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Objective

This study aims to investigate the impact of day-3 (D3) cleavage-stage embryo thawing with immediate transfer versus thawing and overnight culture before transfer on clinical outcomes. It also examines the relationship between cleavage-stage embryo developmental speed after overnight culture and clinical pregnancy outcomes, as well as factors influencing clinical pregnancy in frozen embryo transfer (FET).





Methods

A retrospective analysis was conducted on 1,040 patients who underwent D3 cleavage-stage frozen embryo transfer at Yulin City Maternal and Child Health Hospital between July 2022 and December 2023. Patients were divided into two groups based on embryo culture time after thawing: control (same-day transfer, 2-3 hours) and experimental (overnight culture, 18-20 hours). Clinical pregnancy rates, embryo implantation rates, early miscarriage rates, and multiple pregnancy rates were compared between groups. The experimental group was further subdivided based on the number of cleavage blastomeres increased after culture: A1 (≥4 blastomeres), A2 (1-3 blastomeres), and A3 (no increase). A binary logistic regression analysis identified independent factors affecting clinical pregnancy outcomes in FET.





Results

No significant differences were found between the control and experimental groups in clinical pregnancy rate (37.2% vs. 40.2%), embryo implantation rate (24.9% vs. 26.4%), early miscarriage rate (13.1% vs. 18.8%), or multiple pregnancy rate (9.2% vs. 10.2%) (P > 0.05). In the experimental group, clinical pregnancy rates for A1, A2, and A3 subgroups were 44.2%, 29.8%, and 25.5%, respectively. Early miscarriage rates were 18.6%, 10.7%, and 38.5%, showing statistically significant differences (P < 0.05). Female age, endometrial thickness, embryo morphology, and the number of cleavage blastomeres were identified as independent factors influencing clinical pregnancy rate.





Conclusion

This study indicates that D3 embryos with an increase in the number of blastomeres to more than four or entering the compaction stage after overnight culture have better pregnancy outcomes. Female age and endometrial thickness are important factors influencing clinical pregnancy rates. Optimizing culture conditions and ensuring optimal endometrial thickness may help improve the success rate of frozen-thawed embryo transfer.
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1 Introduction

With advancements in assisted reproductive technology (ART), vitrification techniques have become increasingly refined, and the application of cryopreservation in in vitro fertilization (IVF) labs has improved survival rates of oocytes, cleavage-stage embryos, and blastocysts after thawing. This has led to the widespread adoption of frozen-thawed embryo transfer (FET) (1). Data indicates that over the past decade, the number of FET cycles has increased significantly, accounting for more than 30%-40% of all transfer cycles in many regions worldwide (2).

FET not only allows patients to choose an optimal time for embryo transfer, helps prevent ovarian hyperstimulation syndrome, and reduces embryo waste, but it also plays a key role in decreasing multiple pregnancy rates and increasing cumulative live birth rates (3, 4). Furthermore, compared to fresh embryo transfer, FET has been shown to improve implantation, clinical pregnancy, and ongoing pregnancy rates in ART cycles (5), while posing lower risks of placenta previa, placental abruption, low birth weight, very low birth weight, preterm birth, small-for-gestational age, and perinatal mortality (6).

Factors influencing clinical outcomes of FET include maternal age, BMI, embryo quality, endometrial thickness on the day of transfer, number of embryos transferred, and post-thaw recovery of embryos (7). However, optimizing post-thaw outcomes for cleavage-stage embryos remains controversial, with no consensus yet reached. In clinical practice, the in vitro culture duration after D3 cleavage-stage embryo thawing varies, and its impact on pregnancy outcomes is still debated (8).

Our study is novel in that it provides a detailed analysis of the clinical outcomes of Day 3 cleavage-stage embryos subjected to overnight culture (to Day 4) after thawing, compared to embryos transferred shortly after thawing. Specifically, we assessed the developmental potential of embryos during the overnight culture and categorized them based on the extent of blastomere division into subgroups (A1, A2, and A3). This level of granularity in embryo classification, combined with a large sample size, allows for a nuanced understanding of how post-thaw developmental progression impacts clinical outcomes.

Therefore, this study retrospectively analyzed 1040 FET cycles at our center, all involving D3 cleavage-stage embryo transfers after thawing, to investigate the relationship between in vitro culture duration after D3 embryo thawing and clinical pregnancy outcomes, as well as the impact of different embryo developmental rates following overnight culture. This analysis also considers additional factors influencing clinical pregnancy outcomes in FET.




2 Materials and methods



2.1 Study subjects and grouping

A retrospective analysis was conducted on medical records of patients who underwent D3 cleavage-stage frozen-thawed embryo transfer (FET) at our center from July 2022 to December 2023, encompassing a total of 1040 cycles. Ethical approval for this study was obtained from the ethics committee, and the approval number was YLSFYLLKY2025-02-05-1.Inclusion criteria were female age <50 years and male age <60 years, with infertility factors such as female pelvic/tubal or ovulatory disorders, and male oligoasthenoteratozoospermia. IVF or ICSI was performed. Exclusion criteria included FET cycles with sequential cleavage-stage and blastocyst transfer, egg recipients, and patients who underwent oocyte vitrification followed by embryo transfer.

The cycles were grouped based on the timing of thawing. The control group (470 cycles) involved thawing in the morning with embryo transfer approximately 2 hours later. The experimental group (570 cycles) underwent thawing in the afternoon of the previous day, followed by an 18–20 hour overnight culture prior to transfer.




2.2 Methods



2.2.1 Embryo cryopreservation and thawing

The KITAZATO cryopreservation and thawing kits (Japan) and Vitrolife sequential culture media were used.



2.2.1.1 Embryo vitrification

At room temperature, embryos were transferred from G1 medium to the equilibration solution (ES) and equilibrated for 10 minutes until approximately 90% of blastomeres recovered. Embryos were then transferred to vitrification solution (VS) and, within 60 seconds, loaded onto cryo-straws and preserved in liquid nitrogen.




2.2.1.2 Embryo thawing

Cryo-straws containing embryos were transferred directly from liquid nitrogen to WS1 thawing solution prewarmed to 37°C, shaken gently to ensure release of the embryo into the solution, and kept in the solution for 1 minute. The embryos were subsequently moved through WS2, WS3, and WS4 solutions sequentially (3 min, 5 min, 5 min), with WS2 and WS3 at room temperature and WS1 and WS4 at 37°C. Embryos were then cultured overnight in microdrops of G2 medium within a tri-gas incubator (6% CO2, 5% O2, balanced with N2) to await transfer.





2.2.2 Endometrial preparation

Endometrial preparation includes the natural cycle, ovulation induction cycle, and rtificial cycle.



2.2.2.1 Natural cycle

Starting from day 10 of menstruation, monitor follicle development with ultrasound until the dominant follicle diameter is ≥16mm. At this point, begin monitoring blood levels of estradiol, progesterone, and luteinizing hormone. On the day of ovulation, administer oral dydrogesterone 10mg tid (Duphaston, 10mg/tablet, Abbott Biologicals B.V.) or progesterone capsules 200mg bid (Yimaixin, 50mg/pill, Zhejiang Xianju) for luteal support (D0). Embryo transfer on day 3.




2.2.2.2 Ovulation induction cycle

Start oral administration of letrozole (2.5 mg per tablet, Jiangsu Hengrui) at 2.5 mg to 5 mg once daily for 5 days starting from day 2 to day 5 of menstruation. Begin monitoring ovulation 5 days later. If two monitored follicles are ≤10 mm, add HMG 75-150 IU until the leading follicle diameter is ≥16 mm. Then start monitoring blood E2, P, and LH levels. Once natural ovulation occurs or if the follicle does not rupture but P exceeds 1 ng/ml, administer orally: 1. Dydrogesterone 10 mg three times daily (Duphaston, 10 mg per tablet, Abbott Biologicals B.V., Netherlands) 2. Progesterone capsules 200 mg twice daily (Yimaixin, 50 mg per tablet, Zhejiang Xianju) for luteal support (Day 0). Transfer on Day 5.




2.2.2.3 Artificial cycle

Start oral administration of estradiol valerate (Juvacon, 1 mg/tablet, Bayer France, DELPHARM Lille S.A.S.) or Femilon red tablets (each red tablet equivalent to 1 mg of estradiol valerate, Abbott Biologicals B.V., Netherlands) from the second to third day of menstruation. Once the endometrial thickness reaches ≥8 mm, administer progesterone injection 40 mg daily (20 mg/vial, Zhejiang Xianju) for luteal support (D0). Embryo transfer is performed on the D3.





2.2.3 Embryo transfer

D3 cleavage-stage embryos were considered viable for transfer if at least half of the blastomeres survived; embryos with more than half of the blastomeres degenerated were not transferred.



2.2.3.1 Control group

Embryos were thawed in the morning and transferred into the G2 medium culture dish for 2 hours before transfer.




2.2.3.2 Experimental group

Embryos were thawed the previous afternoon and cultured in G2 medium for 18–20 hours overnight, and the development status was observed the following morning before transfer.






2.3 Outcome measures



2.3.1 D3 embryo assessment

Grade I: Derived from normal fertilization, 8 cells of uniform size with ≤5% fragmentation; Day 2 (D2) embryo quality is Grade I or II, with 4 cells. Grade II: Derived from normal fertilization, 7–9 cells, with a cell count increase of more than 2 cells from D2, uniform or slightly uneven cell size, and ≤10% fragmentation; D2 embryo quality is Grade I or II. Grade III: ≥5 cells with a cell count increase of at least 2 cells from D2, moderate cell uniformity (≤++), and fragmentation between 5% and 50%. Grade IV: ≤4 cells, or severe cell size unevenness, with ≥50% fragmentation. Grades I and II are collectively classified as high-quality embryos; Grade III is classified as non-high-quality, and Grades I, II, and III are considered usable embryos.




2.3.2 Thawing and culture protocol

The cycles were grouped based on the timing of embryo thawing. The control group (470 cycles) involved thawing in the morning with embryo transfer approximately 2 hours later. The experimental group (570 cycles) underwent thawing in the afternoon of the previous day, followed by an 18–20 hour overnight culture prior to transfer. In the experimental group, embryos were further divided into three subgroups based on the number of blastomeres observed the next morning:

	Group A1: Embryos with more than 4 cells were assessed for further cleavage and developmental potential. For embryos entering the compaction stage, individual cell counts were not distinguishable due to the tightly packed arrangement of cells. In this study, compacted embryos were evaluated as part of the cleavage-stage developmental continuum, without being categorized separately. The primary focus was on assessing overall morphological development and clinical outcomes rather than subdividing specific morphological stages.

	Group A2: Embryos with 1–3 new blastomeres.

	Group A3: Embryos with no increase in blastomeres.






2.3.3 Other metrics and pregnancy determination

Post-Thaw Embryo Survival Rate: Number of surviving thawed embryos / total number of thawed embryos. Post-Thaw Intact Embryo Rate: Number of intact thawed embryos / total number of thawed embryos. Fourteen days post-transfer, blood hCG is measured, and clinical pregnancy is confirmed via ultrasound at 28 days if a gestational sac is observed. Clinical Pregnancy Rate: Number of clinical pregnancy cycles / total transfer cycles × 100%. Embryo Implantation Rate: Number of implanted embryos / total number of transferred embryos × 100%. Early Miscarriage Rate: Natural miscarriages within 12 weeks of gestation / number of clinical pregnancy cycles × 100%. Multiple Pregnancy Rate: Number of multiple pregnancies / number of clinical pregnancies × 100%.





2.4 Statistical methods

Data were analyzed using SPSS 25.0 software. Continuous variables were presented as mean ± standard deviation (x ± s) and analyzed with the t-test. Categorical variables were expressed as percentages (%) and analyzed with the χ² test. A p-value <0.05 was considered statistically significant. Binary logistic regression was conducted to assess the correlation between the increase in blastomere number and clinical pregnancy rate, with odds ratios (OR) and 95% confidence intervals (CI) calculated.





3 Results



3.1 Comparison of basic characteristics between the control and experimental groups

There were no statistically significant differences between the control and experimental groups in terms of the average age of the female participants, duration of infertility, body mass index (BMI), endometrial thickness on the day of embryo transfer, average number of embryos transferred, embryo survival rate and integrity after thawing, endometrial preparation protocol, and embryo morphology (P > 0.05), (Table 1).


Table 1 | Comparison of basic characteristics between the control and experimental groups.






3.2 Comparison of cinical outcomes between the control and experimental groups

In the experimental group (570 cycles), the clinical pregnancy rate was 40.20%, the embryo implantation rate was 26.40%, the early miscarriage rate was 18.80%, and the multiple pregnancy rate was 10.18%. In the control group (470 cycles), the clinical pregnancy rate was 37.20%, the embryo implantation rate was 24.90%, the early miscarriage rate was 13.10%, and the multiple pregnancy rate was 9.15%. The clinical pregnancy rate, implantation rate, early miscarriage rate, and multiple pregnancy rate were slightly higher in the experimental group compared to the control group, but the differences were not statistically significant (P > 0.05) (Table 2).


Table 2 | Comparison of clinical outcomes between the control and experimental groups.






3.3 Relationship between embryo development speed and clinical pregnancy outcomes in the pre-embolization thaw group

The results showed that there were no statistically significant differences in basic characteristics such as female age, duration of infertility, body mass index, endometrial thickness on the day of embryo transfer, and infertility type between the A1, A2, and A3 groups (P > 0.05). However, there were statistically significant differences between the groups in terms of average number of embryos transferred (P = 0.048), endometrial preparation protocol (P = 0.019), and embryo morphology (P = 0.00), while the difference in multiple pregnancy rates was not statistically significant (P > 0.05).

Regarding the clinical pregnancy rate, the A1, A2, and A3 groups had rates of 44.2%, 29.8%, and 25.5%, respectively, with significant differences between the three groups (P = 0.003). Further pairwise comparisons showed that the differences in clinical pregnancy rates between the A1 and A2 groups (χ2 = 6.613, p = 0.01) and between the A1 and A3 groups (χ2 = 6.559, P = 0.01) were statistically significant, but the difference between the A2 and A3 groups was not significant (χ2 = 0.301, P = 0.583).

For embryo implantation rates, the A1, A2, and A3 groups had rates of 29.3%, 18.3%, and 17.9%, respectively, with significant differences between the three groups (P = 0.002). Further pairwise comparisons revealed that the differences in implantation rates between the A1 and A2 groups (χ2 = 8.859, P = 0.003) and between the A1 and A3 groups (χ2 = 5.442, P = 0.02) were statistically significant, while the difference between the A2 and A3 groups was not significant (χ2 = 0.008, P = 0.929).

As for early miscarriage rates, the A1, A2, and A3 groups had rates of 18.6%, 10.7%, and 38.5%, respectively, with no statistically significant differences between the three groups (P = 0.129). Pairwise comparisons showed that there were no significant differences in early miscarriage rates between the A1 and A2 groups, and between the A1 and A3 groups (P > 0.05), but the difference between the A2 and A3 groups was statistically significant (χ2 = 4.352, P= 0.037) (Table 3).


Table 3 | Relationship between embryo development speed and clinical pregnancy outcomes in the pre-embolization thaw group.






3.4 Multivariate logistic regression analysis of factors influencing clinical pregnancy in the experimental group

In the multivariate logistic regression analysis, female age and endometrial thickness were found to have a significant impact on clinical pregnancy. Increasing female age significantly decreased the likelihood of pregnancy (OR = 0.892, P = 0.000), while higher endometrial thickness significantly increased the pregnancy rate (OR = 1.174, P = 0.002). Other factors, such as duration of infertility, body mass index (BMI), number of embryos transferred, endometrial preparation protocol, and embryo morphology (good or poor quality), did not show a significant impact on clinical pregnancy (Table 4).


Table 4 | Multivariate logistic regression analysis of factors influencing clinical pregnancy in the experimental group.







4 Discussion

Optimizing embryo freezing, thawing, and transfer protocols is crucial for improving clinical outcomes in frozen embryo transfer (FET). The in vitro culture t duration of D3 cleavage-stage embryos post-thawing influences cryoprotectant removal, developmental potential, and activation. However, the optimal parameters for this process remain undetermined. Some studies suggest that pre-thawing and overnight culture of D3 cleavage-stage embryos do not significantly increase implantation or clinical pregnancy rates (9, 10). Conversely, other studies propose that restoring embryo developmental potential requires mitotic recovery, which may necessitate a longer duration, and that overnight culture could improve clinical pregnancy outcomes (11, 12). Our findings indicate that, compared to the same-day thawing group, overnight culture of D3 embryos post-thawing did not significantly enhance clinical pregnancy or implantation rates, nor did it affect early miscarriage or multiple pregnancy rates.

This outcome may be attributed to the restoration of amino acid metabolism to pre-freezing levels within the first hour after embryo thawing. In FET cycles, embryos typically recover within 2 to 3 hours post-thawing and subsequently develop normally. Thus, prolonging in vitro culture duration did not significantly impact embryo quality (13, 14). Moreover, prolonged in vitro culture may negatively affect embryos. Research indicates that an imbalance between reactive oxygen species (ROS) and antioxidants, resulting in oxidative stress (OS), is a critical factor influencing assisted reproductive technology (ART) outcomes (15). External factors, including oxygen levels, CO2 concentration, and temperature, may trigger excessive ROS production, compromising embryonic cell functions and ultimately impairing embryo development and quality. Prolonged in vitro culture time may also impair the embryo’s DNA repair mechanisms. While the in vitro environment partially replicates conditions within the fallopian tube and uterus, the in vivo setting remains more favorable for embryo development. Thus, timely embryo-maternal interaction may better support embryo development and enhance endometrial receptivity.

Although this study did not demonstrate that overnight culture improved FET clinical pregnancy outcomes for D3 embryos, an extended culture period of 18-20 hours led to more than 90% of embryos exhibiting varying degrees of cleavage ball proliferation. In the experimental group, embryos displaying an increase of ≥4 cleavage balls had higher clinical pregnancy and implantation rates, along with a significantly lower early miscarriage rate compared to embryos without cleavage ball proliferation. This finding suggests that embryos with restored cleavage ball division may possess greater developmental potential and higher pregnancy success rates. Previous studies suggest that embryos with at least two cleavage balls restored after overnight culture are more likely to achieve favorable clinical pregnancy outcomes (13). Following D3 embryo thawing, overnight culture Following survival rate, mitotic recovery, cleavage ball number, symmetry, and fragmentation, aiding in the assessment of developmental potential and prediction of FET outcomes (16). An increase in cleavage ball count indicates greater embryonic developmental potential, making embryo selection based on this criterion beneficial for enhancing clinical pregnancy and implantation rates while reducing early miscarriage rates (17). Embryos failing to exhibit cleavage ball proliferation post-thawing often present chromosomal abnormalities, with only a 20% likelihood of normal chromosomal composition. The transfer of such embryos may result in implantation failure or early miscarriage (18).

A study on the transfer of frozen embryos thawed on Day 2 and Day 3 showed that for embryos frozen on Day 2, there was no statistically significant difference in implantation rate, clinical pregnancy rate, or live birth rate between immediate transfer after thawing and transfer after overnight culture to Day 3 (19). Our study similarly found that for cleavage-stage embryos frozen on Day 3, whether they were transferred immediately after thawing or after overnight culture, there was no statistically significant difference in clinical pregnancy outcomes. This suggests that extending the in vitro culture time in frozen-thawed embryo transfer (FET) cycles may not significantly improve pregnancy outcomes, and the optimal timing of embryo transfer should be determined based on individualized clinical factors.

Furthermore, in FET cycles, blastocyst transfer is generally associated with higher clinical pregnancy and live birth rates compared to cleavage-stage embryo transfer (20). However, blastocyst transfer has also been linked to an increased incidence of pregnancy-induced hypertension, placental abnormalities, perinatal mortality, preterm birth, and large-for-gestational-age infants (21). A potential mechanism for these adverse effects is that prolonged in vitro culture alters the epigenetic programming of the embryo due to changes in culture medium composition and oxygen tension, potentially impacting neonatal outcomes. Additionally, during assisted reproductive technology (ART) procedures, suboptimal culture conditions may prevent some genetically normal embryos from developing into blastocysts. Consequently, extended culture may lead to the loss of potentially viable embryos that could have been cryopreserved and used clinically.

This study offers a novel perspective by analyzing the clinical outcomes of Day 3 cleavage-stage embryos cultured overnight (to Day 4) after thawing. While previous studies have shown that Day 4 morula-stage embryos have higher implantation potential than embryos transferred immediately after thawing, our findings add depth by identifying subgroups based on blastomere division during overnight culture. Embryos with ≥4 divisions showed better clinical pregnancy rates and lower miscarriage rates, emphasizing the value of morphological assessment. Although some studies report no significant differences between short-term and long-term culture (8, 10), our results align with research indicating that extended culture enhances embryo selection by identifying those with greater developmental potential (16).

In this study, the correlation between factors such as female age, duration of infertility, and endometrial thickness with clinical pregnancy rate was analyzed. Previous studies have pointed out that factors such as female age, endometrial thickness on the day of transfer, body mass index (BMI), and the number of embryos transferred can all influence the outcomes of FET (22). The results of this study suggest that female age is negatively correlated with clinical pregnancy rate. As age increases, the probability of embryo-endometrial synchrony decreases, the likelihood of chromosomal abnormalities in the embryos increases, and the clinical pregnancy rate decreases. Endometrial thickness is a commonly used indicator for predicting endometrial receptivity. Studies have shown that in FET cycles, when the endometrial thickness is less than 7mm, the clinical pregnancy rate and live birth rate significantly decrease (23). Infertility duration, endometrial thickness and number of embryos transferred might affect the live birth rate after frozen embryo transfer among young women. This result could help inform clinical decisions and counseling to increase the live birth rate after frozen embryo transfer among young women (24). Therefore, although endometrial thickness has some impact on FET outcomes, its role in different age groups still requires further research.

This study has several limitations. First, its retrospective design and single-center setting may introduce selection bias and limit generalizability. Second, some confounding variables, such as embryo genomic stability and hormone levels, were not fully controlled, which could influence the results. Third, grouping embryos based on blastomere division provided useful insights but was somewhat subjective and did not fully assess long-term developmental potential. Additionally, the study lacked long-term follow-up data, leaving the extended impact of embryo thawing and culture on pregnancy outcomes unexamined. Lastly, compacted embryos were included in the cleavage-stage analysis without separate classification to focus on overall developmental potential and clinical outcomes. While the compaction stage could provide additional insights, this study aimed to evaluate the broader implications of extended culture. Future research should consider detailed classifications to explore this further.

In conclusion, this study indicates that D3 embryos with an increase in the number of blastomeres to more than four or entering the compaction stage after overnight culture have better pregnancy outcomes. Female age and endometrial thickness are important factors influencing clinical pregnancy rates. Optimizing culture conditions and ensuring optimal endometrial thickness may help improve the success rate of frozen-thawed embryo transfer.
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