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Abstract
Introduction The purpose of this study was to evaluate whether the blastocyst morphologic grading and the protocol of controlled ovarian stimulation (COS)
would in�uence effect estimates, aiming to provide guidance when choosing blastocyst transfer.

Methods The clinical data of 612 patients who received single fresh blastocyst transplantation for �rst cycle, as well as the data of 253 patients who had
already delivered were analyzed retrospectively. The patients were divided into two groups according to blastocyst formation time (D5 or D6). The following
subgroup analyses were performed: (i) the morphologic grading of blastocyst. and (ii) the protocol of COS.

Results We observed that D5 single embryo transfer (SET) were associated with higher clinical pregnancy rate (CPR, 59.04% VS 31.73%) and live birth rate
(LBR, 43.90% VS 24.04%) than D6 SET following fresh cycle. Patients in D5 group experienced more good blastocysts transfer (45.47% VS 13.46%) and less
poor blastocysts transfer (9.64% VS 45.19%) than patients in D6 group. As to early stage and good quality blastocysts, the CPR and LBR were similar between
D5 and D6 group. GnRHa antagonist protocol had a demonstrable inferiority comparing with the GnRHa follicular or luteal phase protocol with regard to the
CPR and LBR in D6-SET group.

Conclusions The analysis found that ovarian reserve of patients in D6-SET group was comparatively worse than that of patients in D5-SET group and D6-SET
patients represented a subgroup of infertility patients usually having relatively poor embryo quality. 

Introduction
With gradual improvement in in vitro embryo culture systems, blastocyst has many advantages as it contains a re-screening process, therefore implantation
rate may be higher after blastocyst transplantation, and the rate of live births could thus be increased. As the main goal of IVF is the birth of a single healthy
child, single embryo transfer (SET), either elective or mandatory, has become the major strategy in many IVF centers since it could reduce the rate of multiple
pregnancies which are known to be associated with adverse maternal and neonatal outcomes [1, 2, 3, 4] .

Blastocyst development rate is not consistent for in vitro development. Embryos that are cultured in vitro usually develop to the blastocyst stage 5 days after
fertilization, but slower embryos can achieve blastulation on Day 6 or even later [5, 6, 7]. The meta-analysis conducted by Bourdon M et al concluded that CPR
and LBR after D5 blastocyst transfers were signi�cantly higher when compared with D6 embryos in either fresh or frozen-vitri�ed ET cycles [8]. Up to now, few
studies have focused on whether the blastocyst morphologic grading would in�uence clinical outcomes following fresh blastocyst transfers. The few studies
to date which have attempted to analyze the downstream fetal effects of each morphologic characteristic individually have been focused on frozen
blastocysts [9, 10]. High-quality SBT is increasingly recommended to patients because of its acceptable pregnancy outcomes and signi�cantly reduced
multiple pregnancy rate compared to double blastocyst transfer (DBT) [11]. Nevertheless, there is no consensus on whether this transfer strategy is suitable for
different COS protocols. To our knowledge, fewer studies comparing outcomes of D5 versus D6 SET in fresh cycles according to embryo quality (with the
Gardner morphological analysis) or COS protocol are available. Therefore, this study aimed to explore the effects of blastocyst development speed,
morphology and COS protocols on pregnancy and neonatal outcomes during the fresh SBT cycle and ultimately provide references for clinical transfer
strategies.

Materials And Methods
Subjects

Data of 612 patients who received �rst cycle fresh SBT at the Centre for Reproductive Medicine, Wuhan Kangjian Maternal and Infant Hospital for the period
of January 2015 to December 2020 were analyzed retrospectively. Patients with the following infertility criteria in �rst IVF (in vitro fertilization) cycle were
included: (1) uterine tube factor; (2) endometriosis and metrial adenomyosis; (3) male factor; (4) ovulation dysfunction (including polycystic ovary syndromes,
etc.); or (5) unexplained infertility. Exclusion criteria were: (1) performed D5/D6 blastocyst transfer in repeated fresh cycle; (2) frozen-thawed blastocyst
transplantation; (3) performed D5/D6 fresh DBT; (4) performed D7 blastocyst transplantation; (5) drug or alcohol abuse, smoking, and a history of chronic
medical disease (heart diseases, hepatonephric dysfunction). Among the 612 patients enrolled according to the above criteria, 253 patients had given birth at
the time of analysis. The patients in the SBT groups were further sub-grouped by blastocyst morphology and COS protocols.
Stimulation protocols

GnRH (Gonadotropin-releasing hormone) antagonist protocol: COS was performed with administration of 150–225 IU/day recombinant FSH (r-FSH) from Day
2 or 3 of the cycle. Daily injections of 0.25 mg GnRH antagonist Ganirelix Acetate (Orgalutran, Merck Sharp & Dohme Limited, US) were administered at the
presence of at least one follicle measuring > 14 mm until ovulation induction.

Long-acting GnRH agonist(GnRHa)follicular phase protocol: Patients received a single dose of 3.75 mg long-acting triptorelin acetate (Decapeptyl; Ferring,
Saint-Prex, Switzerland) on Day 2 of the cycle. 28 days after the initiation of GnRHa, when complete pituitary desensitization was achieved, COS was started
with administration of r-FSH.

Long-acting GnRHa luteal phase protocol: Pituitary suppression was achieved by a injection of 1 mg triptorelin acetate (Decapeptyl; Ferring, Saint-Prex,
Switzerland) in the midluteal phase of the preceding cycle. Patients came back 14 days later. Once the downregulation was achieved, COS was started with
administration of r-FSH as above.

For protocols above, �nal oocyte maturation was induced by injection of 5000 to 8000 IU hCG (HCG, Livzon, China) or injection of 0.2 mg triptorelin
(Decapeptyl; Ferring, Saint-Prex, Switzerland), as soon as two to three leading follicles reached 17–18 mm in size. Oocyte retrieval following COS was carried
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out 36h after ovulation trigger. Embryo transplantation was performed under ultrasound guidance, one embryo was transplanted per cycle. Serum HCG was
tested on the 14th day. Ultrasound was performed on the 28th to 30th day of transplantation.
Luteal phase support

Vaginal micronized progesterone tablets (Utrogestan) 200 mg three times daily were administered for luteal phase support from Day 1 after oocyte retrieval
onwards, until 7 weeks of pregnancy, after which the dose was gradually reduced and discontinued 1 week later.

Ethical approval

The study was approved by the institutional review board on July 21, 2021. This study was conducted in accordance with the Declaration of Helsinki and
conducted with the approval of the Ethics Committee of Wuhan Kangjian Maternal and Infant Hospital. Due to the retrospective nature of the study, written
informed consent was not obtained from the participants.

Setting

Baseline characteristics, cycle characteristics, and obstetric and neonatal data were extracted from the electronic medical record. Records were ascertained
from patients who received fresh D5/D6 SET during the study period. All study data were collected by authorized staff and stored in a restricted directory on
the hospital’s network system. A �owchart is presented in Fig.1.

Outcome measures

The primary outcome of this study was CPR and LBR. Secondary endpoints included rates of multiple pregnancy, spontaneous early miscarriage, and
neonatal outcomes. Neonatal outcomes included preterm birth, birth weight, height, and low birth weight. Live birth was de�ned as the delivery of any viable
infant who was 28 weeks of gestation or older, and twins delivered by one mother were calculated as one live birth. Biochemical pregnancy loss was de�ned
as loss of pregnancy after conception, β-hCG level > 5 mIU/mL, and before visualization of a gestational sac on transvaginal ultrasound. Clinical pregnancy
was de�ned as the presence of gestational sac transvaginal ultrasound at 6-8 weeks of transplantation. Gestational age was calculated from the day of
oocyte retrieval which was de�ned as Day 14 of the cycle. Stillbirth was de�ned as intrauterine or intrapartum death of a child born at a gestational age ≥ 28
weeks (elective terminations not included). Preterm birth was a birth between 28 and 37 completed weeks of gestation. The cut-off for low birthweight was
2500g at birth. Hypertensive disorders of pregnancy (HDP) included pregnancy induced hypertension, preeclampsia and haemolysis elevated liver enzymes
and low platelets (HELLP) syndrome. Abnormal placentation included placenta praevia and placental abruption.

Blastocyst culture and scoring

Blastocysts were scored in the light of the Gardner criteria [12], including degree of expansion and quality of the inner cell mass (ICM) and trophectoderm cells
TE by two embryologists with over 5 years of experience. This system consists of a number indicating the degree of blastocoel or blastocyst expansion:

stage 1 = early blastocyst, blastocoel < 50% total embryo volume; stage 2 = early blastocyst, blastocoel > 50% total embryo volume; stage 3 = full blastocyst,
blastocoele fully occupies the embryo; stage 4 = expanded blastocyst; stage 5 = hatching blastocyst; stage 6 = hatched blastocyst, For blastocysts at Grades 3
to 6, the ICM and TE were also graded. The ICM was graded as follows: A = many cells tightly compacted; B = several cells loosely adhered; C = very few cells;
D = no cells or degenerate or necrotic cells), and a second letter grade designating the grade the TE: A = continuous layer of small identical cells; B =
noncontinuous layer with fewer cells; C = noncontinuous layer with few small cells and large cells; D = sparse distribution of large or �at or degenerate cells.
Blastocyst was recorded as high quality embryo if they reached at least an expansion stage 3 with A or B for ICM and TE. In our fertility center, lower-grade
embryos such as stage 1 or grade CC were identi�ed as unavailable for transfer, then, blastocysts were divided into four groups based on their morphologic
grading on day 5: group 1 = early stage (stage 2) blastocysts, group 2 = good (3-6, AA/AB/BA); group 3 = fair (3-6, BB), and group 4 = poor (3-6, AC/CA/BC/CB
) [12].

Follow-up

All patients were given a telephone follow-up 1-3 months after childbirth. The follow-up contents included obstetric complications, neonatal birth date, delivery
mode, gestational age, sex, birth weight, height, and birth defects, etc.

Statistical analysis

A descriptive statistical analysis was performed on assisted reproductive technology (ART) characteristics. Continuous data were presented as the mean value
± standard deviation (SD), and differences in variables were compared using Student’s t-test or one-way analysis of variance (ANOVA). Categorical variables
were presented by the number of cases and corresponding percentage and compared using the chi-square test and Fisher’s exact test when the number of
events was less than 5. Multivariate logistic regression analysis was used to study the association between clinical characteristics and CPR. A p-value < 0.05
was considered statistically signi�cant. The statistical analysis was performed with the use of the Statistical Package for Social Science (SPSS) version
19.00.

Results
General information

The �nal D5 and D6 transplantation cycles had 508 and 104 cases res pectively. The �ow diagram is presented in Fig. 1. The average maternal age was 30.94
± 4.61 years, average serum AMH was 4.88 ± 3.60 ng/ml, and average number of AFC was 15.81 ± 6.53, before stimulation start. There was no signi�cant
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difference in maternal age, BMI, AMH, and infertility years between the two groups (p > 0.05), meanwhile, the D5 group had signi�cantly less primary infertility
and higher number of AFC (16.09 ± 6.54 vs 14.45 ± 6.34, p = 0.02) than those of the D6 group (Table 1) .

Ovarian stimulation characteristics

When the SBT group was strati�ed by development speed, there was no difference in endometrial thickness, duration of stimulation, and total dose of
gonadotropins (Gn) between the D5-SBT and D6-SBT groups (p > 0.05). However, oocytes retrieved, 2 pronucleus (PN), embryos available for transfer, and
blastocyst formed in the D5-SBT group were more than those of the D6-SBT group (p < 0.05) (Table 1) .

Pregnancy outcomes

Comparing to D6 group, D5 group had signi�cantly higher CPR (59.84% vs 31.73%, p < 0.001) and LBR (44.69% vs 25.00%, p < 0.001). In addition, no
signi�cant differences were observed in the rates of biochemical pregnancy loss rate (9.06% vs 8.65%, p = 0.90) , early miscarriage rate (22.04% vs 18.18%,
1.64% vs 0, p = 0.61), or late miscarriage rate (1.64% vs 0, p = 0.46) (Table 1).

Obstetric outcomes

There were no statistical difference in rate of caesarean section, Male/Female ratio, preterm labour, hypertensive disorder, and gestational age between D5 and
D6 group. All 5 twins were premature delivery. Considering the small number of twins, only singleton data were analysed in the study. There was no signi�cant
difference between the D5-SBT and D6-SBT groups strati�ed by singleton in terms of gestational age, newborn height and weight, and proportion of low birth
weight infants (p > 0.05). (Table 2).

Embryo transfer characteristics

There are statistically signi� cant differences in the proportion of good quality blastocyst transplanted between D5 and D6 group. In the group of D5, patients
more often experienced good blastocysts transfer (45.67% vs 13.46%, p < 0.001), and the fair blastocysts transfer ratio was similar (38.58% vs 37.5%, p =
0.85) compared with D6 group. In turn, patients in D6 group more often underwent poor blastocysts transfer (45.19% vs 9.65%, p < 0.001) (Table 3).

The in�uence of morphologic grading on the pregnancy outcomes of D5 vesus D6

According to the quality of blastocysts, the selected cases were subdivided into 4 groups: 

for Group 1, the CPR and LBR were similar between D5 and D6 group. As to Group 2, We didn’t �nd difference in the CPR 63.36% vs 50.00%, p = 0.33 and LBR
(47.62% vs 42.86%, p = 0.74 between D5 and D6 group. According to Group 3 and Group 4, the CPR 63.26% vs 30.77%, p < 0.001; 48.98 vs 27.66, p = 0.03
and LBR 47.72 vs 25.64, p = 0.01; 34.69 vs 17.02, p = 0.049 were signi�cantly greater in D5 group than those in D6 group (Table 3). Multivariate analysis
demonstrated that progesterone on hCG day (OR: 0.323, 95% CI: 0.135-0.770, p = 0.011) was negatively related to CPR in Group3 and AFC (OR: 1.137, 95% CI:
1.017 - 1.270, p = 0.024) was positively related to CPR in Group4 (Supplementary Table 1).

The in�uence of different COS protocols on the pregnancy outcomes of D5 vesus D6

GnRH antagonist protocol: There were no remarkable differences between the groups in maternal age, BMI, AMH and endometrial thickness, while D5 group
had signi�cantly lower ratio of primary infertility, infertility years, and higher number of oocytes retrieved, 2PN, embryos available for transfer, and blastocyst
formed (p < 0.05). The CPR (45.76% vs 10.00%, p = 0.01) was signi�cantly higher in the D5 group than in the D6 groups (Table 4). Multivariate analysis of
didn’t �nd any factors related to CPR in GnRH antagonist protocol (Supp Table 2).

Long-acting GnRHa follicular phase protocol: The numbers of AFC, oocytes retrieved, 2PN, embryos available for transfer, and blastocysts formed were
signi�cantly higher in the D5 group than those in the D6 groups (p < 0.05). The CPR (67.59% vs 40.70%, p < 0.001) and LBR (51.38% vs 32.20%, p = 0.01) were
signi�cantly higher in the D6 group than those in the D5 groups, meanwhile, there were no distinct difference in the rate of biochemical pregnancy loss, early
miscarriage, and preterm labour between D5 and D6 (Table 4). Multivariate analysis didn’t �nd any factors related to CPR in GnRHa follicular phase protocol
(Supp Table 2).

Long-acting GnRHa Luteal phase protocol: Patients in D5 group were younger (31.28 ± 4.38 vs 33.36 ± 4.34, p = 0.03) than the patients in D6 group. The
numbers of embryos available for transfer, blastocyst formed, CPR (50.94% vs 28.00%, p = 0.03) was signi�cantly higher in the D5 group than those in the D6
group, nevertheless, LBR (35.22% vs 24.00%, p = 0.27) showed no statistical difference between D5 and D6. The rate of biochemical pregnancy loss, early
miscarriage, and preterm labour were similar between D5 and D6 (Table 4). Multivariate analysis revealed that endometrial thickness (OR 1.174, 95% CI: 0.023
- 1.346, p = 0.022) and 2PN (OR 1.192, 95% CI: 1.005 - 1.413, p = 0.044) were positively associated with CPR in GnRHa luteal phase protocol (Supple Table 2).

Discussion
The results of this study demonstrated that the transfer of D5 blastocysts was associated with prominently higher CPR and LBR when compared to transfer of
D6 blastocysts after fresh cycles. This was in line with the �ndings of the previous studies [8, 13]. The meta-analysis performed by Bourdon M. et al identi�ed
a higher risk of miscarriage after D6 compared to D5 ET-in overall fresh and/or frozen cycles and in fresh only and frozen-vitri�ed ET cycles [8], which was not
valid in this study.

There were no obvious difference in maternal age, AMH, BMI, endometrial thickness, etc, between the D5-SET and D6-SET groups. However, the number of
AFC, oocytes retrieved, 2PN, embryos available for transfer, and blastocyst formed in the D5 group were signi�cantly higher than those of the D6 group (p <
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0.05), which gave an indication that ovarian reserve of patients in D6-SET group was relatively worse than that of patients in D6-SET group. Meanwhile, in
fresh embryo transfer cycle, patients experienced D6 blastocyst transfer in our infertility center meant that they didn’t have D5 blastocyst formed. From the
data about blastocysts transfer characteristics, we found that patients in D6 group more often experienced poor quality blastocysts transfer (45.19% vs 9.65%,
p < 0.001), which was’t noted in previous articles and suggested that D6-SET patients represent a subgroup of infertility patients usually having relatively poor
embryo quality. These results could partially explain the relatively lower CPR and LBR in D6 group.

Analysis of our data showed that D5 and D6 blastocyst had similar CPR and LBR for AA/AB/BA blastocysts; however, for blastocysts in the same morphology
group including BB, BC/AC/CA/CB, we found superior implantation potential in favor of D5 embryos. Yang et al. performed preimplantation genetic screening
(PGS) on 237 blastocysts and found that blastocyst development speed had no effect on the euploid rate for high-quality blastocysts (55.2 % vs. 55.3 %, p >
0.05). However, the rates of euploid and clinical pregnancy in the D5 group were higher than those in the D6 group for poor-quality blastocysts (p > 0.05) [14].
Although there was no statistical difference, it may be the reason for the lower pregnancy rate of the D6 poor-quality blastocysts [14,15,16]. Similarly, another
study found that blastocyst frozen days (D5 or D6) had no impact on LBR for AA/AB/ BA blastocysts; however those frozen on day 5 had signi�cantly better
LBR than those frozen on day 6 for BB/BC/CB blastocysts [17]. These �ndings indicated that blastocyst development speed may have little predictive value
for the developmental potential of high-quality blastocysts but may have a certain predictive value for poor-quality blastocysts.

Our results showed that the LBR of poor-quality blastocysts in the D5-SBT and the D6-SBT group could reach 34.69%, and 17.0% respectively. For poor-quality
D5 blastocysts, SBT could be recommended because of the acceptable LBR and signi�cantly reduced multiple pregnancy rates compared to DBT. For poor-
quality D6 blastocysts, this study cannot specify accurately a better strategy to transfer D6-blastocysts. To draw a �rm conclusion, an RCT should be
performed to evaluate pregnancy chances after fresh D6 transfer [18,19] . It is expected that the more the genetic and molecular features of embryo
development are characterized, the more the role of traditional morphology-based selection will be replaced in IVF [20-23]. Future research to identify non-
invasive biomarkers of reproductive potential may further enhance blastocysts selection [24]. In clinical practice, some women obtain both D5 and D6
blastocysts after embryo culture. For these, it appears reasonable to transfer �rst D5 blastocysts in order to limit time to pregnancy. For those with only D6
blastocyts, chances of pregnancy may be lower but still remained and D6 blastocysts should be transferred.

Meanwhile, once a continuous pregnancy is reached, the blastocyst development speed and morphology do not affect neonatal outcomes. Bouillon et al. [25]
suggested that the main outcomes of singletons after transfer of blastocysts with poor morphological grading were not associated with increased adverse
obstetric and perinatal events. This information could be important to reassure couples who conceive following the transfer of poor-quality embryos. In this
study, the gestational age, birth weight and length of D5 and D6 blastocysts were not signi�cantly different after transplantation in the single-birth group. But,
because of the limited case numbers, we can’t draw a de�nitive conclusion [26-28]

Urged by the ongoing controversies on reproductive outcome using the different treatment regimens, we compared the e�ciency of GnRH antagonist, GnRHa
follicular phase, GnRHa luteal phase regimens in women after the �rst oocyte retrieval [29-33]. In all the three COS protocols, the main characteristics of the
populations, such as maternal age, BMI, and AMH of D5 vesus D6 showed no statistical difference. In terms of biological parameters, the results of D6 were
always lower for the number of embryos available for transfer and blastocyst formed. The results indicated that the GnRHa antagonist protocol has a
demonstrable inferiority comparing with the GnRHa follicular or luteal phase protocol with regard to the CPR and LBR in D6-SET group (p < 0.05) . This was in
line with the �ndings of large-scale retrospective population-based cohort survey [29, 30]. In view of these results, we changed the blastocyst transfer stragety
in fresh cycle. We perform fresh D5 blastocyst transfer regularly in all the three COS protocols, nevertheless, fresh D6 blastocyst transfer was conducted just in
GnRHa follicular phase and luteal phase protocol aiming to achieve comparatively ideal pregnancy outcomes.

There are some limitations to this study, including its retrospective design. First, the sample size included in each group is uneven; therefore, the results of the
study may be biased, and further research is needed to con�rm the conclusion of this study. Several methodological aspects support the results of our study:
all the blastocysts were evaluated by the same trained embryologists in our IVF centre. As a consequence, the risk of variation in morphologic assessment
was greatly reduced; all pregnancies were initiated after transfer of a single blastocyst. Such a strategy has the advantage of excluding the potential vanishing
twin phenomenon after double embryo transfer [34, 35]. Due to the small number of our study, more larger, prospective and well conducted studies are
warranted to con�rm the reported �ndings.

Conclusion
Our study demonstrates that the CPR and LBR in the D5 group were signi�cantly higher than those in the D6 group. The difference in neonatal outcomes
between the two groups was not statistically signi�cant. The subgroup analysis found that the superiority of day 5 SET compared with day 6 SET is
in�uenced by the quality of blastocyst transferred and the COS protocols. The CPR and LBR of good quality blastocysts was similar between D5 and D6
group. Despite this, D5 blastocysts were signi�cantly outperforming day 6 blastocysts with the same embryo grade including fair and poor quality for CPR and
LBR, We pointed out that ovarian reserve of patients in D6-SET group was comparatively worse than that of patients in D5-SET group and D6-SET patients
represented a subgroup of infertility patients usually having relatively poor embryo quality. The GnRHa antagonist protocol has a inferiority comparing with
the GnRHa follicular or luteal phase protocol with regard to the CPR and LBR in D6-SET group.
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hormone agonist; GnRH-ant: Gonadotropin-releasing hormone antagonist; IVF: In vitro fertilization; ICM: inner cell mass: ICSI: Intracytoplasmic sperm
injection;TE: trophectoderm cells; LBR: Live birth rate; OHSS: Ovarian hyperstimulation syndrome; PGT-A:Preimplantation genetic testing for aneuploidy; RCTs:



Page 6/12

Randomized controlled trials; rFSH: Recombinant follicle-stimulating hormone; SET: single embryo transfers (SET); SBT: single blastocyst transplantation;
2PN:2 pronucleus.

Declarations
Acknowledgements

The authors are grateful to all staff of the Reproduc tive Medicine center, Department of Obstetrics and Gynecology, Wuhan Kangjian Maternal and Infant
Hospital, Wuhan, Hubei, China for making the project suc cessful.

Authors' contributions

Zhilan Chen and Wei Li are responsible for the concept and the study design. Cong xiao and Yanmin Li performed the data collection, and Wei Li did the
statistical analysis. Zhilan Chen drafted the manuscript. Aidong Gong contributed to the critical discussion, interpretation and editing of the manuscript.

Funding

Not applicable

Availability of supporting data

The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.

Ethical Approval and Consent to participate

Not applicable

Consent for publication

Not applicable

Availability of supporting data

The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.

Competing interests

The authors declare that they have no competing inte rests

References
1. Bhattacharya S, Kamath MS (2014) Reducing multiple births in assisted reproduction technology. Best Pract Res Clin 28:191–199

2. Cutting R (2018) Single embryo transfer for all. Best Pract Res Clin 53:30–37

3. Gardner DK, Vella P, Lane M et al (1998) Culture and transfer of human blastocysts increases implantation rates and reduces the need for multiple embryo
transfers. Fertil Steril 69(1):84–88

4. Glujovsky D, Farquhar C, Quinteiro Retamar AM et al (2016) Cleavage stage versus blastocyst stage embryo transfer in assisted reproductive
technology.Cochrane Database Syst Rev.30,(6).

5. Shapiro BS, Richter KS, Harris DC et al (2001) A comparison of day 5 and day 6 blastocyst transfers. Fertil Steri 75(6):1126–1130

�. Barrenetxea G, Larruzea AL, Ganzabal T et al (2005) Blastocyst culture after repeated failure of cleavage-stage embryo transfers: a comparison of day 5
and day 6 transfers. Fertil Steril 83(1):49–53

7. Sunkara SK, Siozos A, Bolton VN et al (2010) The in�uence of delayed blastocyst formation on the outcome of frozen-thawed blastocyst transfer: a
systematic review and meta-analysis. Hum Reprod 25(8):1906–1915

�. Bourdon M, Pocate-Cheriet K, Finet de Bantel A et al (2019) Day 5 versus Day 6 blastocyst transfers: a systematic review and meta-analysis of clinical
outcomes. Hum Reprod 34(10):1948–1964

9. Murugappan G, Kim JG, Kort JD et al (2020) Prognostic value of blastocyst grade after frozen euploid embryo transfer in patients with recurrent
pregnancy loss. F S Rep 1(2):113–118

10. Peng XD, Yu M, Li L et al (2020) Effects of euploid blastocyst morphological development on reproductive outcomes. Reprod Biol 20(4):496–500

11. Xiong F, Sun Q, Li GG et al (2020) Association between the number of top-quality blastocysts and live births after single blastocyst transfer in the �rst
fresh or vitri�ed-warmed IVF/ICSI cycle. Reprod Biomed Online 40(4):530–537

12. Gardner DK, Lane M, Stevens J et al (2000) Blastocyst score affects implantation and pregnancy outcome. Fertil Steril 73:1155–1158

13. Ferreux L, Bourdon M, Sallem A et al (2018) Live birth rate following frozen-thawed blastocyst transfer is higher with blastocysts expanded on Day 5 than
on Day 6. Hum Reprod 33:390–398



Page 7/12

14. Yang HY, Yang QL, Dai SJ et al (2016) Comparison of differences in development potentials between frozen-thawed D5 and D6 blastocysts and their
relationship with pregnancy outcomes. J Assist Reprod Genet 33:865–872

15. Kroener L, Ambartsumyan G, Briton-Jones C et al (2012) The effect of timing of embryonic progression on chromosomal abnormality. Fertil Steril 98:876–
880

1�. Piccolomini MM, Nicolielo M, Bonetti TCS et al (2016) Does slow embryo development predict a high aneuploidy rate on trophectoderm biopsy? Reprod
Biomed Online 33:398–403

17. Shen X, Long H, Gao HY et al (2020) The valuable reference of live birth rate in the single vitri�ed-warmed BB/BC/CB blastocyst transfer: The cleavage-
stage embryo quality and embryo development speed. Front Physiol 11:1102

1�. Dobson Alexander SJ, Lao MT, Michael E et al (2018) Effect of transfer of a poor quality embryo along with a top quality embryo on the outcome during
fresh and frozen in vitro fertilization cycles. Fertil Steril 110(4):655–660

19. Chen SP, Du HZ, Liu JQ et al (2020) Live birth rate and neonatal outcomes of different quantities and qualities of frozen transferred blastocyst in patients
requiring whole embryo freezing strati�ed by age. BMC Pregnancy Childbirth 20:655

20. Barash OO, Ivani KA, Willman SP et al (2017) Association between growth dynamics, morphological parameters, the chromosomal status of the
blastocysts, and clinical outcomes in IVF PGS cycles with single embryo transfer. J Assist Reprod Genet 34(8):1007–1016

21. Xie F, Timme KA, Wood JR (2018) Using Single Molecule mRNA Fluorescent in Situ Hybridization (RNA-FISH) to Quantify mRNAs in Individual Murine
Oocytes and Embryos. Sci Rep 8(1):7930

22. Lonergan P, Rizos D, Gutiérrez-Adán A et al (2003) Effect of culture environment on embryo quality and gene expression-experience from animal studies.
Reprod Biomed Online 7(6):657–663

23. Wrenzycki C, Herrmann D, Niemann H (2003) Timing of blastocyst expansion affects spatial messenger RNA expression patterns of genes in bovine
blastocysts produced in vitro. Biol Reprod 68(6):2073–2080

24. Xi QS, Yang QY, Wang M et al (2021) Individualized embryo selection strategy developed by stacking machine learning model for better in vitro
fertilization outcomes: an application study. Reprod Biol Endocrinol 19(1):53

25. Bouillon C, Celton N, Kassem S et al (2017) Obstetric and perinatal outcomes of singletons after single blastocyst transfer: is there any difference
according to blastocyst morphology? Reprod Biomed Online 35:197–207

2�. Kalra SK, Ratcliffe SJ, Barnhart KT et al (2012) Extended embryo culture and an increased risk of preterm delivery. Obstet Gynecol 120(1):69–75

27. Dar S, Librach CL, Gunby J et al (2013) Increased risk of preterm birth in singleton pregnancies after blastocyst versus Day 3 embryo transfer: Canadian
ART Register (CARTR) analysis. Hum Reprod 28(4):924–928

2�. Lou H, Li N, Guan YC et al (2021) Association between morphologic grading and implantation rate of Euploid blastocyst. J Ovarian Res 14(1):18

29. Ren JZ, Sha AG, Han DM et al (2014) Does prolonged pituitary down-regulation with gonadotropin-releasing hormone agonist improve the live-birth rate in
in vitro fertilization treatment? Fertil Steril 102:75–81

30. Geng YD, Xun Y, Hu SQ et al (2019) GnRH antagonist versus follicular phase single-dose GnRHa protocol in patients of normal ovarian response during
controlled ovarian stimulation. Gynecol Endocrinol 35:309–313

31. Yang JW, Zhang XD, Ding XY et al (2021) Cumulative live birth rates between GnRH-agonist long and GnRH-antagonist protocol in one ART cycle when all
embryos transferred: real-word data of 18,853 women from China. Reprod Biol Endocrinol 19(1):124

32. Lambalk CB, Banga FR, Huirne JA et al (2017) GnRH antagonist versus long agonist protocols in IVF: a systematic review and meta-analysis accounting
for patient type. Hum Reprod Update 23:560–579

33. Xu B, Geerts D, Hu SQ et al (2020) The depot GnRH agonist protocol improves the live birth rate per fresh embryo transfer cycle, but not the cumulative live
birth rate in normal responders: a randomized controlled trial and molecular mechanism study. Hum Reprod 35(6):1306–1318

34. Li N, Sun J, Wang J et al (2021) Selective termination of the fetus in multiple pregnancies using ultrasound-guided radiofrequency ablation. BMC
Pregnancy Childbirth 21(1):821

35. Poikkeus P, Gissler M, Unkila-Kallio L et al (2007) Obstetric and neonatal outcome after single embryo transfer. Hum Reprod 22(4):1073–1079

Tables
Table 1 Baseline patient characteristics and descriptive data of ovarian stimulation, oocytes and embryo transfer
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Parameter D5 D6 P-value 

ET cycles (n) 508 104  

Maternal age (years) 30.84 ± 4.63 31.47 ± 4.48 0.20

BMI (kg/m2) 23.76 ± 7.94 22.78 ± 3.52 0.22

Infertility years (years) 3.03 ± 2.65 3.45 ± 3.02 0.16

Infertility type, n (%)      

Primary 198/508 (38.98) 51/104 (49.04) 0.06

Secondary 310/508 (61.02) 53/104 (50.96)  

Serum AMH (ng/ml) 4.99 ± 3.61 4.33 ± 3.52 0.09

AFC (n) 16.09 ± 6.54 14.45 ± 6.34 0.02

Total dose of Gn (IU) 2286.61 ± 892.24 2424.34 ± 976.76 0.16

Duration of stimulation (days) 11.32 ± 2.10 11.14 ± 2.27 0.45

E2 on hCG day (pg/ml) 2831.87 ± 1255.32 2756.74 ± 1286.99 0.58

Progesterone on hCG day (pg/ml) 0.74 ± 0.37 0.77 ± 0.40 0.58

Endometrial thickness (mm) 11.84 ± 2.49 11.73 ± 2.44 0.69

Oocytes retrieved (n) 15.57 ± 4.88 13.74 ± 5.71 0.001

Methods of insemination      

IVF 441/508 (86.81) 73/104 (70.19) <0.001

ICSI 67/508 (13.19) 31/104 (29.80)  

2PN (n) 10.86 ± 4.07 8.78 ± 4.32 <0.001

Embryos available for

transfer (n)

6.63 ± 2.97

 

3.54 ± 2.21 <0.001

Blastocyst formed (n) 5.84 ± 2.89 2.71 ± 2.14 <0.001

CPR, n (%) 304/508 (59.84) 33/104 (31.73) <0.001

Biochemical pregnancy loss, n (%) 46/508 (9.06) 9/104 (8.65) 0.90

Early miscarriage rate, n (%) 67/304 (22.04) 6/33 (18.18) 0.61

Multiple pregnancy rate, n (%) 4/304 (1.32) 1/33 (3.03) 0.41

Ectopic pregnancy 5/304 (1.64) 1/33 (3.03) 0.57

Late miscarriage rate, n (%) 5/304 (1.64) 0 0.46

LBR, n (%) 227/508 (44.69) 26/104 (25.00) <0.001

  Single birth, n  223/508 (43.90) 25/104 (24.04)  

  Twin birth, n 4/4 1/1 NA

AFC Antral follicle count, AMH Anti-Müllerian hormone, BMI Body mass index, bFSH basal follicle stimulating hormone, CPR Clinical pregnancy rate, E2
Estradiol, ET Embryo transfer, HCG human chorionic gonadotropin, Gn Gonadotropin, ICSI Intracytoplasmic Sperm Injection, IVF In vitro fertilization, LBR Live
birth rate, PN Pronucleus

p < 0.05 was considered statistically signi�cant

Table 2 Neonatal outcome in liveborns after fresh D5 and D6 transfer
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Parameter D5 D6 P-value

Mode of delivery, n (%) 227 26

Caesarean section 162/227 71.37 23/26 88.46 0.06

Vaginal, 65/227 28.63 3/26  11.54

Preterm labour, n (%) 24/227 10.57 4/26  15.38 0.51

Abnormal placentation (n)  1 1 NA

Gestational diabetes (n) 2 0 NA

Hypertensive disorder (n) 4/304 (1.32) 1/33 (3.03) 0.34

Perinatal death (n)  2 0 NA

twin-twin transfusion syndrome (n) 1 0 NA

Malformations (n) 2 0 NA

Male/Female ratio 129/102(1.26) 18/9 (2.00) 0.28

Singleton birth, n 223 25

Gestational age (weeks ) 38.62 ± 1.41 38.29 ± 1.44 0.26

Birth weight (g) 3276.84 ± 474.93  3264.20 ± 438.12 0.9

Height (cm) 49.96 ± 2.23 50.04 ± 0.89 0.86

Birth weight ≤2500 g , n (%) 11/223 (4.93 ) 1/25 (4.00 ) 0.84

Preterm labour, n (%) 20/223 ( 8.97) 3/25 (12.00) 0.62

Malformations (n) 2 0 NA

Twin birth, n  4 1

Gestational age (weeks ) 33.79 ± 3.20 36.43 NA

Birth weight (g ) 1937.5 ± 635.69 2500 ±141.42 NA

Height (cm) 42.13 ± 7.97 48.0 ±0.00 NA

Birth weight ≤ 2500 g, n (%) 44720 44594 NA

Preterm labour 44655 44562 NA

Malformations (n) 0 0 NA

Table 3 Comparisons of ET cycles undergoing SBT between D5 and D6 groups strati�ed by blastocyst morphologic grading
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Parameter Group 1 Group 2 Group 3 Group 4

D5 D6 P  D5 D6 P  D5 D6 P D5 D6

ET cycles (n) 31 4 231 14 197 39 49 47

Propotion of blastocysts
transferred/Total
blastocysts transferred ,
n (%)

31/508
(6.10)

4/104
(3.84)

0.37 231/508
(45.47)

14/104
(13.46)

<
0.001

197/508
(38.78)

39/104
(37.50)

0.81 49/508
(9.64)

47/10
(45.1

Maternal age (years) 30.32 ±
6.21

32.75 ±
4.27

0.46 30.83 ± 4.41 30.21 ±3.83 0.61 30.85 ±
4.55

33.08 ±
4.18

0.01 31.14 ±
4.98

30.40
4.61

BMI (kg/m2) 24.11 ±
4.92

19.25 ±
0.88

0.28 23.287 ± 4.57 23.44 ±
3.96

0.90 24.17 ±
11.44

23.03 ±
3.40

0.54 24.11 ±
3.82

22.67
3.54

Infertility years (years) 2.49 ±
1.91

3.66 ±
2.73

0.28 3.12 ± 2.86 3.42 ± 2.42 0.71 3.12 ±
2.46

4.10 ±
3.53

0.04 2.61 ±
2.74

2.89 
2.71

Infertility type, n (%)

Primary 10/31
(32.25)

1/4
(25.00)

0.77 96/231 (41.56) 8 ( 57.14) 0.25 71/197
(36.04)

17/39
(43.59)

0.37 21/49
42.86

25/47
53.1

Secondary 21/31
(67.74)

3/4
(75.00)

135/231
(58.44)

6 (42.86) 126/197
(63.96)

22/39
(56.41)

28/49
57.14

22/47
46.8

Serum AMH (ng/ml) 4.45 ±
3.62

6.00 ±
5.63

0.45 5.2715 ± 3.69 5.7092±
5.68

0.69 4.89 ±
3.72

3.92 ±
2.79

0.12 4.40 ±
2.66

4.15 
3.09

AFC (n) 15.35 ±
6.00

18.75 ±
8.22

0.31 16.63 ± 6.37 16.57 ±
7.08

0.98 16.45 ±
6.10

13.95 ±
6.16

0.02 15.63 ±
6.29

13.87
6.05

Total dose of Gn (IU) 2479.84
±
920.36

2212.50
±
879.51

0.59 2177.08±
913.87

1963.93±
998.65

0.40 2332.05±
858.28

2466.36±
1000.80

0.39 2498.04
±
856.44

2544
±
944.3

Duration of stimulation
(days)

11.48 ±
2.29

10.75 ±
0.96

0.54 11.26 ± 2.26 10.50 ±
1.51

0.21 11.31 ±
1.98

11.00 ±
2.36

0.38 11.47 ±
1.72

11.49
2.43

E2 on hCG day (pg/ml) 2649.23
±
1140.25

3727.75
±
1220.25

0.09 2977.99 ±
1265.9

2899.64 ±
956.81

0.82 2702.21
±
1261.89

2923.84
±
1357.66

0.32 2782.83
±
1206.67

2492
±
1283

Progesterone on hCG
day (pg/ml)

0.66 ±
0.36

0.95 ±
0.46

0.16 0.76 ± 0.38 0.85 ± 0.34 0.40 0.73 ±
0.38

0.79 ±
0.43

0.40 0.78 ±
0.33

0.71 
0.40

Endometrial thickness
(mm)

12.09 ±
2.31

11.150
± 3.01

0.46 11.87 ± 2.51 10.85 ±
2.39

0.15 11.87 ±
2.43

11.66 ±
2.13

0.62 11.45 ±
2.80

12.09
2.08

Oocytes retrieved (n) 15.03 ±
5.87

13.00 ±
2.16

0.21 16.23 ± 4.69 16.07 ±
5.74

0.91 15.23 ±
4.72

14.00 ±
5.31

0.15 14.18 ±
5.40

12.89
6.12

Methods of Insemination

IVF 27/31
(87.09)

2/4 (50) 0.06 196/231
(84.85)

8/14 (
57.14)

0.01 175/197
(88.83)

27/39
(69.23)

0.001 43/49
(87.76)

36/47
76.6

ICSI 4/31
(12.90)

2/4 (50) 35/231 ( 15.15) 6 /14
(42.85)

22/197
(11.17)

12/39
(30.77)

6/49
(12.24)

11/47
(23.4

2PN (n) 10.39 ±
4.79

9.00 ±
2.16

0.58 11.60 ± 3.79 11.57 ±
4.60

0.98 10.49 ±
3.48

8.64 ±
4.34

0.01 9.14 ±
5.03

8.04 
4.13

Embryos available for 4.55 ±
2.26

5.25 ±
0.5

0.16 7.69 ± 2.90 5.79 ± 2.12 0.02 6.11 ±
2.72

3.51 ±
1.90

<0.001 5.00 ±
2.72

2.74 
2.06

transfer (n)

Blastocyst formed (n) 4.52 ±
2.52

1.50 ±
1.0

0.03 6.72 ± 3.03 4.29 ± 4.12 0.01 5.43 ±
2.55

2.62 ±
1.35

<0.001 4.18 ±
2.40

2.43 
1.70

Biochemical pregnancy
loss, n (%)

6/31
(19.35)

1/4
(25.00)

1.00 19/231 (8.23) 3/14
(21.42)

0.12 16/196
(8.16)

3/39
(7.69)

1.0 5/49
(10.20)

2/47
(4.25

CPR, n (%) 9/31
(29.03)

1/4
(25.00)

1.00 147/231 (
63.64)

7/14
(50.00)

0.33 124/196
(62.94)

12/39
(30.77)

<
0.001

24/49
(48.98)

13/47
(27.6

Early miscarriage rate, n
(%)

2/9
(22.22)

0 NA 32/147 (21.80) 0 NA 27/124 (
21.77)

2/12
(16.66)

0.74 6/24
(25.00)

4/13
(30.7

LBR, n (%) 7/31
(22.58)

1/4
(25.00)

1.00 110/231(47.62) 6/14(42.86) 0.74 94/197
(47.72)

10/39
(25.64)

0.01 17/49
(34.69)

8/47
(17.0

AFC Antral follicle count, AMH Anti-Müllerian hormone, BMI Body mass index, bFSH basal follicle stimulating hormone, CPR Clinical pregnancy rate, E2
Estradiol, ET Embryo transfer, HCG human chorionic gonadotropin, Gn Gonadotropin, ICSI Intracytoplasmic Sperm Injection, IVF In vitro fertilization, LBR Live
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birth rate, PN Pronucleus

p < 0.05 was considered statistically signi�cant

group 1 = early stage (stage 2) blastocysts; group 2 = good (3-6, AA/AB/BA); group 3 = fair (3-6, BB); group 4 = poor (3-6, AC/CA/BC/CB ).

Table 4 Basic and treatment cycle characteristics in the three COS protocol

Parameter GnRH antagonist protocol GnRHa follicular phase protocol GnRHa luteal phase protocol

D5              D6 D5              D6 D5              D6

ET cycles (n) 59 20 P 290 59 P 159 25 P

Maternal age (years) 32.47 ± 5.16 32.20 ± 5.05 0.86 30.26 ± 4.57 30.42 ± 4.09 0.79 31.28 ± 4.38 33.36 ± 4.34 0.03

BMI (kg/m2) 23.85 ± 3.94 22.89 ± 4.10 0.36 23.60 ± 4.56 22.66 ± 3.52 0.14 24.01 ±
12.59

22.96 ± 3.15 0.67

Infertility years (years) 2.99 ± 2.01 5.01 ± 3.39 0.02 3.15 ± 2.82 2.72 ± 2.40 0.27 2.83 ± 2.53 3.91 ± 3.55 0.06

Infertility type, n (%)

Primary 17/59
(28.81)

12/20
(60.00)

0.01 125/290
(43.10)

28/59
(47.45)

0.54 56/159
(35.22)

11/25
(44.00)

0.40

Secondary 42/59
(71.19)

8/20 (40.00) 165/290
(57.90)

31/59
(52.54)

103/159
(64.78)

14/25
(56.00)

Serum AMH (ng/ml) 3.96 ± 3.39 2.95 ± 2.27 0.19 5.40 ± 3.89 4.48 ± 3.13 0.09 4.59 ± 3.03 5.10 ± 4.79 0.48

bFSH (mIU/ml) 6.74 ± 2.31 8.38 ± 2.36 0.01 6.27 ± 1.84 6.52 ± 2.06 0.35 6.22 ± 1.61 6.96 ± 1.90 0.04

AFC (n) 14.02 ± 7.47 12.65 ± 6.50 0.47 17.18 ± 6.33 15.00 ± 6.32 0.02 14.89 ± 6.20 14.60 ± 6.27 0.83

Total dose of Gn (IU) 2276.39 ±
979.51

2793.75 ±
991.07

0.05 2300.00 ±
846.07

2364.42 ±
965.18

0.88 2265.99 ±
944.56

2270.24 ±
958.30

0.98

Duration of stimulation (days) 10.03 ± 1.68 10.25 ± 2.69 0.67 11.44 ± 2.27 11.39 ± 2.24 0.60 11.57 ± 1.74 11.28 ± 1.82 0.44

E2 on hCG day (pg/ml) 2854.20 ±
1286.06

2607.82 ±
1478.74

0.47 2795.05 ±
1250.47

2770.11 ±
1238.27

0.89 2891.72 ±
1258.30

2854.16 ±
1272.37

0.89

Progesterone on hCG day
(ng/ml)

0.80 ± 0.37 0.87 ± 0.47 0.52 0.70 ± 0.36 0.74 ± 0.41 0.60 0.79 ± 0.38 0.76 ± 0.33 0.72

Endometrial thickness (mm) 11.05 ± 2.54 11.77 ± 2.32 0.26 12.13 ± 2.40 12.02 ± 2.49 0.73 11.60 ± 2.56 10.97 ± 2.36 0.27

Oocytes retrieved (n) 13.90 ± 5.91 9.85 ± 5.64 0.01 16.03 ± 4.82 15.17 ± 5.48 0.22 15.33 ± 4.46 13.48 ± 4.92 0.06

Methods of Insemination, n
(%)

IVF 53/59
(89.83)

16/20
(80.00)

0.25 248/290
(85.51)

42/59
(71.18)

0.01 140/159
(88.05)

15/25
(60.00)

0.00

ICSI 6 /59
(10.16)

4/20 (20.00) 42/290
(14.48)

17/59
(28.81)

19/159
(11.94)

10/25
(40.00)

2PN (n) 9.88 ± 4.70 5.85 ± 3.95 0.001 11.04 ± 4.03 9.44 ± 4.38 0.01 10.89 ± 3.86 9.56 ± 3.56 0.11

Embryos available for transfer
(n)

5.90 ± 3.31 2.15 ± 1.46
0.001

6.70 ± 2.99 3.73 ± 2.12 <
0.001

6.76 ± 2.77 4.20 ± 2.52
0.001

Blastocyst formed (n) 5.34 ± 2.64 1.75 ± 0.97
0.001

6.02 ± 3.05 3.10 ± 2.50 <
0.001

5.70 ± 2.66 2.56 ± 1.61
0.001

CPR, n (%) 27/59
(45.76)

2/20 (10.00) 0.01 196/290
(67.59) 

24/59
(40.70)

<
0.001

81/159
(50.94)

7/25
(28.00)

0.03

Biochemical pregnancy loss,
n (%) 

5/59 (8.47) 3/20 (15.00) 0.42 22/290
(7.59)

5/59 (8.47) 0.82 19/159
(11.59)

1/25 (4.00) 0.32

Early miscarriage rate, n (%) 4/27 (14.81) 1/2 (50.00) 0.32 44/196
(22.45)

5/24 (20.83) 1.0 19/81
(23.46)

0 NA

Ectopic pregnancy 1/27 (3.70) 0 NA 1/196 (0.50) 0 NA 3/81 (3.70) 1/7 14.29 0.22

LBR, n (%) 22/59
(37.29 )

1/20 (5.00) 0.01 149/290
(51. 38)

19/59
(32.20)

0.01 56/159
(35.22)

6/25
(24.00)

0.27

Preterm <37 weeks, n (%) 2/59 (9.09) 0 0.85 15/149
(10.07)

2/19 (10.53) 0.95 5/56 (8.93) 1/6 (16.67) 0.54
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AFC Antral follicle count, AMH Anti-Müllerian hormone, BMI Body mass index, bFSH basal follicle stimulating hormone, CPR Clinical pregnancy rate, E2
Estradiol, ET Embryo transfer, HCG human chorionic gonadotropin, Gn Gonadotropin, ICSI Intracytoplasmic Sperm Injection, IVF In vitro fertilization, LBR Live
birth rate, PN Pronucleus

p < 0.05 was considered statistically signi�cant
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