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Abstract
To investigate the effect of the number of embryo cells on the clinical outcome of frozen-thawed embryo transfer and explore 
the optimal policy for decreases of multiple pregnancy rate, patients who experienced day 3 vitrified double frozen-thawed 
embryo transfer were retrospectively analyzed. According to the number of embryonic cells in each pre-frozen embryo, 
the patients were divided into six groups:  8C2 (two 8-cell embryos),  8C1– <  8C1 (one 8-cell embryo and one under-8-cell 
embryo),  8C1– >  8C1 (one 8-cell embryo and one over-8-cell embryo), <  8C2 (two under-8-cell embryos), <  8C1– >  8C1 (one 
under-8-cell embryo and one over-8-cell embryo), and >  8C2 (two over-8-cell embryos). The clinical data were analyzed. 
The classification decision tree was used to analyze the optimal transfer strategy. A total of 2184 cycles of day 3 vitrified 
double frozen-thawed embryo transfer were enrolled. In day 3 double frozen-thawed embryo cycles, the  8C2 group and 
 8C1– >  8C1 group had significantly (P < 0.05) higher pregnancy and multiple pregnancy rates than the other groups. No sig-
nificant (P > 0.05) difference existed in the pregnancy rate and live birth rate between the  8C1– <  8C1 group,  8C2 group and 
 8C1– >  8C1 group, but the implantation rate and multiple pregnancy rate in the  8C1– <  8C1 group were significantly (P < 0.05) 
lower than in the other two groups. Compared with the multiple pregnancy rate of all cycles, the cycles in two branches 
showed significantly (P < 0.05) higher multiple pregnancy rates (≤ 29 years old:  8C2 /  8C1– >  8C1; 29 < age ≤ 36 years for 
the first transfer:  8C2 /  8C1– <  8C1 /  8C1– >  8C1, one branch showed similar rate (≤ 29 years old:  8C2 /  8C1– >  8C1) for the 
first transfer, and the remaining four branches demonstrated significantly (P < 0.05) lower rates. The clinical pregnancy rates 
before and after optimization were 51.0% vs 50.5%, and the multiple pregnancy rates were 38.5% vs 16.9%. In conclusion, 
the number of pre-frozen embryonic cells is an important factor affecting the clinical outcome of frozen-thawed embryo 
transfer in day 3 double good embryos frozen-thawed cycles. The age of patient, number of embryo cells, and the first time 
of transfer are the most valuable parameters for prediction. For women ≤ 29 years old, the single embryo transfer (SET) 
strategy was to choose an embryo ≥ 8 cells, and for women with < 29 age ≤ 36 years old, the SET strategy in the first transfer 
was to choose an embryo ≥ 8 cells.

Keywords Frozen-thawed embryo transfer · Morphological score · Multiple pregnancy rate · Birth rate · Embryonic cell 
numbers

Introduction

The main challenge and goal of in vitro fertilization (IVF) is 
to cultivate and select the best embryo for achieving the best 
maternal–fetal outcome. In real-world practice, the number 
of embryos transferred is often increased in order to improve 
the pregnancy rate, but a subsequent problem is iatrogenic 
multiple pregnancies to affect both mothers and newborns. 
For example, from the maternal perspective, the incidence 
of obstetric complications, such as gestational diabetes, 
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hypertensive disorders, postpartum hemorrhage, and risks 
during cesarean section, has significantly increased. From 
the perspective of fetus and newborns, the incidence of pre-
mature birth, low birth weight, cerebral palsy, neurologi-
cal complications, and perinatal mortality has significantly 
increased [1, 2]. In order to reduce the rate of multiple 
pregnancies after assisted reproductive technology (ART), 
it is necessary to optimize the strategy of elective single 
embryo transfer (eSET). Single blastocyst transfer (SBT) 
has become the preferred strategy in many centers in the 
world because SBT can lead to a more satisfying pregnancy 
rate [3]. However, compared with cleavage stage embryo 
transfer, reports of preterm delivery, monozygotic twins, 
macrosomia, congenital malformations and sex ratio changes 
after blastocyst transfer have also attracted great attention. In 
addition, the epigenetic changes related to long-term embryo 
culture are another issue nonnegligible [4]. Extending the 
culture period to the blastocyst stage also increases the risk 
of cycle canceling due to lack of embryo transfer. Therefore, 
it is advisable to make an accurate choice between eSET 
and double embryo transfer (DET) during the cleavage 
stage [5]. The morphological criteria for evaluating embryo 
implanting potential in fresh cycles have developed from 
cell numbers, blastomeric symmetry, and cell fragmentation 
rates during the cleavage stage [6] to the quality of inner 
cell mass and nourishing ectoderm during the blastula stage 
[7]. Although the embryonic development and morphology 
helps to evaluate which embryos have the highest implan-
tation potential and live birth rate, it may also affect the 
number of embryo transfer [8] or the best date for embryo 
transfer [9]. However, due to the spatiotemporal particular-
ity of frozen-thawed cycles as well as freezing and resus-
citation impact, the significance of morphological evalua-
tion to frozen-thawed cycles may not be completely equal 
to that for fresh cycles. Moreover, frozen-thawed embryo 
transfer eliminates the effect of high estrogen levels or early 
progesterone elevation on endometrium in the fresh cycles, 
which is of great significance for evaluating the relation-
ship between embryo morphology and clinical outcome. 
At present, in order to improve the utilization of embryos, 
some reproductive centers choose to freeze a small number 
of embryos on day 3 and to culture the remaining ones at 
the blastocyst stage. The patients who have already obtained 
Day 3 frozen embryos (double embryos in one Cryocar-
rier) and attempted to reproduce (for the first time or more) 
through frozen-thawed embryo transfer cycles are faced with 
the problem of clinical efficiency improvement. The num-
ber of embryonic cells is the most important and objective 
parameter of embryo morphology. Therefore, the purpose 
of this study was to investigate the relationship between the 
cell number of pre-frozen embryos and the clinical outcome 
of frozen–thawed cycles and to provide support for embryo 

freezing and transfer strategies in combination with clas-
sification decision tree.

Materials and methods

Subjects

This study was approved by the ethics committee of our hos-
pital, and all patients had given their signed informed con-
sent to participate. The clinical data of patients who under-
went day 3 vitrified double frozen-thawed embryo transfer 
(DFET) in our hospital from January 2018 to February 2019 
were retrospectively analyzed. According to the number of 
embryonic cells in the pre-frozen embryos, the patients 
were divided into six groups:  8C2 (two 8-cell embryos), 
 8C1– <  8C1 (one 8-cell embryo and one under-8-cell 
embryo),  8C1– >  8C1 (one 8-cell embryo and one over-8-cell 
embryo), <  8C2 (two under-8-cell embryos), <  8C1– >  8C1 
(one under-8-cell embryo and one over-8-cell embryo), 
and >  8C2 (two over-8-cell embryos). The inclusion criteria 
were (i) high-quality embryos derived from two pro-nucleus 
(2PN) fertilized embryos, with cell fragments less than 10% 
and cell heterogeneity below moderate, (ii) all survived after 
resuscitation, and (iii) double embryos being transferred on 
day 3.

The data of eSET selected from day 3 vitrified double 
frozen–thawed embryos through optimized transfer strategy 
from January 2020 to April 2020 were confirmed. The inclu-
sion criteria were (i) high-quality embryos with fragments 
less than 10% and cell inequality below moderate, and (ii) 
all survived after resuscitation.

Methods of culture, score, freezingand 
thawing

Embryo culture

Conventional ovarian stimulation strategy was used. The 
oocytes were harvested 36 h after human chorionic gon-
adotropin (HCG) injection, and the oocytes were insemi-
nated through conventional IVF/ICSI (intracytoplasmic 
sperm injection). The oocytes were placed in the cleavage 
embryo culture fluid (G1-plus Vitrolife, Sweden) 16–18 h 
after insemination, and the fertilization was observed. The 
morphology of Day 3 embryos was evaluated 48 h after cul-
ture, and whether to perform embryo transfer on Day 3 in 
the fresh cycle or to freeze the embryos was determined 
by the clinical conditions of the patients. According to the 
condition of embryos, the Day 3 embryos were frozen in 1–2 
Cryocarriers (2 embryos per Cryocarrier), and the remaining 
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embryos were cultured in medium droplets (G2-plus, Vit-
rolife, Sweden).

Embryo score and freezing standard

The cleavage stage embryos were evaluated according to 
the traditional morphological scores, including the number 
of blastomeres, degree of cell fragments, average degree of 
blastomeres, and appearance of mononucleated or multinu-
cleated vacuoles. The Day 3 embryo freezing standard was 
(i) fertilized embryos derived from 2PN, (ii) the number 
of cells not less than 6, (iii) fragments less than 10%, (iv) 
heterogeneity less than moderate, and (v) no obvious mor-
phological abnormality.

Embryo freezing and thawing

Day3 embryos were vitrified and thawed according to the 
Crytop-method reported by Kuwayam [10], and commer-
cial kits (Kitazato, Japan) were used. After thawing, they 
were washed several times in the culture medium and finally 
transferred to the overnight balanced blastocyst culture 
medium (G-2plus Vitrolife, Sweden). Then they were put 
in the 37 °C, 6% CO2 incubator and scored for 2 h. Finally, 
the embryos were transferred about 6 h later.

Endometrial preparation and clinical pregnancy 
confirmation

The endometrium was not specially prepared for patients 
with regular menstrual cycle and normal ovulation, and the 
natural cycle was application. Transvaginal ultrasound was 
performed to monitor follicular development from the 9th to 
10th day of menstrual cycle. Oral estradiol valerate (Prog-
ynova) was administrated at a dosage of 1–2 mg daily as 
appropriate when the endometrial thickness was insufficient. 
The standard of dominant follicle ≥ 16 mm and endometrial 
thickness ≥ 7 mm should be met during ovulation. Embryo 
transfer was performed on the third day after ovulation. 
All patients were given a daily intramuscular injection of 
20 mg progesterone as luteal support starting from the day 
of ovulation.

In artificial cycle, all patients received oral estradiol 
valerate (Progynova) at a dosage of 2–4 mg twice daily 
beginning on the third day of their cycles. Transvaginal 
ultrasound was performed to monitor endometrial thick-
ness. Progesterone supplementation was commenced at a 
dosage of 40–60 mg daily of intramuscular injection when 
the serum E2 was ≥ 200 pg/ml and the endometrial thickness 
was ≥ 7 mm. Embryo transfer was performed on the fourth 
day of progesterone administration. Intramuscular progester-
one was continued with Crinone 90 mg daily supplemented 
as luteal support. The regular menstrual cycle of endometrial 

preparation in the natural cycle was used in patients with 
normal ovulation.

Clinical pregnancy was confirmed when the blood β-HCG 
was positive 14 days after embryo transfer, and B-ultrasound 
examination showed that pregnancy sac and primitive car-
diac tube pulsation were present 4–5 weeks after embryo 
transfer.

Classification decision tree modeling

Chi-square automatic interaction detector (CHAID) was car-
ried out by SPSS23.0 software (IBM, Chicago, USA). Sin-
gleton pregnancy, multiple pregnancies and non-pregnancy 
were used as dependent variables, whereas groups  (8C2, 
 8C1– <  8C1,  8C1– >  8C1, <  8C2, <  8C1– >  8C1, and >  8C2), 
age, first transplant, infertility type, and years of infertility 
were treated as independent variables. The transformation 
day endometrial thickness was used as an influence variable. 
Using the growth method, CHAID selected the independent 
variables that had the strongest interaction with the depend-
ent variables in each step and merged these categories to 
establish a classification decision tree model if the categories 
of the independent variables were not significantly different 
from the dependent variables.

Statistical analysis

The SPSS23.0 software was used for statistical analysis. 
Measurement data were expressed in mean ± SD and the 
counting data were expressed in %. One-Way ANOVA was 
used to analyze the mean difference among groups, Chi 
squre test was used to compare the classified data between 
groups, and binary Logistic regression (Enter) was used to 
calculate the OR value. The SPSS classification decision 
tree adopted the growth method CHAID. The statistically 
significant difference was set at P < 0.05.

Results

Baseline characteristics

A total of 2184 cycles met the inclusion criteria. Accord-
ing to the number of cells before freezing, the transferred 
embryos were divided into six groups, namely,  8C2, 
 8C1– <  8C1,  8C1– >  8C1, <  8C2, <  8C1– >  8C1, and >  8C2, and 
the number of cycles in each group was shown in Fig. 1. 
A significant (P < 0.001) difference existed in the ratio of 
first ET (%) and cycle rank order rather than in the female 
age, years of infertility, endometrial thickness on the day of 
transformation, endometrial preparation and type (Table 1). 
A significant (P < 0.05) difference also existed in female 
age between <  8C1– >  8C1 and  8C2 groups and in years 
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of infertility between <  8C2 and  8C2,  8C1– >  8C1 or >  8C2 
group.

Clinical outcomes

The clinical outcome and birth status were compared among 
six groups (Tables 2 and 3 and Figs.1 and 2). The  8C2 and 
 8C1– >  8C1 groups had significantly (P < 0.05) higher live 
birth and multiple pregnancy rates compared with other 
groups; however, no significant significance (P > 0.05) was 
observed in the implantation rate or clinical pregnancy 
rate between these two groups. The implantation rate and 

multiple pregnancy rate were significantly (P < 0.001) lower 
in the  8C1– <  8C1 group than in the  8C2 or the  8C1– >  8C1 
group.

The implantation rate was significantly (P < 0.05) lower 
in the  8C1– <  8C1 (OR 0.699, 95% CI 0.576, 0.849), <  8C2 
(OR 0.655, 95% CI 0.487, 0.881), <  8C1– >  8C1 (OR 0.619, 
95% CI 0.482, 0.794), and >  8C2 (OR 0.618, 95% CI 
0.495, 0.771) than in the  8C2 reference group. The clini-
cal pregnancy rate was significantly (P < 0.05) lower in 
the <  8C1– >  8C1 (OR 0.623, 95% CI 0.482, 0.864) and >  8C2 
(OR 0.697, 95% CI 0.522, 0.932) groups than in the  8C2 
reference group. The multiple birth rate was significantly 
(P < 0.05) lower in the  8C1– <  8C1 (OR 0.531, 95% CI 0.361, 
0.781), <  8C2 (OR 0.389, 95% CI 0.207, 0.732), and >  8C2 
(OR 0.527, 95% CI 0.388, 0.822) groups than in the  8C2 ref-
erence group. The live birth rate was significantly (P < 0.05) 
lower in the <  8C1– >  8C1 (OR 0.694, 95% CI 0.499, 0.966) 
and the >  8C2 (OR 0.726, 95% CI 0.542, 0.973) group than 
that in the  8C2 group.

Classification decision tree analysis

A total of seven branches were generated, and the mul-
tiple pregnancy rate in two branches in the decision tree 
was higher than that in the total transplantation cycle 
(age ≤ 29 years old:  8C2 /  8C1– >  8C1; 29 < age ≤ 36 years old 
for the first embryo transfer:  8C2 /8C1– <  8C1 /  8C1– >  8C1). 
The multiple pregnancy ratio in one branch was about equal 
to the proportion of multiple pregnancy in the total trans-
plantation cycle (age ≤ 29 years old:  8C1– <  8C1 / <  8C2 
/ <  8C1– >  8C1 / >  8C2 for the first embryo transfer) (Figs. 3 
and 4).

Confirmatory analysis

The baseline values of clinical data before and after imple-
mentation of the selective SET strategy were analyzed using 
the decision tree for comparing the implantation rate, clini-
cal pregnancy rate, multiple pregnancy rate, and birth rate 
before and after the improved transfer strategy (Tables 4 and 
5). A significant (P < 0.05) difference existed in the implan-
tation rate and multiple pregnancy rate rather than in the 
implantation rate and birth rate before and after implementa-
tion of selective SET.

Discussion

This study investigated the effect of the number of pre-frozen 
embryo cells on the clinical outcome in day 3 twin embryo 
frozen–thawed cycle. By combining age, type of infertility, 
years of infertility, cycle rank order, and transformation-day 
endometrial thickness, a decision tree was established to 
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Fig. 1  No. of cycles and typical embryos of grouping. a No. of day 
3 double frozen–thawed embryo cycles (one 8-cell embryo and one 
8-cell embryo: 8–8, n = 837). b Typical embryos in different groups. 
 8C2 (two 8-cell embryos),  8C1– <  8C1 (one 8-cell embryo and one 
under-8-cell embryo),  8C1– >  8C1 (one-8-cell embryo and one over-
8-cell embryo), <  8C2 (two under-8-cell embryos), <  8C1– >  8C1 (one 
under-8-cell embryo and one over-8-cell embryo), and >  8C2 (two 
over-8-cell embryos)
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ensure the clinical pregnancy rate while reducing the multi-
ple pregnancy rate, which had been proved by the confirma-
tory analysis. All the following information was included 
in order to establish the transfer strategy suitable for most 
day-3 double-embryo frozen–thawed cycles: the age, regi-
men of periodic medication, cause of infertility, mode of 
periodic fertilization, and number of eggs obtained in the 
cycle. The final analysis included a total of 2184 cycles, 
and the confirmatory analysis included a total of 586 cycles. 
It was found that both the  8C2 and  8C1– >  8C1 groups had 
significantly higher rates of implantation, clinical pregnancy, 
multiple pregnancy, and live birth, but without significant 
differences in these parameters between these two groups. 
A significant difference existed in the implantation rate 
between  8C1– <  8C1 group and  8C1– >  8C1 group. The clas-
sification decision tree was established by taking singleton 
pregnancy, twin pregnancy, and non-pregnancy as depend-
ent variables, demonstrating that the age of the woman, the 
number of embryo cells before freezing, and being the first 
embryo transfer are the most predictive parameters.

At present, the value of the time-lapse system has been 
further confirmed in the prediction of embryo potential by 

embryo morphodynamics. The determination of embryo 
morphodynamics parameters for in vitro development has a 
predictive value for clinical selection of transferred embryos 
[11, 12]. But classical morphology is still the most impor-
tant parameter. Carrasco et al. [13] performed an analysis 
of morphokinetic parameters in embryos cultured in an 
incubator with the time-lapse system in combination with 
the embryo morphology assessment on D3 to develop a 
hierarchical model which set the classical morphological 
score, the t4 and t8 morphokinetic values as the variables 
with the best prognosis of implantation. This study con-
firmed that the classical morphological score was the most 
predictive parameter for implantation through the decision 
tree analysis. The number of embryo cells is the primary 
observation index of embryo morphology, which can reflect 
the speed of embryo development, and the subjective influ-
ence of uniformity is less than that of fragments. Moreover, 
the selection criteria of frozen embryos were mainly high-
quality embryos, with the homogeneity of fragments being 
below moderate. Therefore, our study evaluated the clini-
cal outcome of frozen embryos from the number of embryo 
cells, providing data support for transplantation strategy. Our 

Table 1  Epidemiological characteristics of six groups

Values are presented as number (%) or mean ± SD. Different superscripts indicate significant (P < 0.05) differences. ET embryo transfer, BMI 
body mass index; ** A significant (P < 0.05) difference existed in Female age between <  8C1– >  8C1 and  8C2 groups; *** A significant (P < 0.05) 
difference existed in Years of infertility between <  8C2 and  8C2,  8C1– <  8C1 or >  8C2 group. Endometrial pattern [18]: Type A, a multi-layered 
triple-line endometrium comprising a prominent outer and central hyperechogenic line and inner hypechogenic or black regions; type B, an 
intermediate isoechogenic pattern with the same reflectivity as the surrounding myometrium and a nonprominent or absent central echogenic 
line, and type C, an entirely homogeneous, hyperechogenic pattern without a central echogenic line

8C2 8C1– <  8C1 8C1– >  8C1  <  8C2  <  8C1– >  8C1  >  8C2 F/x2 P

No. of cycles 837 359 416 125 194 253
Female age (y) 30.6 ± 4.33 30.9 ± 4.66 30.7 ± 4.59 31.1 ± 4.29 31.3 ± 4.38** 30.5 ± 4.16 1.13 0.34
Years of infertility 3.70 ± 3.00 4.01 ± 2.80 3.79 ± 2.68 4.98 ± 3.18*** 3.99 ± 3.21 3.54 ± 2.81 2.00 0.07
BMI (kg/m2) 22.6 ± 3.03 22.9 ± 3.26 22.8 ± 3.14 22.9 ± 3.63 22.9 ± 2.72 22.8 ± 3.13 0.56 0.74
Type of infertility 9.32 0.09
 Primary 465a 192a 239a 64a 89b 129a

 Secondary 372a 167a 177a 61a 105b 124a

Ratio of first ET (%) 59.5a (498) 44.0b (158) 56.3 a (234) 36.0 b (45) 42.3 b (82) 52.6a (133) 50.9 0.00
Cycle rank order 60.7 0.00
 1st ET of 1st cycle 453a 134bc 206ad 39c 72bc 113bd

 Not 1st ET of 1st cycle 130a 86b 79ab 31b 40ab 52ab

 Cycle ≥ 2. 1st ET 45a 24a 28a 6a 10a 20a

 Cycle ≥ 2. Not 1st ET 209a 115bc 103 49c 72c 68ab

Endometrial thickness (mm) 9.50 ± 1.46 9.44 ± 1.58 9.40 ± 1.49 9.52 ± 1.43 9.61 ± 1.48 9.52 ± 1.61 0.71 0.62
Endometrial preparation 5.41 0.37
 Natural cycle 46 18 21 11 16 13
 Artificial cycle 791 341 395 114 178 240

Endometrial type 7.373 0.69
 A 531 230 276 89 120 170
 B 295 127 138 35 72 81
 C 11 2 2 1 2 2
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study showed that in the frozen–thawed transfer cycle of 
day-3 double embryos with one embryo of 8 cells, signifi-
cantly higher rates of implantation, clinical pregnancy, and 
live birth were obtained. However, the rates of implanta-
tion, clinical pregnancy, multiple birth, and live birth were 

significantly lower in the  8C1– <  8C1 group than those in 
the  8C2 group and  8C1– >  8C1 group. It is possible that the 
number of blastomeres represents the rate of embryo devel-
opment, the implantation potential of slow development is 
poor, and the implantation potential of the fast development 

Table 2  Clinical outcomes and birth status in six groups

Values are presented as number (%) or mean ± SD (standard deviation). Different superscripts indicate significant (P < 0.05) differences. 
GA, gestational age; Implantation rate = number of implants / cycles × 2 × 100%; pregnancy rate = number of clinical pregnancies / number 
of cycles × 100%; multiple pregnancy rate = number of multiple pregnancies / number of cycles × 100%; live birth rate = number of live birth 
cycles / cycles × 100% single birth rate = single birth cycles / cycles × 100%; multiple delivery rate = multiple delivery cycles / cycles × 100%; 
ectopic pregnancy rate =  (Number of ectopic pregnancy + number of intrauterine and extrauterine pregnancy) / number of clinical pregnancy 
cycles × 100%; abortion rate = number of miscarriages before 28 weeks / number of clinical pregnancies × 100%; early abortion rate = number of 
miscarriages before 12 weeks / number of clinical pregnancies × 100%; late abortion rate = number of abortions between 12 and 28 weeks / num-
ber of clinical pregnancies × 100%

Variables 8C2 8C1– <  8C1 8C1– >  8C1  <  8C2  <  8C1– >  8C1  >  8C2 F/x2 P

No. of cycles 837 359 416 125 194 253
Implantation rate 38.9 (651)a 31.4 (226)b 39.3% (327)a 29.6 (74)b 28.9 (112)b 30.4 (154)b 35.68 0.00
Clinical pregnancy rate 53.8 (450)ab 48.5 (174)bc 55.8 (232)a 47.2 (59)abc 43.2 (83) c 46.2 (117)c 15.52 0.01
Multiple pregnancy rate 44.7 (201)a 29.9 (52)b 40.9 (95)ac 25.4 (15)b 31.3 (29)abc 31.6 (37)bc 20.32 0.001
Total live birth rate 44.3 (371)a 40.9 (147)ab 44.7 (186)a 37.6 (47)ab 34.0 (66)b 36.3 (92)b 12.54 0.03
Singleton live birth rate 28.0 (234)ab 32.0 (115)b 29.8 (124)ab 26.4 (33)ab 23.7 (46)a 26.9 (68)ab 5.45 0.36
Multiple live birth rate 16.4 (137)a 8.91 (32)b 14.9 (62)ac 11.2 (14)abc 10.3 (20)bc 9.09 (23)b 19.74 0.001
Ectopic pregnancy rate 11/450 5/174 9/232 2/59 3/83 8/117 5.768 0.33
Abortion rate 69/450 23/174 37/232 11/59 14/83 17/117 1.374 0.93
Early abortion rate 43/450 17/174 26/232 6/59 11/83 8/117 2.771 0.74
Late abortion rate 26/450 6/174 11/232 5/59 3/83 9/117 4.447 0.49
Mean birth weight, kg 2.83 ± 0.66 2.96 ± 0.67* 2.89 ± 0.71 2.88 ± 0.75 2.93 ± 0.72 3.06 ± 0.68* 2.53 0.03
Birth weight ≥ 40 kg 18/509 9/179 13/249 2/61 4/86 5/115 1.657 0.89
Birth weight ≤ 2.5 kg 141/509a 37/179ab 70/249a 16/61ab 22/86ab 20/115b 8.383 0.14
No. of delivery (< 37 w GA) 89/509a 27/179ab 46/249a 13/61a 13/86ab 10/115b 7.547 0.18
No. of delivery (> 41 w GA) 10/509 5/179 6/249 1/61 1/86 3/115 1.093 0.96
Sex ratio (M/F) 1.00

(254/255)ab
0.865
 (83/96)b

0.915
 (119/130)ab

1.03
 (31/30)abc

1.46
 (51/35)ac

1.61
 (71/44)c

10.47 0.06

Table 3  Relationship between number of transferred embryo cells and clinical outcome (%)

The OR (odds ratio) value and 95% CI (confidence interval) were obtained by using binary logistic regression to eliminate major confounders of 
age, years of infertility, and first proportion. * significantly (P < 0.05) different compared with the  8C2 reference value of OR

Variables Implantation rate OR value
 (95% CI)

Clinical 
pregnancy 
rate

OR value
 (95% CI)

Multiple 
pregnancy 
rate

OR value
 (95% CI)

Live birth rate OR value
 (95% CI)

8C2 38.9%
 (651/837 × 2)

1
/

53.8%
 (450/837)

1
/

44.7%
 (201/450)

1
/

44.3%
 (371/837)

1
/

8C1- <  8C1 31.4%
 (226/359 × 2)

0.699*
 (0.576,0.849)

48.5%
 (174/359)

0.787
 (0.607, 1.020)

29.9%
 (52/174)

0.531*
 (0.361,0.781)

40.9%
 (147/359)

0.914
 (0.709,1.180)

8C1- >  8C1 39.3%
 (327/416 × 2)

1.020
 (0.854,1.220)

55.8%
 (232/416)

1.136
 (0.886, 0.457)

40.9%
 (95/232)

0.837
 (0.603,1.160)

44.7%
 (186/416)

1.036
 (0.816,1.315)

 <  8C2 29.6%
 (74/125 × 2)

0.655*
 (0.487, 0.881)

47.2%
 (59/125)

0.783
 (0.530, 1.160)

25.4%
 (15/59)

0.389*
 (0.207, 0.732)

37.6%
 (47/125)

0.816
 (0.551,1.208)

 <  8C1- >  8C1 28.9%
 (112/194 × 2)

0.619*
 (0.482, .094)

43.2%
 (83/194)

0.623*
 (0.449, 0.864)

34.9%
 (29/83)

0.710
 (0.432, 1.170)

34.0%
 (66/194)

0.694*
 (0.499,0.966)

 >  8C2 30.4%
 (154/253 × 2)

0.618*
 (0.495, 0.771)

46.2%
 (117/253)

0.697*
 (0.522, 0.932)

31.6%
 (37/117)

0.527*
 (0.338, 0 .822)

36.3%
 (92/253)

0.726*
 (0.542,0.973)
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is similar to that of the normal growth. This is in line with 
some reports on the effect of the number of embryonic cells 
in the fresh cycle on the developmental potential of embryos 
[14], and this study [14] had the end point of blastocyst for-
mation and showed that dilated or expanded blastocysts from 
7-cell or 8-cell embryos were superior to the blastocysts 
from other mitotic stages, regardless of division or asymme-
try. The studies by Zhao et al. [15] and Stylianou et al. [16] 
also reached similar outcomes. Embryos with normal growth 
have higher implantation rates [16] than those with slow 
growth or fast growth. The study by Zhao et al. [15] showed 
that high-quality embryos with age ≤ 35 years, > 10 cell and 
8 cell on day 3 have similar clinical results. However, in 
our study, although the average age in the >  8C2 group was 
small and the proportion of first transplantation was high, 
the implantation rate was lower than those of the first three 
groups of  8C2,  8C1– <  8C1, and  8C1– >  8C1, which may be 
due to the small number of cases in the > 10 cell- > 10 cell 
group (a total of 40 cycles).

Inhomogeneity is an important parameter in morpholog-
ical evaluation and can be caused by one-third abnormal 
cleavage [17]. This study used frozen–thawed embryos, 
most of which are high-quality embryos; however, the 
bias caused by abnormal cleavage cannot be completely 

excluded. In our study, we did not compare the number of 
eggs obtained in the cycle, number of available embryos 
and dosage of drug regimens, which may be related to 
abnormal cleavage. Early abnormal cleavage of embryos is 
related to blastocyst formation and implantation rate [18]. 
In a word, our study did not fully show that the implant-
ing rate of > 8-cell embryo is similar to or higher than that 
of the 8-cell embryo. The implantation rate and multiple 
pregnancy rate in the  8C2 group and  8C1– <  8C1 group 
were similar, but significantly higher than those in the 
other groups, although there was no significant difference 
in the multiple pregnancy rate between the <  8C1– >  8C1 
group and other groups. Because the number of cases in 
the <  8C1– >  8C1 group was smaller and the clinical preg-
nancy rate was the lowest, the multiple pregnancy rate was 
higher since the multiple pregnancy rate was calculated as 
the number of pregnancies. In order to better optimize the 
clinical application, based on the results of inter-group sta-
tistics and Logistic regression, our study further used the 
classification decision tree to establish a model conducive 
to clinical transplantation strategy, and this is to ensure the 
pregnancy rate while reducing the multiple pregnancy rate 
for providing a clear and accurate transplantation strategy.

Fig. 2  One 8-cell embryo-8-cell embryo:8C2 (two 8-cell embryos). Clinical outcomes indifferent groups. * a significant (P < 0.05) difference in 
the OR (odds ratio) value of the 95% availability interval when using the  8C2 group as a reference
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At present, with the development of IVF technology, the 
increased multiple pregnancy rate is a widespread problem 
in all major reproduction centers even though single blas-
tocyst transfer in some centers has achieved good results. 
There are a large number of day-3 frozen tubes of two 
embryos in each center, and with the permission of the sec-
ond child in one family in China, many patients who have 
given birth to the first child through assisted reproduction are 
prepared to have a second child through the frozen–thawed 
cycle. Under these circumstances, it is necessary not only to 
enable pregnancy quickly and effectively, but also to avoid 
multiple births. The conditions under which embryos are 

cultured in vitro can themselves affect the morphology of 
developing embryos. Therefore, this leads to the problem of 
data differences between standardized grading systems and 
different centers, and it is necessary to establish different 
laboratory evaluation standards.

In daily clinical work, the selection of the best embryo 
is never a problem, but the selection and ranking of avail-
able embryos is. In addition, in the frozen-thawed cycle, 
there are updates of culture system and laboratory equipment 
during freezing and resuscitation, so it is of great clinical 
significance to establish the current frozen–thawed trans-
plantation strategy. It is known that some factors may affect 

Fig. 3  Decision tree analysis. I, singleton pregnancy; II, multiple 
pregnancy; III, non-pregnancy; 1,  8C2; 2,  8C1– <  8C1; 3,  8C1– >  8C1; 
4, <  8C2; 5, <  8C1– >  8C1; and 6. >  8C2. Red, the proportion of 

branched multiple pregnancy was higher than that of total multiple 
pregnancy; Yellow, the proportion of branched multiple pregnancy 
was about equal to that of total multiple pregnancy
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embryonic development and grading of embryos, such as 
temperature and pH value. If the temperature drops and the 
pH value drifts (usually toward alkalinity), it may result in 
slow development of the embryo [19]. Similarly, if 20% oxy-
gen concentration is used, it will delay embryonic devel-
opment [20, 21]. Different culture media and incubators in 
different laboratories can lead to different rates of develop-
ment. Therefore, each reproductive center should establish 

evaluation criteria and formulate appropriate transplantation 
strategies according to the actual situation.

The establishment of the classification decision tree takes 
into account the fact that singleton pregnancy is the best 
clinical outcome, so singleton pregnancy and twin preg-
nancy are treated as pregnancy classification dependent 
variables. The age, first transplant, cycle rank order, fro-
zen–thawed embryo cell number, infertility type, and infer-
tility years were used as independent variables, whereas 
the transformation-day intimal thickness as an influence 
variable. Using the growth method, the CHAID selected 
the independent variables that had the strongest interac-
tion with the dependent variables in each step and merged 
these categories to establish a classification decision tree 
model if the categories of the independent variables were 
not significantly different from the dependent variables. The 
results revealed three independent variables to constitute the 
decision tree: age, the number of frozen–thawed embryo 
cells, and being the first embryo transfer, suggesting that 
the number of frozen–thawed embryo cells has an impor-
tant predictive value for clinical outcome. The proportion 
of multiple births in the two branches of the decision tree 
is higher than that of the total number of multiple births 
(age ≤ 29 years old:  8C2/8C1– >  8C1, and 29 < age ≤ 36 years 
for the first transfer:  8C2/8C1– <  8C1/8C1– >  8C1), whereas 
one branch showed similar rates (age ≤ 29 years for the first 
transfer:  8C2/8C1– >  8C1), with the remaining four branches 
demonstrating significant lower rates.

In short, during the frozen–thawed cycles of day 3 
double embryos, our study suggested the elective SET 
strategy below according to the results of classification 
decision tree: to choose an embryo ≥ 8 cells for women 
at age ≤ 29  years:  8C2/8C1– >  8C1, and to choose an 
embryo ≥ 8 cells for women at 29 < age ≤ 36 years for 
the first transfer:  8C2/8C1– <  8C1/8C1– >  8C1. The above 
strategy has been confirmed by the confirmatory analysis 

Fig. 4  8cell-8cell/8cell– > 8cell:8C2 or  8C1– >  8C1. A selective SET 
strategy was established based on the decision tree analysis to reduce 
the multiple birth rate but ensure the pregnancy rate. For women 
with the age ≤ 29  years old, the SET strategy was selected in the 

groups of  8C2 /  8C1– >  8C1, and for women with the age > 29 years 
old but ≤ 36 years old, the SET strategy was in the first transfer  8C2 / 
 8C1– <  8C1 /  8C1– >  8C1. SET, single embryo transfer

Table 4  Baseline data in two groups before and after implementation 
of selective SET

Values are presented as number or mean (range). SET, single embryo 
transfer. Endometrial pattern [18]: Type A, a multi-layered triple-
line endometrium comprising a prominent outer and central hyper-
echogenic line and inner hypechogenic or black regions; type B, an 
intermediate isoechogenic pattern with the same reflectivity as the 
surrounding myometrium and a nonprominent or absent central echo-
genic line, and type C, an entirely homogeneous, hyperechogenic pat-
tern without a central echogenic line

Before After

No. of cycles 2184 586
Female age (y) 30 (28,33) 30 (28,33)
Years of infertility 3 (2,6) 3 (2,6)
BMI (kg/m2) 22.0 (20.4,24.4) 23.0 (20.5,25.4)
Type of infertility
 Primary 1178 (2184) 317 (586)
 Secondary 1006 (2184) 269 (586)

Endometrial thickness (mm) 9.0 (9.0,10.0) 9.4 (8.5,11.0)
Ratio of 1st ET (%) 1150 (2184) 362 (586)
Endometrial preparation
 Natural cycle 125 (2184) 33 (586)
 Artificial cycle 2059 (2184) 553 (586)

Endometrial type
 A 1416 441
 B 748 141
 C 20 4
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comparing the results before and after optimization, with 
the clinical pregnancy rate being 51.0% vs 50.5%, and the 
multiple pregnancy rate being 38.5% vs 16.9%, respec-
tively. At present, the development of blastocyst culture 
technology and the application of time-lapses are benefi-
cial to the SET strategy in the day-3 double-embryo fro-
zen–thawed cycle, and it is not necessary to continue to 
culture and transfer two embryos directly.

Some limitations existed in this study including the 
retrospective nature, Chinese ethnicity enrolled only, and 
one center study, which may all affect the effectiveness of 
this study. Moreover, this study only provides a selection 
method under the situation that day 3 double embryos have 
already been frozen in one tube while more embryos can-
not be further cultivated due to patient reasons or labora-
tory conditions.

In conclusion, the number of pre-frozen embryonic 
cells is an important factor affecting the clinical outcome 
of frozen–thawed embryo transfer in day 3 double good 
embryos frozen–thawed cycles. The age of patient, number 
of embryo cells, and the first time of transfer are the most 
valuable parameters for prediction.
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