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Abstract
Purpose To evaluate clinical outcomes after frozen-thawed blastocyst transfer (TBT) with blastocysts which were derived from
different cell numbers on day 3.
Methods The study included 1444 patients undergoing single autologous frozen-thawed blastocyst transfer cycles, which were
allocated to five groups according to the cell numbers on day 3 of the transferred blastocysts: ≤ 6-cell (n = 109), 7-cell (n = 169),
8-cell (n = 811), 9-cell (n = 136), and ≥ 10-cell (n = 219).
Results The LBR of the ≤ 6-cell group was found to be statistically lower than that of the 8-cell group in single TBTcycles which
had been transferred with fair quality blastocysts (defined as 4BB according to Gardner’s grading scale) (41.28% vs 55.73%, P =
0.004), while the miscarriage rate was significantly higher for the ≤ 6-cell group compared with the 8-cell group (25.00% vs
13.74%, P = 0.02). No differences were found between the two groups in terms of cPR (P = 0.06). However, for blastocysts
categorized as high quality according to Gardner’s classification (defined as 4AA/4AB/4BA), cPR, LBR, and early miscarriage
rates did not differ between the two groups (P = 0.76, P = 0.44, P = 0.40, respectively).
Conclusions When transferring blastocysts, an evaluation of the cleavage stage should be performed along with blastocyst
morphology to shorten the time of conceiving.

Keywords Frozen blastocyst transfer . Live birth rate . Cell number . Clinical pregnancy rate . Neonatal outcomes

Introduction

Theultimategoalof invitro fertilization (IVF) is to select themost
competent embryo to lead to a healthy newborn. In 2009,Centers
for Disease Control and Prevention reported that just 19% of

transferred embryos resulted in successful delivery [1]. In order
to improve the clinical outcomes of females with advanced age
andrepeated IVFfailures, twoembryosonday3are transferred in
some assisted reproductive centers. However, multiple pregnan-
cies may lead to increased maternal and neonatal complications
such as hypertension, hemorrhage, chorioamnionitis, pretermde-
livery, and low birth weight [2, 3]. Therefore, it is crucial to
decrease thenumberof embryos transferredby selectingembryos
with the highest developmental competence.

It has been well known that single embryo transfer (SET) is
the best practice for reducing multiple pregnancies in Assisted
Reproductive Technology (ART) [4]. In addition, elective sin-
gle blastocyst transfers have advantages over elective single
cleavage-stage embryo transfers [5]. Extended in vitro culture
and blastocyst transfer is considered a successful approach in
IVF as they allow better embryo selection following activation
of the embryonic genome, which results in higher implanta-
tion rates [6, 7]. Although preimplantation genetic testing for
aneuploidies (PGT-A) and time-lapse systems are frequently
used in many labs, morphological evaluation systems are still
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the most widely used method in embryo selection.
Morphological criteria, such as grading of inner cell mass
(ICM), trophectoderm cells (TE), and blastocele expansion
have been utilized for blastocyst evaluation. It has been re-
ported that blastocysts which have the better grading of ICM
and TE are related to a higher euploidy rate as well as a higher
implantation rate when compared with blastocysts which have
lower morphology scores [7]. Even for euploid blastocysts,
morphological scores have been used to select blastocysts of
higher implantation potential [8]. However, in clinical prac-
tice, it is common that there are some blastocysts with the
same morphological grading for one patient, leading to the
question of which is the optimal blastocyst to be transferred
first. It has been asked whether the cell number of the
cleavage-stage embryos on day 3 has an effect on the devel-
opmental competence of the homologous blastocysts. A the-
oretical solution to this problem will be beneficial for optimiz-
ing the sequence of freezing blastocysts which, in turn, helps
minimize waiting time for a live birth. It is still largely un-
known whether day 3 cleavage-stage embryos with different
cell numbers relates to the implantation potential of blasto-
cysts derived from them. Hence, the aim of this study was to
assess whether day 3 cell numbers are associated with the final
clinical outcomes of the homologous blastocysts.

Materials and methods

Study design and participant cohort

We performed a retrospective cohort study which included
all first single autologous TBT cycles carried out between
January 2015 and October 2017 at the Center for
Reproductive Medicine in anonymity. The patients were
divided into five groups according to the cell number on
day 3 of the transferred blastocysts: (i) ≤ 6-cell; (ii) 7-cell;
(iii) 8-cell; (iv) 9-cell; (v) ≥ 10-cell. During the study,
5737 first TBT embryo transfers without fresh cycles were
performed. Blastocysts were drawn from “freeze all” strat-
egy cycles for canceled embryo transfers in fresh cycles.
Inclusion criteria were female age ≤ 35 years at retrieval,
day 5 blastocysts assessed as 4BB according to criteria by
Gardner and Lane [9], and participants undergoing a sin-
gle autologous TBT. Exclusion criteria were donor cycles,
preimplantation genetic testing for aneuploidies (PGT-A)
cycles, day 6 blastocysts, day 5 blastocysts assessed as
over or less than 4BB. The participant selection process
is detailed in Fig. 1. The study’s primary outcome was
LBR, while secondary outcomes included cPR, miscar-
riage rate, multiple pregnancy rate, and neonatal out-
comes. This study was carried out in accordance with
the guidelines of the International Conference on
Harmonization and was approved by the Institutional

Review Board of Reproductive Medicine at Shandong
University (registration NO. 2013 IRB NO. 19).

Ovarian stimulation, oocyte insemination, embryo
culture, and scoring

There were no restrictions on ovarian stimulation protocols.
Ovarian stimulation and oocyte collection were performed as
has been previously described [10]. COCS were either insem-
inated in 4-well plates with approximately 100,000 motile
spermatozoa for each oocyte (IVF), or they underwent
introcytoplasmic sperm injection (ICSI). Sequential culture
media from Vitrolife (G-IVF, G1, and G2; Scandinavian IVF
Science, Sweden; 10,135, 10,127, and 10,131) was applied
for all procedures. On day 3, two good quality embryos were
routinely selected for transfer. Good quality embryos on day 3
(observation time: IVF, 68 hpi-68.5 hpi; ICSI, 67 hpi-67.5
hpi), were defined as ≥ 7 cells with a grade ≥ 3 according to
criteria from Puissant [11]. All supernumerary embryos con-
taining ≥ 4 cells with grade two and over were cultured until
day 5 or six. On day 5/6 (observation time 119 hpi–120 hpi/
143 hpi–144hpi), the quality of the blastocysts was evaluated
using Gardner and Lane’s classification. Based on this classi-
fication, only high (4AA/4AB/4BA, 5AA/5AB/5BA), fair
(4BB/5BB), and weak (4AC/4BC, 5AC/5BC) blastocysts
were selected for cryopreservation (Supplementary Fig. 1).
All other blastocysts were destroyed. Several equally skilled
embryologists took turns at performing embryo grading and
freezing to reduce the cases of discordance among them.

Blastocyst vitrification and thawing procedures

Vitrification was carried out using the Mukaida protocol with
cryoloop [12]. The base medium contained 5 mg/ml HSA in
HEPES-buffered–modified hTF medium. Blastocysts were
firstly placed into the base medium before being transferred
into the base medium containing 7.5% (v/v) DMSO and 7.5%
(v/v) EG (vitrification solution I) for 2 min. Finally, blasto-
cysts were suspended in the base medium containing 15%
(v/v) DMSO and 15% (v/v) EG as well as 10 mg/ml Ficoll
70 (Pharmacia Biotech, Sweden, CB9248463) and 0.65 mol/l
sucrose (vitrification solution II) for 30 s before being quickly
plunged into liquid nitrogen. Warming was performed in a
four-well multi-dish following the Mukaida protocol.
Blastocysts were incubated in a base medium containing
0.33 mol/l sucrose (thawing solution I), a base medium con-
taining 0.2 mol/l sucrose (thawing solution II), and a base
medium for 2, 3, and 5 min at 37 °C, respectively.

Frozen-thawed blastocyst transfer

The protocols of endometrial preparation for frozen-thawed
blastocyst transfer were carried out as previously described
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[10]. Vitrified blastocysts were thawed on the morning of
transfer day. Assisted hatching was then applied to all thawed
embryos half an hour after thawing. The blastocysts were
incubated for 4 to 5 h before transfer, and only expanded
blastocysts were transferred. In other cases, the transfer was
canceled. Twelve days of luteal support was routinely provid-
ed after transfer, irrespective of pregnancy status. For patients
with an ongoing pregnancy, progesterone was continued for
10 weeks of gestation, with the dosage gradually reduced after
confirming the occurrence of the fetal heart.

Diagnosis of pregnancy and neonatal outcomes

An observation of fetal cardiac activity 7 weeks after transfer
was defined as a clinical pregnancy. A live birth was defined
as a delivery of a viable infant at ≥ 28 weeks of gestation.
Early miscarriage was defined as complete pregnancy loss at
< 20–28 weeks of gestation. Neonatal outcomes included ges-
tational age at delivery (days), pre-term birth (< 37 weeks),
and post-term birth (≥ 41 weeks), low birth weight (<
2500 g), and high birth weight (≥ 4000 g) [13].

Statistical analysis

The software package SPSS version 16.0 was used for statis-
tical analysis. Student’s t distribution and chi-square (χ2) or
Fisher’s exact test were used to analyze means and propor-
tional values respectively. A P value of < 0.05 was considered
statistically significant. In order to locate confounders that
may be independently related to live birth, we performed a
logistic regression analysis. Patient age (> 35 years old), en-
dometrial thickness, day 3 cell number (≤ 6-cell versus 8-cell),
blastocyst quality, and the day of blastocyst expansion (day 5
vs day 6) were entered into the multiple logistic regression
model.

Results

Study population

The process of patients’ inclusion is detailed in Fig. 1. From
the initial cohort of 5737 first TBT cycles without fresh

Fig. 1 Flow of patients through
the trial
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embryo transfers which were conducted in our reproductive
center during the study period, 4293 TBTcycles were exclud-
ed for the following reasons: female age over 35 years (n =
491), TBT cycles performed on day 6, PGT-A cycles and
donor cycles (n = 1425), and TBT cycles with day 5 blasto-
cysts assessed as over or less than 4BB according to Gardner
and Lane’s criteria (n = 2377). In total, 1444 TBT cycles with
single blastocyst transfers were included. Patients were divid-
ed into five groups based on the cell numbers on day 3 of the
transferred blastocysts: ≤ 6-cell (n = 109), 7-cell group (n =
169), 8-cell group (n = 811), 9-cell group (n = 136), and ≥
10-cell group (n = 219).

Baseline characteristics

Baseline characteristics were compared between the 8-cell
(ref.) and ≤ 6-cell, 7-cell, 9-cell, and ≥ 10-cell groups, respec-
tively. As shown in Table 1, no differences were found in any
of the examined baseline characteristics between 8-cell groups
and other groups. In addition, survival and expanding rates
after vitrification-warming were 100% for all studied groups.

Clinical and neonatal outcomes

As can be seen in Table 2, there were no significant differ-
ences in cPR between the ≤ 6-cell and 8-cell groups (55.05%

vs 64.61%, P = 0.06). However, LBR for the ≤ 6-cell group
was significantly lower than that of the 8-cell group (41.28%
vs 55.73%, P = 0.004), while the miscarriage rate was statis-
tically higher for the ≤ 6-cell group than the 8-cell group
(25.00% vs 13.74%, P = 0.02). In addition, cPR, LBR, and
miscarriage rates did not differ between the 8-cell group and
the other groups (that is, the 7-cell, 9-cell, and ≥ 10-cell
groups) (see Table 2). Regarding neonatal outcomes, infants
in the 8-cell group had a significantly lower mean birth weight
when compared to those from the ≥ 10-cell group (3.40 kg ±
0.54 vs 3.52 kg ± 0.49, P = 0.03). Additionally, the percentage
of infants in the 8-cell group with a birth weight of ≤ 2500 g
was significantly higher than that in the ≥ 10-cell group
(5.29% vs 0.86%, P = 0.04), and the same trend was found
for the rate of infants with premature deliveries (< 37 weeks
GA) (8.05% vs 2.59%, P = 0.04) (Table 2).

In order to investigate clinical outcomes for high-quality
blastocysts derived from the ≤ 6-cell group on day 3, we com-
pared these blastocysts with high, fair, and weak quality blas-
tocysts derived from 8-cell on day 3, respectively. Results
showed that the LBR of high blastocysts derived from the ≤
6-cell on day 3 was markedly higher than that of weak blas-
tocysts derived from the 8-cell on day 3 (61.76% vs 44.44%,
P = 0.04), while cPR andmiscarriage rates were similar for the
two groups (70.59% vs 55.56%, P = 0.06; 12.50% vs 20.00%,
P = 0.33, respectively). In addition, cPR, LBR, and

Table 1 The demographics of TBTcycles with fair quality blastocysts derived from cleavage stage embryos with cell numbers of ≤ 6, 7, 8, 9, and ≥ 10
on day 3

≤6-cell derived P 7-cell derived P 8-cell derived
(Ref.)

9-cell derived P ≥ 10-cell derived P

NO. of cycles 109 – 169 – 811 136 – 219 –

Female age (years) (± SD) 29.55 ± 3.46 NS 29.24 ± 3.40 NS 29.24 ± 3.34 28.88 ± 3.29 NS 29.47 ± 3.81 NS

BMI (kg/m2) 23.47 ± 4.17 NS 23.32 ± 3.71 NS 23.08 ± 3.47 23.11 ± 3.85 NS 23.61 ± 3.65 NS

Type of infertility

Primary 52.29%(57/109) NS 56.21%(95/169) NS 59.31%(481/811) 65.44%(89/136) NS 59.36% (130/219) NS

Secondary 47.71%(52/109) NS 43.79%(74/169) NS 40.69%(330/811) 34.56%(47/136) NS 40.64% (89/219) NS

Patient’s ovarian reserve

Basal serum FSH (IU/l) 5.96 ± 1.19 NS 5.87 ± 1.17 NS 6.14 ± 1.61 5.99 ± 1.33 NS 6.01 ± 1.50 NS

Basal serum LH (IU/l) 6.51 ± 4.05 NS 6.00 ± 3.91 NS 6.55 ± 4.26 6.48 ± 4.19 NS 7.07 ± 4.40 NS

AMH (ng/ml) 7.48 ± 4.30 NS 7.19 ± 4.49 NS 7.51 ± 4.68 6.89 ± 4.19 NS 7.94 ± 5.23 NS

E2 on hCG trigger day
(pg/ml)

4976.04 ± 2507.70 NS 4968.50 ± 2191.64 NS 4870.56 ± 2279.81 4748.06 ± 2273.87 NS 4734.18 ± 2352.92 NS

Duration of stimulation
(days)

10.12 ± 1.76 NS 10.08 ± 1.57 NS 10.12 ± 1.67 10.14 ± 1.47 NS 10.04 ± 1.59 NS

Total dose of Gn
administrated (IU)

1819.23 ± 608.19 NS 1845.18 ± 501.24 NS 1874.15 ± 753.26 1833.21 ± 625.61 NS 1805.17 ± 527.65 NS

Endometrial thickness
(cm)

0.95 ± 0.15 NS 0.97 ± 0.17 NS 0.97 ± 0.16 0.96 ± 0.17 NS 0.96 ± 0.15 NS

Ref. reference; BMI body mass index; FSH follicle-stimulating hormone; LH luteinizing hormone; AMH anti mullerian hormone; NS not significant

Values are presented as number (%) or mean ± SD

P value was compared with 8-cell derived blastocysts group by the chi-square (χ2) test or t test
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miscarriage rates did not differ between high blastocysts de-
rived from the ≤ 6-cell and 8-cell on day 3 (Table 3).

In order to determine the clinical outcomes of single blas-
tocysts transfers derived from different degrees of

Table 2 Clinical outcomes of TBTcycles with fair quality blastocysts derived from cleavage stage embryos with cell numbers of ≤ 6, 7, 8, 9, and ≥ 10
on day 3

≤ 6-cell
derived

P 7-cell derived P 8-cell derived
(Ref.)

9-cell derived P ≥10-cell
derived

P

No. of cycles 109 – 169 – 811 136 – 219 –

Clinical pregnancy rate 55.05%
(60/109)

NS 66.27%
(112/169)

NS 64.61%
(524/811)

58.82%
(80/136)

NS 65.30%
(143/219)

NS

Miscarriage rate 25.00%
(15/60)

0.02 16.96%
(19/112)

NS 13.74%
(72/524)

21.25%
(17/80)

NS 16.78%
(24/143)

NS

Multiple pregnancy rate 1.67% (1/60) NS 1.79% (2/112) NS 3.24% (17/524) 5.00% (4/80) NS 2.10% (3/143) NS

Total Live birth rate 41.28%
(45/109)

0.004 55.03%
(93/169)

NS 55.73%
(452/811)

46.32%
(63/136)

NS 54.34%
(119/219)

NS

Singleton live birth rate 40.37%
(44/109)

0.009 53.85%
(91/169)

NS 53.64%
(435/811)

43.38%
(59/136)

0.03 52.97%
(116/219)

NS

Mean birth weight, kg 3.39 ± 0.53 NS 3.47 ± 0.71 NS 3.40 ± 0.54 3.54 ± 0.56 NS 3.52 ± 0.49 0.03

Birth weight ≥ 4000 g 15.91%
(7/44)

NS 15.38%
(14/91)

NS 14.25%
(62/435)

25.42%
(15/59)

0.03 20.69%
(24/116)

NS

Birth weight ≤ 2500 g 2.27% (1/44) NS 7.69% (7/91) NS 5.29% (23/435) 5.08% (3/59) NS 0.86% (1/116) 0.04

Gestational age at birth, days 275.73 ± 9.68 NS 274.48 ± 12.00 NS 274.00 ± 13.44 274.25 ± 11.83 NS 275.94 ± 8.24 NS

Number of premature deliveries
(< 37 weeks GA)

6.82% (3/44) NS 7.69% (7/91) NS 8.05% (35/435) 6.78% (4/59) NS 2.59% (3/116) 0.04

Number of deliveries
(> 41 weeks GA)

11.36%
(5/44)

NS 6.59% (6/91) NS 9.66% (42/435) 8.47% (5/59) NS 10.34%
(12/116)

NS

Sex ratio (male/female) 1.44 (26/18) NS 1.02(46/45) NS 1.14 (232/203) 1.46 (35/24) NS 1.52 (70/46) NS

Ref. reference; NS not significant; GA gestational age

Values are presented as number (%) or mean ± SD

P value was compared with 8-cell derived blastocysts group by the chi-square (χ2) test or t test

Table 3 Clinical outcomes of TBTcycles with high quality blastocysts derived from ≤ 6-cell versus high/fair/weak quality blastocysts derived from 8-
celll on day 3

≤ 6-cell derived high
quality blastocysts

8-cell derived high
quality blastocysts

P 8-cell derived fair
quality blastocysts

P 8-cell derived weak
quality blastocysts

P

NO. of cycles 102 1258 – 811 – 54 –

Clinical pregnancy rate 70.59% (72/102) 69.16% (870/1258) NS 64.61% (524/811) NS 55.56% (30/54) NS

Miscarriage rate 12.50% (9/72) 16.32% (142/870) NS 13.74% (72/524) NS 20.00% (6/30) NS

Multiple pregnancy rate 1.39% (1/72) 2.18% (19/870) NS 3.24% (17/524) NS 6.67% (2/30) NS

Total live birth rate 61.76% (63/102) 57.87% (728/1258) NS 55.73% (452/811) NS 44.44% (24/54) 0.04

Singleton live birth rate 60.78% (62/102) 56.36% (709/1258) NS 53.64% (435/811) NS 40.74% (22/54) 0.02

Mean birth weight, kg 3.40 ± 0.49 3.47 ± 0.51 NS 3.40 ± 0.54 NS 3.46 ± 0.35 NS

Birth weight ≥ 4000 g 11.29% (7/62) 15.23% (108/709) NS 14.25% (62/435) NS 9.09% (2/22) NS

Birth weight ≤ 2500 g 1.61% (1/62) 3.39% (24/709) NS 5.29% (23/435) NS 0.00% (0/22) NS

Gestational age at birth, days 275.85 ± 9.80 275.10 ± 11.73 NS 274.00 ± 13.44 NS 277.77 ± 5.72 NS

Number of premature
deliveries (<37 weeks GA)

9.68% (6/62) 6.35% (45/709) NS 8.05% (35/435) NS 0.00% (0/22) NS

Number of deliveries
(>41 weeks GA)

9.68% (6/62) 9.17% (65/709) NS 9.66% (42/435) NS 4.55% (1/22) NS

Sex ratio (male/female) 1.38 (36/26) 1.17 (382/327) NS 1.14 (232/203) NS 1.20 (12/10) NS

Note: NS = not significant; GA = gestational age

Values are presented as number (%)

P value was compared with ≤ 6-cell derived blastocysts group by the Chi-square (χ2) test
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fragmentation on day 3, we compared the clinical outcomes of
TBT cycles with blastocysts derived from 7 to 10 cells with
fragmentation of < 10% and 30–50% on day 3. As can be seen
in Table 4, cPR, LBR, and miscarriage rates were similar for
the two groups (64.76% vs 64.31%, P = 0.93; 55.24% vs
54.47%, P = 0.88; 14.71% vs 15.30%, P = 0.90 respectively).

Multivariate analysis

We performed a multivariate analysis to adjust for the follow-
ing potential confounding factors: female age (> 35 years old),
endometrial thickness, day 3 cell number (≤ 6-cell or 8-cell),
day of blastocyst expansion (D5 or D6) and embryo quality
(Table 5). The following variables were found to be

independently associated with LBR: female age at the time
of oocyte collection was associated with a significant decrease
in the LBR compared to female age ≤ 35 years (OR = 0.40;
95% CI [0.32–0.51]; P < 0.001), as was ≤ 6-cell on day 3
(OR = 0.69; 95% CI [0.51–0.94]; P < 0.02). In contrast, endo-
metrial thickness, a good quality embryo transfer (> 4BB),
and blastocyst expansion on D5 all had a significant positive
impact on LBR (OR = 2.08; 95% CI [1.34–3.22]; P = 0.001,
OR = 1.77; 95% CI [1.29–2.42]; P < 0.001 and OR = 1.54;
95% CI [1.14–2.08]; P = 0.005 respectively).

Discussion

Our findings suggest that LBR following TBTwith fair qual-
ity blastocysts derived from ≤ 6 cell embryos on day 3 was
significantly lower than from 8-cell on day 3. These results are
in line with our previous studies, which indicated that 6-cell
embryos had a markedly lower LBR rate than that of 8-cell
embryos in day 3 single embryo transfer cycles [14] as well as
literature confirming the disadvantages of slower embryos
over typically progressing embryos [15]. There are several
possible causes of embryos with low cell numbers: (1)
prolonged cell cycles; (2) fragmentation resulting in fewer
surviving blastomeres; (3) developmental arrest or unex-
plained developmental delays [16]. Interestingly, we found
LBR did not differ between high quality blastocysts derived
from ≤ 6-cell and 8-cell embryos on day 3 in TBT cycles. We
hypothesize that embryos with low cell numbers on day 3
could be accelerated and repaired during subsequent develop-
ment. If partially repaired, slow embryos will progress to be-
come fair quality blastocysts. High quality blastocysts could
then be obtained after complete repair. To the best of our
knowledge, this is the first paper to specifically compare
LBR after TBT with blastocysts derived from different cell
numbers on day 3. Our results could be beneficial for optimiz-
ing the sequence of freezing blastocysts on day 5 and so de-
creasing the time of conceiving for patients undergoing IVF/
ICSI treatment.

Table 4 Clinical outcomes of TBT cycles with fair quality blastocysts
derived from 7- ≥ 10 cell cleavage stage embryos with fragmentation of
<10% and 30%–50% on day 3

Fair quality blastocysts
derived from 7 to ≥ 10
cells with fragmentation
of < 10%

fair quality
blastocysts derived
from 7 to ≥ 10-cell
with fragmentation of
30–50%

P

NO. of cycles 1230 105 –

Clinical
pregnancy rate

64.31% (791/1230) 64.76% (68/105) NS

Miscarriage
rate

15.30% (121/791) 14.71% (10/68) NS

Multiple
pregnancy rate

2.91% (23/791) 4.41% (3/68) NS

Total live birth
rate

54.47% (670/1230) 55.24% (58/105) NS

Singleton live
birth rate

52.60% (647/1230) 52.38% (55/105) NS

Mean birth
weight (kg)

3.44 ± 0.55 3.47 ± 0.80 NS

Birth
weight ≥
4000 g

16.54% (107/647) 14.55% (8/55) NS

Birth
weight ≤
2500 g

4.95% (32/647) 5.45% (3/55) NS

Gestational age
at birth, days

274.24 ± 12.96 274.61 ± 11.14 NS

Number of
premature
deliveries
(< 37 weeks
GA)

6.80% (44/647) 10.91% (6/55) NS

Number of
deliveries
(> 41 weeks
GA)

9.43% (61/647) 7.27% (4/55) NS

Sex ratio
(male/female)

1.22 (355/292) 1.16 (29/26) NS

NS not significant; GA gestational age

Values are presented as number (%)

P value was calculated by the Chi-square (χ2) test

Table 5 Logistic regression analysis of the risk factors affecting the live
birth rate after frozen-thawed blastocyst transfer

Parameters OR 95% CI P

Age > 35 y/o at retrieval 0.40 0.32–0.51 < 0.001

Endometrial thickness 2.08 1.34–3.22 0.001

Day 3 cell number (≤ 6 cells versus 8 cells) 0.69 0.51–0.94 0.02

Good quality embryo transfer 1.24 1.07–1.45 0.005

Day 5 versus day 6 blastocyst 1.54 1.14–2.08 0.005

y/o years old, OR odds ratio, CI confidence interval

A good-quality embryo was defined as a stage 4 or stage 5 blastocysts ≥
BB based on Gardner and Lane’s criteria
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In this study, we found that high-quality blastocysts derived
from ≤ 6 cell embryos on day 3 had an advantage over weak
blastocysts derived from 8-cell embryos on day 3. Both of
these were day 5 blastocysts which were first transferred in
TBT cycles therefore eliminating the day of blastocyst expan-
sion bias. We suggest that blastocysts with a better grading of
inner cell mass (ICM) and trophoderm cells (TE) are associ-
ated with higher euploidy rates and thus a higher LBR com-
pared with blastocysts with lower morphology scores, regard-
less of cell numbers on day 3 of the blastocysts [7].

We found no significant difference in the clinical out-
comes of blastocysts derived from cleaved embryos with
fragmentation of < 10% vs 30–50%. This result is in agree-
ment with that reported by Mizobe et al. (2016). Those au-
thors reported that the blastocyst formation rate did not dif-
fer between normal cleaved embryos with a fragmentation
of < 10% and normal cleaved embryos with fragmentation
of 10–50% [17]. It seemed that embryos could self-repair
and develop into blastocysts during the process of develop-
ment. It has also been reported that recent improvement of
culture media and environment mean that typically cleaved
embryos are able to develop into blastocysts despite the
presence of fragmentation [18–20]. Therefore, the presence
or absence of fragmentation on day 3 does not appear to
affect the blastocyst pregnancy rate.

A degree of controversy remains in literature discussing the
developmental potential of fast cleaving embryos, defined as
with 10 or more blastomeres on day 3. Alikani et al. suggested
that fast cleaving embryos on day 3 should not be selected for
transfer due to the possibility of chromosomal or epigenetical
abnormity [21]. In contrast, Luna et al. (2008) reported that
these embryos had been associated with a high rate of progres-
sion to blastocyst stage as well as high LBR. In this study, we
found that the clinical outcomes of blastocysts derived from ≥
10-cell embryos on day 3 did not differ from those of blasto-
cysts derived from typically progressing embryos on day 3 in
TBT cycles. These findings are consistent with those which
suggest that increased day 3 cell number is related to improved
blastocysts formation rate, LBR, and embryo morphology
[22–25]. In addition, blastocysts derived from fast cleaving
embryos on day 3 had improved neonatal outcomes including
high mean birth weight, low rate of infants with low-birth
weight (≤2500 g), and low rate of premature deliveries. Our
explanation for the phenomenon is that the fast cleaving em-
bryos on day 3 may have maintained the rapid development
speed until delivery compared with normal cleaving embryos
on day 3. But, this is just our speculation, further studies
would be required to fully confirm these findings.

In keeping with much existing research, the results of our
study suggest that embryo quality has a significant positive
effect on LBR [26–28]. In addition, after multivariate logistic
regression analysis, blastocyst expansion on day 5 is indepen-
dently associated with an increase in LBR compared with day

6 blastocyst expansion. This supports a study by Ferreux et al.
which found that LBR following TBT is higher with blasto-
cysts expanded on day 5 than day 6 [29].

This study has several limitations. Firstly, the morpholog-
ical method is a poor predictive value in embryo selection,
although blastocyst quality was uniform among the groups.
Secondly, the study is limited by the subjective nature of mor-
phological assessment, even though inter-embryologist vari-
ability is minimal in our practice. Thirdly, the nature of retro-
spective studies is a limitation. Further prospective studies are
needed to confirm our findings.

In conclusion, this study provides strong evidences that fair
blastocysts which have been derived from ≤ 6 cell embryos on
day 3 exhibit disadvantages over those derived from 8-cell
embryos on day 3. However, these disadvantages disappear
in high quality blastocysts. Therefore, when transferring blas-
tocysts, an evaluation of the cleavage stage should be per-
formed along with blastocyst morphology to shorten the time
of conceiving.
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