

We conducted this research aiming at exploring the differences in the association between pregnancy outcomes and number of transferred embryos by grades of embryo quality in both vitrified cleavage-stage embryo transfer and blastocyst transfer.



MATERIALS AND METHODS


Study Population

In this retrospective cohort study, we included 26,676 women receiving their first frozen embryo transfer (FET) in the time period from January 2011 to December 2017 at the Department of Assisted Reproduction of the Shanghai Ninth People’s Hospital affiliated to Jiao Tong University School of Medicine (a large hospital-based tertiary care reproductive center in Shanghai, China). All included women used autologous oocytes, and each woman was included only once in this study. Women with previous fresh or FET were excluded. This study protocol was approved by the Ethics Committee (Institutional Review Board) of the Shanghai Ninth People’s Hospital.

The details about ovulation induction and IVF/ICSI procedure, embryo culture and evaluation, freezing and thawing of embryos, and FET all have been detailed in our previous articles (Kuang et al., 2014a, b; Chen et al., 2015; Du et al., 2017). IVF or ICSI was performed depending on the semen quality. Normal fertilization was assessed 16–18 h after insemination/injection. Then, the embryos were subsequently cultured until day 3 or day 5/6.

Cleavage embryos were classified as GQEs (grade I and II embryos) if they had four cells on day 2 or six to eight cells on day 3, with less than 20% anucleate fragments according to Cummins criteria (Cummins et al., 1986; Reinblatt et al., 2011). Embryos graded III or IV including those that had only two cells on day 2, less than six cells on day 3, and no less than 20% fragmentation were called poor quality. Blastocyst quality was graded on day 5 or 6 according to the degree of blastocoel expansion, inner cell mass (ICM), and trophectoderm (TE) cells (Gardner et al., 2004). Good-quality embryos were defined as those where at least (3) the blastoceles were filling completely 100% of the embryo, (B) they are loosely grouped with several cells, and (B) several cells formed in the loose epithelium. Lower-than-3BB-quality embryos on day 5 or 6 were defined as PQEs. The allocation to blastocyst- or cleavage-stage embryo transfer depends on the patient’s age and the quality and number of cleavage-stage embryos available. Embryo grading was done by two trained embryologists and was verified by another senior embryologist with years of work experience.

After embryo grading, all cleavage-stage embryos and blastocysts were frozen using the vitrification method. In brief, the cryotop carrier system (Kitazato Biopharma Co., Ltd., Japan) was used for vitrification and 15% (v/v) ethylene glycol, 15% (v/v) dimethyl sulfoxide, and 0.5 mol/l sucrose were used as the cryoprotectant. For warming, 1.0, 0.5, and 0.0 mol/l sucrose solutions were used for stepwise cryoprotectant dilution. All vitrification and warming steps were carried out at room temperature except the first warming step, which was at 37°C. The same vitrification method was employed throughout the whole study period.

Endometrial preparation was performed as previously described (Du et al., 2017). Natural cycle was used for patients with regular menstrual cycles, and hormone therapy cycle or stimulation cycle was used for patients with irregular menstrual cycles. One or two embryos were transferred, and P supplementation was provided until 8 weeks of gestation if pregnant. Patients were excluded if they had mixed-cleavage–blastocyst-stage embryo transfer.

A live birth was defined as an infant born alive after 24 weeks of gestation who survived more than 28 days. The patients were grouped into cleavage-stage embryo group and blastocyst group according to the development stage of transferred embryos. Then, for each group, five subgroups were formed according to the number and quality of embryos, SET-GQE included patients with single GQE transfer, SET-PQE consisted of patients with single PQE transfer, DET-2GQE involved patients with double GQE transfer, DET-GQE+PQE were those patients with one GQE and one PQE transfer, and DET-2PQE were patients with two PQEs transfer.



Statistical Analysis

The baseline characteristics were described with mean (standard deviation, SD) for continuous variables and percentage for categorical variables. Comparisons of baseline characteristics between groups were performed with chi-square test or ANOVA where appropriate. The live birth rates across subgroups stratifying by stage of embryo development were calculated. Multivariable logistic regression was performed to explore the effect of different embryo transfer strategies on the live birth for cleavage-stage embryo transfer and blastocyst transfer, respectively, after controlling for potential confounders including maternal age, maternal BMI, infertility type, parity, duration of infertility, causes of infertility, number of two pronuclear (2PN) embryos, endometrial preparation protocol, and endometrial thickness. Results were reported as adjusted odds ratios (aORs) with 95% confidence intervals (CIs). All statistical analyses were performed by using the two-sided 5% level of significance and the statistical package Stata, Version 12 (StataCorp, College Station, TX, United States).



RESULTS

In total, 26,676 patients underwent the first FET (24,613 patients with cleavage-stage embryo transfer and 2063 with blastocysts transfer) in the study period from 2011 to 2017. Among all patients, 2991 patients underwent transfer of single GQE, 510 patients underwent single PQE, 20,980 patients underwent double GQEs, 1807 patients had DET with one GQE plus one PQE, and 388 patients had two PQEs transfer. The patient and treatment characteristics are presented in Table 1. The proportion of patients less than or equal to 30 years of age (46.68%) was higher in the group with double GQE transfer, and the proportion of patients 35 years of age or greater (37.06%) was higher in the group with single PQE transfer. More than 80% of patients were nulliparous, and the major infertility cause was female factor.


TABLE 1. Maternal and treatment characteristics by group of embryo transfer.

[image: Table 1]In general, transfer of blastocyst had a significantly higher rate of live birth than did transfer of cleavage-stage embryo (for SET: blastocyst vs. cleavage-stage embryo 38.64% vs. 24.72%; for DET: blastocyst vs. cleavage-stage embryo 56.08% vs. 45.01%; Table 2). The multiple live birth rates were also significantly higher for blastocyst transfer compared with cleavage-stage embryo transfer (for SET: blastocyst vs. cleavage-stage embryo 0.81% vs. 0.29%; for DET: blastocyst vs. cleavage-stage embryo 21.69% vs. 13.76%).


TABLE 2. Live birth rate in the first FET cycles, stratified by number of embryo transfer, embryo quality, and stage of embryo development.

[image: Table 2]For patients with cleavage-stage embryo transfer, DET-2GQE had the highest live birth rate (45.73%), followed by DET-GQE+PQE (37.25%), DET-2PQE (32.89%), SET-GQE (25.55%), and SET-PQE which had the lowest live birth rate (12.16%). This trend also can be found among patients with blastocyst transfer. DET-2GQE also had the highest multiple live births in both cleavage-stage embryo transfer (14.22%) and blastocyst transfer (26.20%). In addition, the live birth rate was significantly higher after blastocyst transfer than after cleavage-stage embryo transfer for each of the five embryo transfer strategies.

Table 3 shows the results from multivariate logistic regression on the live birth rate following SET-GQE against SET-PQE, DET-2GQE, DET-GQE+PQE, and DET-2PQE for cleavage-stage embryo transfer and blastocyst transfer, respectively. For both cleavage-stage embryo transfer and blastocyst transfer, after adjusting for other confounders, the results showed that the live birth rate after SET-PQE significantly decreased in comparison with SET-GQE (cleavage-stage embryo transfer: aOR 0.49, 95% CI 0.28, 0.84; blastocyst transfer: aOR 0.62, 95% CI 0.46, 0.83), and live birth rate after DET-2GQE significantly increased compared with SET-GQE (cleavage-stage embryo transfer: aOR 1.62, 95% CI 1.40, 1.89; blastocyst transfer: aOR 1.76, 95% CI 1.20, 2.57). Although the live birth rate was significantly higher after DET-GQE+PQE compared with SET-GQE for cleavage-stage embryo transfer (aOR 1.25, 95% CI: 1.04, 1.51), no significant difference was found between DET-GQE+PQE and SET-GQE for blastocyst transfer (aOR 1.42, 95% CI: 0.93, 2.15). The live birth rate was also not different between DET-2PQE and SET-GQE for cleavage-stage embryo transfer and blastocyst transfer (cleavage-stage embryo transfer: aOR 1.10, 95% CI 0.78, 1.55; blastocyst transfer: aOR 1.09, 95% CI 0.67, 1.76).


TABLE 3. Logistic regression analysis for live birth rate after FET among patients with different embryo transfer strategies.
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DISCUSSION

This large retrospective cohort study showed that DET with a GQE plus a PQE increased the live birth rate for cleavage-stage embryo transfer but did not increase the live birth rate for blastocyst transfer when compared with SET with a GQE during the first FET treatments. Furthermore, DET with a GQE plus a PQE increased multiple live births for both cleavage-stage embryo transfer and blastocyst transfer. Our study indicated that although DET with a GQE plus a PQE was helpful to improve the live birth rate, it led to the increasing risk of multiple live births for cleavage-stage embryo transfer, whereas DET with a GQE plus a PQE was not found to have any benefit in live birth rate, while increasing multiple births for blastocyst transfer. Therefore, our study advises to weigh up the pros and cons before making the clinical decisions about transferring DET with a GQE plus a PQE, especially for blastocyst transfer.

To our knowledge, this was one of the largest retrospective cohort studies exploring the live birth rate after DET with a GQE plus a PQE during the FET treatments. In this study, patients with both the cleavage-stage embryo transfer and blastocyst transfer were enrolled, the results of which could enrich current research in this field. In order to minimize the effect of confounding factors, we only included patients undergoing the first FET and adjusted variables including maternal age, maternal BMI, infertility type, parity, duration of infertility, causes of infertility, number of 2PN embryos, endometrial preparation protocol, and endometrial thickness. However, our study was limited by the retrospective design from the single center; the conclusion from our study needs to be verified in further studies. The proportion of patients older than 35 years was small (12.07% for patients aged 36–39 years and 7.31% for patients 40 years or older), which also limited the generalization of these results to other population. In addition, the majority of patients in this study underwent cleavage-stage embryo transfer rather than blastocyst transfer. The following reasons can account for the lower proportion of blastocyst transfer in our study. On the one hand, Chinese legislation limited the proportion of blastocyst transfer cycles to control the male birth, which leads to the transfer of cleavage-stage embryos remaining a priority in Chinese IVF centers. On the other hand, extending embryo culture to blastocyst from cleavage stage has been regarded as a tool of embryo selection. Although this procedure improves the live birth rate, it also increases the transfer cancelation rate and diminishes the number of viable embryos for cryopreservation and subsequent frozen-thawed embryo transfer. Previous study has found that the failure to reach the stage of embryo transfer because of poor or arrested embryo development increased in patients seeking blastocyst-stage embryo transfer compared with patients with cleavage-stage embryo transfer (Glujovsky et al., 2016). It has been reported that some cleavage-stage embryos that did not survive extended in vitro culture, however, may continue to develop into viable pregnancies if they were transferred into the uterus on day 3 (Gleicher et al., 2015). So many patients and clinicians choose to cleavage-stage embryo transfer after weighing the pros and cons.

There were different viewpoints on the effect of DET with mixed quality embryos on embryo development and growth. Some authors proposed that the implantation potential of each embryo was independent, and transferring a PQE would not affect the pregnancy and implantation of a GQE. However, the cooperative interaction was proposed to explain that preimplantation embryos could affect the surrounding embryo development by specific released growth factors (Tao et al., 2013). The interaction was related with the embryo quality, and factors from PQE could adversely impact the development of neighboring embryos. In recent years, the decidualized endometrial stromal cells (ESCs) have been a study focus, which could recognize GQE and PQEs and respond selectively to developmentally impaired embryos to prevent its implantation (Weimar et al., 2013). Many previous studies also evaluated the effect of DET with mixed quality embryos on live birth rate by clinical data, and the results were inconsistent. El-Danasouri et al. (2016) reported that transferring a morphologically impaired embryo significantly adversely affected the clinical pregnancy and implantation of the GQE in a retrospective multicenter study. Dobson et al. (2018) finished a prospective study and demonstrated that there exists a non-significant trend of decrease in live birth rate for DET with a GQE plus a PQE compared with SET with a GQE. They attributed the absence of significance to the small sample size and proposed that a PQE may detrimentally impact the implantation of a GQE for blastocyst transfer in both fresh and frozen cycles. Two studies performed in fresh IVF/ICSI cycles found that the live birth rate has no statistically significant differences for DET with mixed quality embryos vs. SET with a GQE or DET with two GQE (Wintner et al., 2017; Li et al., 2018). In contrast to previous studies, our study found the increased live birth rate after DET with a GQE plus a PQE compared with SET with a GQE for vitrified cleavage-stage embryo transfer, but no significant change was found in the live birth rate between DET with a GQE plus a PQE and SET with a GQE for blastocyst transfer. Given the conflicted results in the existing research, prospective randomized controlled trials were needed to confirm the relationship.

Consistent with previous studies, our research also showed that the multiple live birth rates per embryo transfer cycle were significantly increased after DET than SET regardless of the transferred embryo quality and the development stage of embryo (Gelbaya et al., 2010; McLernon et al., 2010). Since October 2015, the “universal two-child policy” has been enacted in China (Zeng and Hesketh, 2016; Li et al., 2019). Influenced by this policy, many infertile couples want to have two children with one ART treatment. However, multiple live births were associated with increased obstetrical and neonatal morbidity and mortality. From a healthcare and societal perspective, the cost was also found to be much higher for DET than cumulative SET (Kjellberg et al., 2006). McLernon et al. (2010) also proposed that the difference in live birth rate between SET and DET could be overcome through an additional SET. So we advise these infertile couples anticipating two children to undergo two separate childbirths after SET rather than DET.

In agreement with other studies, the present study found the significantly higher live birth rate after blastocyst transfer than cleavage embryo transfer (Zhu et al., 2013; Glujovsky et al., 2016). The likely explanation for this result was the embryo selection by extending culture to the blastocyst stage, which reduced the number of PQEs, as only those with strong developmental potential survive the challenge of extended culture and reach the blastocyst stage. In our research, the live birth rate for single blastocyst transfer with a GQE was higher than that for double cleavage-stage embryo transfer with mixed quality embryos and double cleavage-stage embryo transfer with two PQE. This result verified that a single blastocyst transfer with a GQE was the preferred recommendation for patients preparing for the first FET.



CONCLUSION

In conclusion, DET with a GQE plus a PQE increased the live birth rate for cleavage-stage embryo transfer but did not increase the live birth rate for blastocyst transfer when compared with SET with a GQE during the first FET treatments. Furthermore, DET with a GQE plus a PQE increased multiple live births for both cleavage-stage embryo transfer and blastocyst transfer. Therefore, in order to minimize the risk of multiple births, the data from this study did not support transferring DET with a GQE plus a PQE compared with SET with a GQE, especially for blastocyst transfer.
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Unadjusted odds P-value Adjusted odds P-value

ratio (95% Cl) ratio (95% Cl)
Cleavage-stage embryo transfer
SET-GQE 1.00 1.00
SET-PGE 0.40(0.24,067) <0001 0.49(0.280.84) 0009
DET-2GQE 246(2222.71) <0001 1.62(1.40,1.89) <0001
DET-GQE+PQE 1.73(1.50,1.99) <0001 1.25(1.04,1.51) 0018
DET-2PQE 1.43(1.07,1.92) 0017 1.10(0.78,1.55) 0578
Blastooyst transfer
SET-GQE 1.00 1.00
SETPQE 0.56(0.43,0.73) <0001 062(0.46,0.83) 0001
DET-2GQE 2.01(1.61,2.53) <0001 1.76(1.20,257) 0003
DET-GQE+PQE 1.54(1.16,2.04) 0003 1.42(0.932.15) o.101
DET-2PQE 1.14(0.81,1.61) 0450 1.09(0.67,1.76) 0726

SET, single embryo transfer; DET, double embryos transfer; GQE, good quality embryo; PQE, poor quality embryo; FET: frozen-thawed embryo transfer. Adjusted maternal
age, maternal BMI, infertity type, parity, duration of infertity, causes of infertity, number of two pronuclear (2PN) embryos, endometial preparation protoco, and
endometrial thickness.
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Demographics SET-GQE SET-PQE DET-2GQE DET-GQE+PQE DET-2PQE P-value

(n =2991) (n=510) (n =20,980) (n = 1807) (n=388)
Patients with 6SET or éDET 1266 (42.33) 170(33.33) 16,135 (7691) 971 (63.74) 195 (50.26)
Maternal agely), n (%) <0.001
<30 1080 (36.11) 157 (30.78) 9793 (46.68) 686 (37.96) 144 (37.11)
31-34 866 (28.95) 164 (32.16) 6521 (31.08) 563 (30.60) 117 (30.15)
235 1045 (34.94) 189 (37.06) 4666 (22.24) 568 (31.43) 127 (32.73)
Type of infertiity, n (%) 0271
Primary infertity 1509 (63.46) 264(5176) 11,370 (54.19) 968 (63.02) 193 (49.74)
‘Second infertiity 1392 (46.54) 246 (48.24) 9610 (45.81) 849 (46.98) 195 (50.26)
Parity, n (%) <0001
Nuliparous 2577 (86.16) 421(8255) 18,862 (89.90) 1568 (86.77) 330 (85.05)
Pluriparous 414 (13.84) 89 (17.45) 2118 (10.10) 239 (13.23) 58 (14.95)
Duration of infertilty, mean = SD 3954307 4094310 3724271 4024291 4204302 <0001
Infertiity causes, n (%) 0008
Female factor 1816 (60.72) 204(57.65) 12,725 (60.65) 1054 (68.33) 241 (62.11)
Meale factor 2682 (9.43) 49.(961) 2281 (1087) 194 (10.74) 44 (11.34)
Combined factor 631 (21.10) 102 (20.00) 4219 (20.11) 377 (20.86) 70 (18.04)
Unexplained 262 (8.76) 65 (12.75) 1755 (8.37) 182 (10.07) 33(851)
Stage of embryo development <0001
Cleavage-stage embryo 2235 (74.72) 148(29.02) 20,461 (97.59) 1541 (85.28) 228 (88.76)
Blastocyst 756 (25.28) 362 (70.98) 519 (247) 266 (14.72) 160 (41.24)

SET, single embryo transfer; DET, double embryos transfer; GQE, good qualty embryo; PQE, poor quality embryo; FET: frozen-thawed embryo transfer; eSET, elective
SET: eDET, elective DET.
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Number of Live birth Multiple live Number of Live birth Multiple live
cycles rate (%) birth rate (%) cycles rate (%) birth rate (%)
Total 24613 43.05 12.45 2063 4663 10.37
SET 2383 2472 029 1118 38.64 081
SET-GQE 2235 2555 031 756 4299 079
SET-PGE 148 12.16 o 362 2956 083
DET 22230 4501 13.76 945 56.08 21.69
DET-2GQE 20461 45.73 14.22 519 6031 2620
DET-GOE+PQE 1541 3725 870 266 53.76 17.29
DET-2PQE 228 32.89 614 160 4625 1437

SET, single embryo transfer; DET, double embryos transt

QE, good quality embryo; PQE, poor quality embryo; FET: frozen-thawed embryo transfer.





