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Background

The scoring system for human blastocysts is traditionally based on morphology; however, there are controversies on the effect of morphology parameters on pregnancy outcomes. The aim of this study is to evaluate the predicting value of each morphology parameter on pregnancy outcomes in a setting of single embryo transfer.



Methods

This is a retrospective cohort study on patients undergoing frozen-thawed single blastocyst transfer at our center, between Jan. 2009 and Dec. 2018. A total of 10,482 cycles were analyzed. The blastocysts were scored according to the expansion and hatching status, morphology of inner cell mass (ICM), and cells of trophectoderm (TE). The primary outcome measure was live birth rate. One-way analysis of variance, chi-square test, and multiple logistic regression were used for statistical analysis.



Results

The clinical pregnancy rate was lower in the blastocysts of stage 3 (48.15%), compared with those of stage 4 (56.15%), stage 5 (54.91%), and stage 6 (53.37%). The live birth rate was lower in the blastocysts of stage 3 (37.07%), compared with those of stage 4 (44.21%) and stage 5 (41.67%). The rates of clinical pregnancy (A: 66.60%, B: 53.25%, C: 39.33%) and live birth (A: 54.62%, B: 41.29%, C: 28.45%) were both decreased with decreasing grade of ICM morphology, and these differences were pairwise significant. The miscarriage rate of blastocysts with ICM grade A was lower, compared with ICM grade C (17.53 vs. 27.66%). Blastocysts with TE morphology of C had lower rates of clinical pregnancy (43.53%) and live birth (32.57%), compared with those with TE morphology of A and B (clinical pregnancy rate: 64.26% for A, 58.11% for B; live birth rate: 52.74% for A, 45.64% for B). There were no significant differences in rates of clinical pregnancy, live birth, and miscarriage between the blastocysts with TE grade A and B.



Conclusions

The blastocyst expansion stage, ICM grade, and TE grade are all associated with pregnancy outcomes. ICM grade is the strongest predictor of live birth. A blastocyst with stage 4–5, ICM grade A, and TE grade A/B should be given priority for single embryo transfer.
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Introduction

In Vitro Fertilization (IVF) is an effective treatment for infertility, and has been widely used in the past decades. With the progress of embryo culture and vitrification, surplus blastocysts can be used by frozen-thawed embryo transfer (FET). In order to achieve a higher pregnancy rate, multiple embryos were routinely transferred; however, this practice resulted in multifetal pregnancies. Previous studies have reported increased risks of adverse maternal and perinatal consequences in multifetal pregnancies (1, 2). Therefore, single embryo transfer (SET) is advocated, aiming to promote singleton gestation and reduce the number of multiple pregnancies (3). Accordingly, there is a growing use of SET in China.

There are two basic techniques for cryopreservation of embryos: the slow freezing and vitrification. Vitrification has been demonstrated to result in a higher survival rate of embryos, and increased clinical pregnancy rate (CPR) and live birth rate (LBR) (4). With this progress in cryopreservation techniques, FET can yield similar or even better pregnancy and live birth rates compared with fresh transfer today (5, 6). It has been hypothesized that supra-physiological conditions in fresh cycles may affect endometrial receptivity, and impair the implantation. In contrast, FET provides a more favorable intrauterine environment for the attachment, implantation, and placentation of embryos. In addition, FET does not increase the risks of obstetric and neonatal complications (7).

Improved culture conditions allow embryos to be extendedly cultured to blastocyst stage. Blastocyst transfer improves pregnancy outcomes, and therefore has been widely used by many IVF centers. Previous studies comparing day 5 and day 6 blastocysts reported conflicting results. Some studies indicated comparable CPR and LBR between blastocysts of day 5 and day 6 (8, 9). However, more recent studies showed higher CPR and LBR after transfer with day 5 blastocysts (10, 11). It is the consensus that day 5 and 6 blastocysts have a better prognosis for pregnancy compared with delayed blastocysts (day 7 or 8) (12, 13). Embryo selection is crucial to achieving pregnancy. The increasing use of SET further highlights the need for an effective method in identifying the best embryos. In embryo assessment, the blastocyst scoring system based on morphology is traditionally used (14). Briefly, this method includes three morphological features: the blastocyst expansion and hatching stage, size and compactness of the inner cell mass (ICM), and cohesiveness and number of cells of the trophectoderm (TE). However, there is no consensus on the predicting value of each parameter. Furthermore, previous studies reported conflicting results on which parameter was the strongest predictor. Some studies showed that ICM grade had the best predicting effect (15–17), while the others indicated that expansion stage and TE grade were stronger predictors (18–20).

Since relatively late start of SET, it lacks clinical evidence on pregnancy outcomes after SET in Chinese population. Moreover, there is a need for further knowledge of the association between blastocyst morphology and pregnancy outcomes. The object of this study is to evaluate the effect of each morphology parameter on pregnancy outcomes after SET.



Materials and Methods


Study Population

This is a retrospective cohort study on patients undergoing FET at our center, between Jan. 2009 and Dec. 2018. All the cycles were transferred with a single frozen-thawed blastocyst. The cycles of patients with reproductive malformation, donation of oocytes, and preimplantation genetic testing (PGT) were excluded. This study was approved by the Institution Review Board (IRB) of Tongji Hospital. All patients gave the written informed consent for their clinical records to be used in research. Patient information was anonymized before analysis.



Clinical Protocols

The down-regulation methods included the depot GnRH-a, daily GnRH-a, and GnRH-antagonist protocols. The ovarian stimulation was initiated with recombinant FSH (Gonal-F, Merck Serono, Switzerland) 112.5-225 IU subcutaneously (SC). The starting dose of recombinant FSH was based on the age, AFC, AMH, FSH, body mass index (BMI), and treatment history. Follicle development was monitored using transvaginal ultrasound scan, as well as serum estradiol (E2), progesterone, and LH level. Recombinant hCG (Ovidrel, Merck Serono, Switzerland) 0.25 mg SC was administered when at least two follicles reached a diameter of ≥18 mm. After 36–38 h, oocytes were retrieved.



In Vitro Fertilization

Sequential culture media were used for oocyte and embryo culture. From 2009 to 2017, the oocytes were incubated in G-IVF medium (Vitrolife, Sweden). From 2018 onwards, both G-IVF medium and FM (Cook, Australia) were used. The oocytes were inseminated 3–4 h after retrieval. Fertilization was checked 16–18 h after insemination. The presence of two pronuclei was defined as normal fertilization. From 2009 to 2017, fertilized oocytes were continuously cultured in G1 medium (Vitrolife, Sweden) till day 3 of development. From 2018 onwards, CM (Cook, Australia) was also used. Morphological evaluation of the cleavage stage embryos was performed on day 2 and day 3 based on the number of blastomeres, the percentage of cytoplasmic fragmentation, the equality and multinucleation of blastomeres, and early compaction.



Blastocyst Culture and Grading

From 2009 to 2017, G2 medium (Vitrolife, Sweden) was used for blastocyst culture. From 2018 onwards, both G2 medium and BM (Cook, Australia) were used. In 2009, the incubators were CO2 incubator C200 (Labotect, Germany) with control of CO2 (6%). From 2010 onward, they were replaced with the CO2 incubator C60 (Labotect, Germany) and K-MINC-1000 (Cook, Australia) with control of CO2 (6%), O2 (5%), and N2 (89%). Embryos were further cultured at 37°C till day 5 or 6, and very few blastocysts were cultured to day 7.

Blastocysts were scored by at least two experienced embryologists, using Gardner and Schoolcraft’s grading system (21). Mainly, three morphological parameters were evaluated: the expansion stage, ICM grade, and TE grade. In this study, expansion stage was graded into four degrees: 3, a full blastocyst with a blastocoele completely filling the embryo; 4, an expanded blastocyst with a blastocoele larger than that of the full blastocyst, and with a thinning zona pellucida; 5, a hatching blastocyst escaping from the zona pellucida; and 6, a hatched blastocyst that has completely escaped from the zona pellucida. ICM was graded into three degrees: A, many tightly packed cells; B, many loosely grouped cells; and C, very few cells. TE was graded into three degrees: A, many cells forming a cohesive epithelium; B, few cells forming a loose epithelium; and C, very few cells. To maintain standardized evaluation, following measures were employed: (1) Embryologists responsible for embryo grading were rigorously trained, qualified, and experienced. An identical atlas of blastocysts with different morphology parameters was provided to all the embryologists. In this study, six experienced embryologists scored the blastocysts. (2) At least two operators scored each blastocyst simultaneously. If it was difficult to give an identical score, a supervisor would provide his/her opinion. (3) Our center has obtained the ISO9001 certification for quality assessment. Blastocyst scoring was followed by ISO9001-Standard Operation Protocol (SOP) files. (4) For quality management, annual external audit and monthly internal examination were employed. In addition, images of confusing embryos were analyzed by all the staff in a weekly held discussion.



Blastocyst Vitrification and Warming

Vitrification has been used from 2009 onwards at our center. Embryos were vitrified within 2 h after scoring. The grade of blastocyst scored before vitrification was used for statistical analysis in this study. Before vitrification, laser treatment was used to induce shrinkage of fully expanded blastocysts. The entire vitrification procedure was performed at room temperature (22–25°C). Embryos were equilibrated in 7.5% ethylene glycol and 7.5% dimethylsulphoxide (DMSO) for 5–10 min. Then embryos were brought into vitrification medium with 15% ethylene glycol, 15% DMSO, and 0.5 mol/L sucrose, and then loaded onto the surface of the Cryotop within 40–60 s. Then embryos were submerged in liquid nitrogen immediately.

Embryos were warmed on the day of transfer at room temperature (22–25°C). They were transferred to warming solution 1 (containing 1.0 mol/L sucrose) for 1 min, followed by 3 min in warming solution 2 (containing 0.5 mol/L sucrose) and then washed twice in basal medium (washing solution 1 and 2) for 5 min each. Warmed embryos were then cultured for at least 2 h before post-warming evaluation. The temperature of warming solution 1, washing solution 2, and culture media were controlled at 37°C. After warming, blastocysts were checked for survival under the inverted microscope. Most of the blastocysts showed a significant re-expansion. Re-expanded blastocysts were scored with the same grading system (Gardner and Schoolcraft’s). After post-warming evaluation, blastocysts were transferred immediately. For surviving blastocysts without significant re-expansion, transfers were performed after obtaining informed consent from patients



Endometrial Preparation

There were four methods for endometrial preparation. (1) Natural cycle (NC): serial trans-vaginal ultrasound scans were performed till the endometrial thickness reached ≥8 mm or approximated the level in the stimulated cycle. The timing of ovulation was estimated by a combined analysis of ultrasound, the LH level and the P level. The luteal phase support was begun from the day of transfer by administering 40 mg/d of progesterone. (2) Cycle with ovulation induction: Letrozole tablets (FURUI, Hengrui, China) 5.0 mg was administrated on days 5–9, serial ultrasound scans were performed from day 12. The following course was similar to the NC method. (3) Artificial cycle (AC): Estradiol valerate tablets (PROGYNOVA, Bayer, Germany) was administrated at 2 mg/d on days 1–4, 4 mg/d on days 5–8, and 6 mg/d on days 9–12. Serial ultrasound scans were initiated from day 10 to 12. The estrogen dosage was adjusted based on the endometrial thickness. When the endometrial thickness reached ≥8 mm or approximated the level in the stimulated cycle, progesterone was used to transform the endometrium. Blastocyst transfer was performed 5–7 days after transformation. The duration of transformation was based on the day of blastocyst development. The luteal phase support was begun from the day of transfer with the administration of 40 mg/d of progesterone. (4) Down-regulation combined with AC method: a long-acting GnRH-a agent, leuprorelin acetate (BEIYI, Lizhu, China) 3.75 mg was subcutaneously administered on the second day of menstruation. Oral estrogen was administrated on the 28th day after leuprorelin injection. The following course was similar to the AC method.



Outcome Measures

The primary outcome measure was the live birth rate (LBR). A live birth was defined as a successful delivery of a live baby after 28 gestational weeks (22). Secondary outcome measures included clinical pregnancy rate (CPR), miscarriage rate, ectopic pregnancy rate, and monozygotic twin pregnancy. A clinical pregnancy was defined as a positive serum β-hCG 14 days after transfer, and a gestational sac can be documented by ultrasound 28–35 days after transfer. The miscarriage rate was defined as the number of clinical pregnancy losses divided by the number of clinical pregnancies (23). There were 27 patients of vanishing twin syndrome (VTS) in this study. VTS is a phenomenon of losing one of the two monozygotic embryos/fetuses, resulting in a singleton delivery. In this study, VTS was not considered as a clinical pregnancy loss. Therefore, they were counted only as live births.



Statistical Analysis

SAS 9.2 (SAS Inc., Cary, USA) was used for statistical analysis. Numeric data were given as mean ± SD. Categorical variables were presented as number (percentage). In univariate analyses, one-way analysis of variance (ANOVA) and chi-square test were performed appropriately. Multiple logistic regression models were used to adjust for confounding factors, and to evaluate the association between each morphological parameters and pregnancy outcomes. A P value <0.05 was considered as statistically significant.




Results

A total of 10,482 SET cycles were performed, resulting in 5,680 (54.19%) clinical pregnancies and 4,429 (42.25%) live birth deliveries. The demographic and clinical features are shown in Table 1, according to the live birth. There were significant differences in the age at transfer, type of infertility, IVF indications, AFC, method of down-regulation, serum E2 on the day of hCG, endometrial thickness at transfer, number of oocytes retrieved, day of blastocyst development, elective transfer or not, blastocyst expansion stage, grade of ICM morphology, and grade of TE morphology between the cycles which achieved a live birth and those did not. The BMI, duration of infertility, basal FSH, fertilization method, and endometrium preparation were comparable between the two groups. Figure 1A shows the pregnancy outcomes according to the age at transfer. The LBR in the patients with the age of 35–40 (34.83%) and age of >40 (17.83%) were lower than those with the age of <25, 25–30, and 30–35 (49.88, 47.76, and 45.29%, respectively). Similarly, the patients with the age of 35–40 (48.04%) and >40 (37.05%) had lower CPR than those with the age of <25, 25–30, and 30–35 (60.19, 59.02, and 55.98%, respectively). On the contrary, the miscarriage rates were higher in the patients with the age of 35–40 (27.29%) and >40 (50.38%), in comparison to those with the age of <25, 25–30, and 30–35 (15.94, 18.88, 19.05%, respectively).


Table 1 | Demographic and clinical features according to the live birth.






Figure 1 | Pregnancy outcomes of the patients. (A) according to the age; (B) according to the blastocyst expansion stage; (C) according to the ICM grade; (D) according to the TE grade. ICM: inner cell mass; TE: trophectoderm; *: significant different.



Table S2 shows the LBR of blastocyst with different composite morphology of ICM and TE. When compared with blastocysts of BB (45.64%), blastocysts of AA (55.21%) and AB (53.80%) had higher LBR, while blastocysts of BC (32.37%), CB (27.70%), and CC (21.43%) had lower LBR. The LBR of blastocysts of AC (58.06%), BA (49.59%), and CA (50.00%) were similar to blastocysts of BB.

Table 2 and Figure 1B show the pregnancy outcomes according to the blastocyst expansion stage. The CPR was lower in the blastocysts of stage 3 (48.15%), compared with those of stage 4 (56.15%, P = 0.015), stage 5 (54.91%, P = 0.022), and stage 6 (53.37%, P = 0.036). The LBR was lower in the blastocysts of stage 3 (37.07%), compared with those of stage 4 (44.21%, P = 0.011) and stage 5 (41.67%, P = 0.029). The rates of miscarriage, ectopic pregnancy, monozygotic twin pregnancy were comparable among the four groups.


Table 2 | Pregnancy outcomes according to the blastocyst expansion stage.



The pregnancy outcomes according to the grade of ICM are shown in Table 3 and Figure 1C. The CPR (A: 66.60%, B: 53.25%, C: 39.33%; A vs. B: P < 0.001, A vs. C: P < 0.001, and B vs. C: P < 0.001) and LBR (A: 54.62%, B: 41.29%, C: 28.45%; A vs. B: P < 0.001, A vs. C: P < 0.001, and B vs. C: P < 0.001) were both decreased with decreasing grade of ICM morphology, and these differences were pairwise significant. The miscarriage rate of blastocysts with ICM grade A was lower than ICM grade C (17.53 vs. 27.66%, P = 0.023). No differences were found in rates of ectopic pregnancy and monozygotic twin pregnancy.


Table 3 | Pregnancy outcomes according to the ICM grade.



Table 4 and Figure 1D illustrate the pregnancy outcomes as a function of TE. Blastocysts with TE morphology of C had a lower CPR (C: 43.53%, A: 64.26%, B: 58.11%; C vs. A: P = 0.003, C vs. B: P < 0.001) and a lower LBR (C: 32.57%, A: 52.74%, B: 45.64%; C vs. A: P < 0.001, C vs. B: P < 0.001), compared with those with TE morphology of A and B. The CPR and LBR were comparable between the group of TE grade A and B. No differences were found in rates of miscarriage, ectopic pregnancy, and monozygotic twin pregnancy. The details of the multiple logistics regression model for live birth are shown in Table 5.


Table 4 | Pregnancy outcomes according to the TE grade.




Table 5 | The results of the multiple logistics regression model for live birth.





Discussion

In this study, we evaluated the association between the three morphology parameters of blastocyst and pregnancy outcomes. We found that the expansion stage, ICM grade, and TE grade were all independent predictors of live birth and clinical pregnancy. The ICM grade was the strongest characteristic in predicting live birth.

The scoring system according to morphology is the most commonly used method for human blastocyst assessment (21). SET serves as an ideal model for analyzing the predicting value of each morphology parameter on pregnancy outcomes. Previous studies have indicated that the expansion stage predicts clinical pregnancy and/or live birth (24–26). Our study is generally in agreement with them. The CPR and LBR were both lower in blastocysts of stage 3 than those of stages 4–5. There are extensive morphology change and energy utilization during the expansion and hatching of a blastocyst (27, 28). Therefore, the expansion stage reflects the viability of a blastocyst. TE has also been reported as an effective predictor of pregnancy outcomes (24, 25). We found a lower CPR and a lower LBR in blastocysts with TE grade C, compared with those with A and B. TE is destined to become the placenta. TE grade is a reflection of the potential to attach, invade, and implant into the endometrium. Therefore, it is not surprising that TE grade predicts the probability of pregnancy and live birth. In addition, TE morphology is possibly associated with blastocyst aneuploidy and mosaicism (29).

There is a continuing debate over the most important morphological characteristic in embryo assessment. Previous studies suggested that TE morphology and embryo stage were better predictors of live birth (20, 25), but our study indicates that ICM grade has the most significant predicting effect. From the aspect of statistical calculation, when the live birth was set as the dependent variable, the multiple logistic regression showed that the absolute values of standardized estimate of ICM grades A and B were 0.0169 and 0.0325, respectively. They are larger than those of TE grade A and C (0.0069 and 0.0083, respectively). Therefore, ICM has a stronger effect on the outcome of the model than TE (Table S1). From the aspect of clinical application, the LBR increased with the increasing of the score of ICM (A: 54.62%, B: 41.29%, C: 28.45%), and these differences were pairwise significant. The blastocysts with TE grade C (32.57%) yielded a lower LBR, compared with those of TE grade A and B, but there was no difference in LBR between the blastocysts of TE grade A (52.74%) and B (45.64%). The ICM is destined to become the fetus, and therefore reflects the viability of the blastocyst. Surprisingly, many studies found that ICM was not associated with the likelihood of pregnancy or live birth (20, 30). The rationale of this discrepancy is possibly attributed to methodological heterogeneity among studies, especially in study population, clinical and laboratory practice, and analysis method. Firstly, there are significant differences in distribution of blastocysts with different morphology grades. Some studies were of small sample size, and included very few or even no blastocysts with ICM grade C. Therefore, the effect of ICM grade may be underestimated in these studies. Secondly, some studies employed fresh embryo transfer. Several factors may confound their results, such as ovarian stimulation, altered implantation window by supra-physiologic hormone level. Thirdly, the culture conditions were different among studies, such as culture media, incubator, and gas tension. Vitrolife Sequential was the most popularly used culture media, while other culture media were also used, such as Cook Sequential and Quinn’s advantage, with or without supplement. A recent large study found an impact of culture medium on pregnancy outcomes (31). There was also a significant difference in the type of incubator among studies. In addition, some studies did not provide the details of their culture conditions. The laboratory techniques have been significantly updated in recent years. The results from old studies, such as those using slow freezing, might be less meaningful. Some studies used multiple blastocysts transfer. Obviously, results based on SET are more reliable. Finally, several centers performed modifications to the Gardner and Schoolcraft’s evaluation system according to their own conditions and habits. Together with the present study, the predicting value of ICM was confirmed by more recent studies with large sample size and sufficient number of blastocysts with ICM grade C (15, 17, 32). ICM also reflects the potential to maintain the pregnancy. Van den Abbeel et al. found a lower risk of pregnancy loss in blastocysts with ICM grade A (33). Shi et al. reported that ICM grade predicted the risk of miscarriage in both euploidy and aneuploidy blastocysts (34). Similarly, we found a higher risk of miscarriage in blastocysts with ICM grade C compared to those with ICM grade A.

Besides morphological parameters, several factors may also have an impact on pregnancy outcomes. Firstly, previous studies showed that ICSI resulted in similar or lower CPR and LBR in patients with normal sperm, compared with IVF (35, 36). Of note, these results were from fresh transfer cycles. Our result indicates that fertilization method has no significant effect on pregnancy outcomes in frozen transfer cycles. An ongoing RCT is being performed to compare the efficacy of ICSI and IVF. Its primary endpoint is live birth of the first embryo transfer after IVF/ICSI, including both fresh and frozen transfer (37). Secondly, our previous study showed the endometrial preparation protocol of AC had a higher LBR, compared with NC protocol (38). Since the advantages in success rate and treatment programming, we used AC method in the most of FET cycles. In this study, the type of endometrial preparation had no significant effect on pregnancy outcomes. The rationale is that most of the cycles employed AC protocol (85.7%). Thirdly, previous studies have demonstrated a higher LBR after transfer with day 5 blastocyst, compared with day 6 blastocyst. Embryos reaching blastocyst stage on day 7 or 8 are of delayed development, and have worse prognosis for implantation and pregnancy (13). Our data is in line with this result. In this study, 59.1% of blastocysts were vitrified on day 5, 40.2% of them were vitrified on day 6, and only 0.7% of them were vitrified on day 7. The day of blastocyst development was an independent predictor of live birth.

The implication for practice of this study is that it provides a non-invasive, convenient, economic, and effective embryo selection strategy for SET. Based on the results of this study, we propose that a blastocyst with stage 4–5, ICM grade A, and TE grade A/B should be given priority for SET. In addition, a blastocyst with ICM grade B is also acceptable. Our results can also help clinicians in patient counseling. Both doctors and patients often face the dilemma that a low-quality blastocyst should be used or discarded. The present study suggests that careful explanation should be provided before transfer with a blastocyst with stage 3, ICM morphology of C, or TE morphology of C, because of its limited potential for pregnancy and live birth. Blastocysts with ICM grade C had a higher risk of miscarriage. Therefore, for patients planning to use this type of blastocysts, clinicians should inform them in details about the risks, especially for patients with inherent potential for pregnancy loss (e.g. recurrent spontaneous abortion, uterine malformation, and cervical insufficiency) and patients who are more vulnerable to miscarriage (e.g. intrauterine adhesion and mental disorder).

The implication for research is that this study suggests a need for studies on SET with PGT-A on this issue. PGT-A is a novel technique, which can help embryo selection. However, the clinical data from SET with PGT-A is rare. Boynukalin et al. found a higher LBR in blastocysts with ICM grade of A or B (17). Of note, the patients of their study are not general population. Their indications for PGT-A were advanced maternal age, repeated implantation failure, recurrent miscarriage, and combined indications. Nazem et al. found a higher likelihood of ongoing pregnancy/live birth in blastocysts with ICM grade of A, and TE grade of A or B, which is similar to our finding (32). Shi et al. examined the chorionic villi of miscarried conceptuses, and found that ICM grade was associated with the occurrence of aneuploidy. Their sample size is small (91 cases of euploidy and 83 cases of aneuploidy) (34). Since PGT-A is not performed in patients with normal chromosomal karyotype at our center, the cycles analyzed in this study is all without PGT-A. However, the result was generally in agreement with previous studies with PGT-A, highlighting the importance of ICM grade. The possible rationale is that the large sample size of this study and adjustment with multiple regression analysis reduce the impact of aneuploidy/mosaic on pregnancy outcomes.

The strength of this study is its large sample size. Over 10,000 SET cycles were analyzed. There were several limitations in this study. Firstly, selection bias and confounders may affect the result, because of the retrospective nature; nevertheless, multivariate logistic regression was used to adjust for their potential effects. Secondly, there were some modifications during the inclusion period, such as culture media, incubators, and gas tension; however, the general culture conditions were stable, as monitored by our quality management. Thirdly, morphological grading is a subjective tool, where interpersonal variation may contribute to the outcome; nevertheless, measures were performed to maintain standardized scoring. Only the grades scored before vitrification were used for statistical analysis in this study. Additionally, the numbers of blastocysts with ICM/TE morphology of C are relatively low, resulting in unbalanced subgroups. Finally, the cycles were without PGT-A. The effect of embryo aneuploidy and mosaicism on pregnancy outcomes cannot be ruled out. A further prospective study with PGT-A can be performed to confirm our findings.

In conclusion, blastocyst expansion stage, ICM grade, and TE grade are all associated with pregnancy outcomes after SET. ICM grade is the strongest predictor of live birth. A blastocyst with stage 4–5, ICM grade A, and TE grade A/B should be given priority for SET.
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