
Jiang et al. Journal of Ovarian Research           (2022) 15:62  
https://doi.org/10.1186/s13048-022-00997-z

RESEARCH

The impact of blastomere loss on pregnancy 
and neonatal outcomes of vitrified‑warmed 
Day3 embryos in single embryo transfer cycles
Shutian Jiang†, Wei Jin†, Xinxi Zhao†, Qianwen Xi, Li Chen, Yining Gao, Wenzhi Li* and Yanping Kuang* 

Abstract 

Background:  Blastomere loss is a common phenomenon that occurs following cryopreservation. To date, studies 
have drawn conflicting conclusions regarding the impact of blastomere loss on pregnancy outcomes. Besides, limited 
information is available concerning the neonatal safety of embryos with blastomere loss. In the present study, we 
aimed to investigate the impact of blastomere loss on pregnancy and neonatal outcomes of vitrified/warmed Day3 
cleavage-stage embryos in single embryo transfer cycles.

Methods:  This retrospective cohort study included all vitrified/warmed D3 cleavage-stage single frozen-thawed 
embryo transfer (FET) cycles between April 2015 and February 2021. We compared pregnancy and subsequent neo-
natal outcomes between the intact embryos group and the blastomere loss group in single FET cycles.

Results:  A total of 6287 single FET cycles were included in the study, in which 5873 cycles were classified into the 
intact embryo group and 414 cycles were classified into the blastomere loss group. The outcomes of the blastomere 
loss group were significantly inferior to those of the intact embryo group, in terms of implantation/biochemical 
pregnancy/clinical pregnancy/ongoing pregnancy rate and live birth rate per embryo transfer cycle/per clinical 
pregnancy. Further binary logistic regression confirmed that blastomere loss was negatively associated with live birth. 
Moreover, the blastomere loss group presented with an elevated early miscarriage rate. The neonatal conditions were 
broadly similar between the two groups. Additionally, multiple binary logistic regression analysis demonstrated that 
primary infertility and intracytoplasmic sperm injection (ICSI) were common influencing factors of blastomere loss 
(aOR 1.447, 95% CI 1.038–2.019, P = 0.029; aOR: 1.388, 95% CI: 1.044–51.846, P = 0.024).

Conclusions:  The transfer of vitrified/warmed D3 embryos with blastomere loss is related to impaired embryo 
developmental potentials and reduced probabilities of conception. Moreover, even if the embryos with blastomere 
loss have implanted and reached clinical pregnancies, they present with a lower possibility of developing to live birth 
owing to a higher early miscarriage rate. However, once the embryos with blastomere loss result in a live birth, no 
adverse neonatal outcomes are observed.

Primary infertility and ICSI were found to be risk factors for blastomere loss.
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Introduction
Since the first live birth of a human being resulting from 
frozen embryo transfer (FET) in 1984 [1], cryopreserva-
tion has become more and more widely adopted and 
gradually occupied the mainstream position in the field 

Open Access

†Shutian Jiang, Wei Jin and Xinxi Zhao contributed equally to this work.

*Correspondence:  liwzx11@126.com; kuangyanp@126.com

Department of Assisted Reproduction, Shanghai Ninth People’s Hospital, 
Shanghai Jiaotong University School of Medicine, 639 Zhizaoju Road, 
Shanghai 200011, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13048-022-00997-z&domain=pdf


Page 2 of 11Jiang et al. Journal of Ovarian Research           (2022) 15:62 

of assisted reproduction technology (ART) [2]. Embryo 
cryopreservation with subsequent FET not only exhib-
its its advantage in increasing the cumulative pregnancy 
rate per oocyte retrieval cycle, but also contributes to the 
decreased risk of multiple pregnancies [3]. Besides, FET 
is beneficial to prevent the occurrence of ovarian hyper-
stimulation syndrome (OHSS) [4].

While embryo cryopreservation has become an essen-
tial part of treatment with ART, the comparison of two 
routine embryo cryopreservation methods, namely slow 
freezing and vitrification, has drawn a great deal of atten-
tion [5]. Recently, a progressive switch from slow freez-
ing to vitrification has emerged, given the significantly 
improved survival rate as well as higher implantation, 
pregnancy and live birth rate of the latter method [6].

Despite the extensive development, a series of prob-
lems with the technique are still unresolved, and many 
aspects remain to be studied [7]. Blastomere loss, a phe-
nomenon that occurs following cryopreservation and 
thawing of embryos, has captured the focus of research-
ers. It is usually perceived as one of the parameters to 
evaluate the implantation potential of frozen-thawed 
embryos. To date, conflicting results have been yielded by 
a variety of studies regarding the influence of blastomere 
loss on pregnancy and perinatal outcomes of cleavage-
stage embryos. Some studies have demonstrated that 
blastomere loss is not related to a decreased implantation 
rate [8–10], even if the conclusion is sometimes condi-
tional (i.e., only embryos that resumed mitotic activity 
after thawing were transferred) [11, 12]. However, other 
studies have revealed a deleterious effect of blastomere 
loss on the developmental capacity of embryos, includ-
ing the in vitro process of mitosis or blastocyst formation 
and the post-transfer ability of conception [13–16]. Of 
note, there are also several studies that reported nega-
tive influences of blastomere loss in terms of some preg-
nancy-related indicators, while claiming blastomere loss 
as harmless regarding the other indices [17–19].

The inconsistency of the results so far could be ascribed 
to the limitations of previous studies and the variability 
within them. First, the cryopreservation method differs 
between studies and some studies may recruit both slow-
ing freezing and vitrification. Taking into account the 
different characteristics of the two methods, it is obvi-
ous that the proportion will affect the outcomes. Sec-
ond, most studies contain both multiple embryo transfer 
and single embryo transfer procedures. Considering the 
probable unequal damage extent of the embryos and the 
mutual influence between embryos in a multiple embryo 
transfer cycle, it is might inappropriate to mix the two 
procedures in one study when comparing. Even if the 
above points can be overcome by separating one of the 
methods/procedures for analysis, it will not be able to 

draw a definitive conclusion due to the reduced sample 
size. Third, some of the results are obtained in the cases 
of Day 2 embryo, while others are produced in the cases 
of Day 3 embryo. This discrepancy in the setting will lead 
to the discordance of the results. Moreover, as time goes 
by, the innovation in technology and culture medium 
is likely to have a potential beneficial effect on the end-
points of observations.

Therefore, in this retrospective study, we aimed to 
investigate the effect of the blastomere loss on pregnancy 
outcomes and neonatal conditions, compared with those 
of intact embryos. The impact was analyzed in the set-
ting of single FET of cleavage-stage embryos, in which all 
embryos were cryopreservation by vitrification on Day 3.

Methods
Study settings and patients
This retrospective cohort study was carried out at the 
Department of Assisted Reproduction of the Ninth 
People’s Hospital affiliated with Shanghai Jiao Tong 
University School of Medicine. Cases of patients under-
going FET between April 2015 and February 2021 were 
recruited. Inclusion criteria included age < 42 years old, 
and BMI within 18–28 kg/m2. Meanwhile, only single 
FET cycles with embryos vitrified and transferred on 
Day 3 at the cleavage-stage were included in this study. 
Cycles with donated gametes or preimplantation genetic 
diagnosis (PGD) or originating from in vitro maturation 
were excluded. Furthermore, for patients who experi-
enced twice FET during the period, only data from the 
first cycle were included. When core data were missing, 
the corresponding cycle was also excluded. The study was 
approved by the hospital’s ethics committee. The follow-
up system has been described in detail in our previous 
studies (Du et  al., 2017; Huang et  al., 2019). The final 
data, involving 6287 FET cycles in total, were divided into 
two groups: 5873 intact embryo cycles and 414 blasto-
mere loss cycles. The reporting of this study conforms to 
the STROBE statement.

Procedures
Ovarian stimulation and IVF/ICSI protocols
In the beginning, the sociodemographic characteris-
tics and reproductive history of the women and their 
partners were inquired and documented. Then after 
controlled ovarian stimulation, oocyte retrieval was per-
formed around 36 h after the trigger, once at least one 
dominant follicle reached 20 mm in diameter, or three 
dominant follicles reached 18 mm in diameter. Depend-
ing on the parameters of semens, either conventional 
insemination or intracytoplasmic sperm injection (ICSI) 
was adopted for fertilization 4–6 h after oocyte retrieval, 
the procedure of which has been detailed previously 
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[20]. Generally, IVF was performed in human tubal fluid 
(HTF; Irvine Scientific, Santa Ana, CA, USA) with 10% 
(v/v) serum substitute supplement (SSS; Irvine Scientific, 
Santa Ana, CA, USA) and ICSI was conducted in sepa-
rate microdroplets containing HTFt10% SSS. The fertili-
zation was assessed 16–.

20 h later. All the embryos were cultured in a humidi-
fied atmosphere containing 5% O2 and 6% CO2 at 37 °C 
in the Continuous Single Culture medium (Irvine Scien-
tific, Santa Ana, CA, USA). The laboratory procedures 
and materials remained unchanged throughout the study 
period.

Embryo freezing and thawing protocols
All embryos included in this study were cryopreserved 
at D3 after insemination by vitrification, due to either a 
maternal condition that was unsuitable for fresh embryo 
transfer, such as a high risk of ovarian hyperstimulation 
syndrome, a desynchronized endometrium, or when 
supernumerary embryos had been obtained in a previous 
oocyte retrieval cycle. Examinations of the number of 
blastomeres were performed and scores for the embryos 
were given according to Cummins’s criteria, prior to 
freezing. The detailed procedures of vitrification and 
thawing were described previously [20]. Briefly, Embryos 
were vitrified using a Cryotop carrier system (Kitazato 
Biopharma Co., Shizuoka, Japan) with a mixture of dime-
thyl sulfoxide, ethylene glycol and sucrose as cryopro-
tectants. Embryo thawing was performed in a descending 
concentration gradient of sucrose (1–0.5–0 mol/L). All 
vitrification and thawing steps were carried out at room 
temperature except for the first warming step, which was 
conducted at 37 °C.

Embryos were evaluated morphologically immediately 
after thawing for the blastomere number.

Endometrial preparation for single FET
Before embryo thawing, endometria were prepared for 
FET by natural cycles, ovarian stimulated cycles, or 
hormone replacement cycles for patients with regular 
ovulatory cycles, irregular menses, or a history of thin 
endometrium, respectively, as we previously reported 
[20, 21]. Embryos were thawed the same day as embryo 
transfer and replaced under ultrasound guidance as a Day 
3 cleavage-stage embryo on the third day after progester-
one treatment. In general, embryos losing more than 50% 
of their original blastomere are not suitable for transfer, 
so only embryos with at least 50% of their blastomeres 
survived would be transferred in our study [14]. When 
pregnancy was achieved, the luteal support was contin-
ued until 12 weeks of gestation.

Follow‑up of pregnancy and neonatal outcomes
Pregnancy outcome measures following FET were 
assessed at follow-up visits. Ultrasound scans and the 
serum β-hCG level were part of the routine clinical care. 
The newborn follow-up system at our department has 
been established for years and depicted previously [22, 
23]. In brief, the couples completed a total of 4 telephone 
surveys by trained nurses during each trimester of preg-
nancy and up to 4 weeks after delivery. Standardized 
questionnaires were used to collect the following infor-
mation: pregnancy exposures, pregnancy complications, 
gestational weeks, mode of delivery, birth date and local-
ity, birth weight and length, newborn gender, neonatal 
diseases, and congenital defects. For babies born in our 
university hospital, the medical records were obtained 
through the electronic network system, while written 
proof was acquired from the pediatrician in charge of the 
babies were born elsewhere. Furthermore, for newborns 
with congenital defects, a particular nurse was desig-
nated for a thorough review to guarantee their accord-
ance with the case definition of the Chinese Birth Defects 
Monitoring Program.

Outcome measures and definitions
Pregnancy outcome assessments following FET cycles 
included the implantation rate, biochemical pregnancy 
rate, clinical pregnancy rate, ongoing pregnancy rate, 
live birth rate per transfer cycle, and live birth per clini-
cal pregnancy. The implantation rate was defined as 
the number of gestational sacs measured by ultrasound 
relative to the number of embryos transferred. The bio-
chemical pregnancy rate denoted the proportion of 
women with a serum βhCG concentration > 5 mIU/ml 
collected 14 days after FET. Clinical pregnancy was con-
firmed by the ultrasonic demonstration of an intrauterine 
gestational sac at 6–8 gestational weeks, and the clini-
cal pregnancy rate was calculated using the number of 
clinical pregnancies divided by the number of FET cycles. 
Ongoing pregnancy was referred to a pregnancy with a 
fetal heartbeat at 12 weeks of gestational age. The ongo-
ing pregnancy rate was calculated by dividing the num-
ber of ongoing pregnancies by the number of FET cycles. 
Live birth was defined as the delivery of one or more 
infants with any signs of life after 28 weeks of gestation, 
and the live birth rate was calculated on the basis of the 
number of FET cycles and clinical pregnancies. Moreo-
ver, adverse outcomes included early miscarriage before 
12 gestational weeks, second trimester abortions12–28 
gestational weeks, stillbirth, and ectopic pregnancy. 
Biochemical pregnancy loss was defined as a positive 
pregnancy test in the absence of any ultrasonographic 
evidence of pregnancy, and no evidence or treatment of 
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an extrauterine pregnancy. Miscarriage was defined as a 
pregnancy with spontaneous termination of pregnancy. 
Ectopic pregnancy was defined as the implantation of an 
embryo outside the uterine cavity. Stillbirth was defined 
as the delivery of a baby born without signs of life after 28 
gestational weeks.

The neonatal outcome measures included gestational 
age (defined as Day 17 for cleavage-stage embryo trans-
fer), newborn gender, birthweight, birth length, congeni-
tal defects, and neonatal mortality. Small for gestational 
age (SGA) was defined as a birthweight below the 10th 
percentile for the gestational age, and large for gestational 
age was defined as a birthweight over the 90th percentile 
[24]. A congenital defect was defined as a deformity and/
or developmental abnormality of any organ or system. 
Neonatal mortality referred to infant death during the 
first 28 days of life. Z-scores were calculated after adjust-
ing for the gestational age and the newborn gender, birth-
weight percentile, and Z-scores were calculated based 
on a general population reference for Chinese singletons 
[25].

Statistical analysis
Statistical analyses were performed using SPSS 19.0 soft-
ware (SPSS, Inc.). Data were presented as means±SD if 
they demonstrated normal distributions, or as medi-
ans (quartiles) for non-normal distributions; Qualitative 
data were put forward in percentages. The normality was 
tested by the Shapiro–Wilk test and the homogeneity of 
variances was tested by Levene’s test. Different kinds of 

continuous parametric data were analyzed by different 
means: Student’s t-test was used to compare the means 
and the Mann-Whitney U test was used to compare the 
medians. The rates were compared between groups by 
the chi-square test or Fisher’s exact test as appropriate. 
Binary logistic regression was performed to quantify the 
influential factors on blastomere loss and live birth, in 
which an adjusted odds ratio (aOR) and 95% confidence 
interval (CI) were displayed. P < 0.05 was considered sta-
tistically significant.

Results
A total of 6287 single FET cycles of cleavage-stage 
embryos from 6287 patients were included from April 
2015 and February 2021 in this study. Among them, 
5873 cycles were sorted into the intact embryo group, 
and the remaining 414 cycles were classified as the blas-
tomere group. All of the patients recruited in the present 
study completed the follow-up until 28 days after delivery 
and the live-born singletons were included in the neona-
tal outcomes analysis.

As presented in Table 1, most of the demographic and 
basic characteristics were comparable between the two 
groups, including maternal age, parental age, maternal 
body mass index (BMI), duration of infertility, the pro-
portion of multiparity, distribution of endometrium 
preparation protocols, endometrial thickness and the 
basal sexual hormone profiles. Patients with primary 
infertility were less frequent in the intact embryo group 
than in the blastomere loss group (51.00% vs. 58.70%, 

Table 1  Baseline characteristics of all transfer cycles

Intact embryo group (n = 5873) Blastomere loss group (n = 414) P

Maternal age (years) 34.88 ± 5.57 34.43 ± 5.53 0.253

Parental age (years) 36.46 ± 6.47 36.06 ± 6.26 0.383

Maternal BMI (kg/m2) 22.27 ± 5.88 22.01 ± 3.22 0.262

Duration of infertility (years) 3.22 ± 3.19 3.43 ± 3.00 0.344

Primary infertility (n,%) 2995/5873 (51.00%) 243/414 (58.70%) 0.003*

Pluriparous (n,%) 979/5873 (16.67%) 63/414 (15.22%) 0.494

Type of FET cycles 0.074

Natrual 836/5873 (14.23%) 51/414 (12.32%)

  HRT 2562/5873 (43.62%) 165/414 (39.86%)

  OS 2475/5873 (42.14%) 198/414 (47.83%)

Insemination method of embryos < 0.001*

  IVF 3790/5873 (64.53%) 230/414 (55.56%)

  ICSI 2083/5873 (35.47%) 184/414 (44.44%)

Endometrial thickness (mm) 10.42 ± 2.38 10.67 ± 2.56 0.125

Basal FSH (mIU/ml) 5.86 (4.81–7.72) 5.54 (4.53–7.18) 0.052

Basal LH (mIU/ml) 4.48 ± 4.25 4.47 ± 3.76 0.974

Basal E2 (pg/ml) 47.33 ± 47.13 44.11 ± 35.79 0.355

Basal P4 (ng/ml) 0.20 (0.20–0.30) 0.20 (0.20–0.30) 0.526
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p = 0.003). Moreover, differences could be observed 
in the distribution of the insemination method that 
embryos originated from between the two groups. The 
percentage of IVF in the intact embryo group was obvi-
ously higher than that of the blastomere loss group 
(64.53% vs. 55.56%, p < 0.001), while the proportion of 
ICSI in the intact embryo group was clearly lower.

Pregnancy outcomes following single FET are shown in 
Table 2. The implantation rate was notably higher in the 
intact embryo group than in the blastomere loss group 
(31.56% vs. 21.01%, p < 0.001). The intact embryo group 
displayed obviously higher rates in terms of the bio-
chemical pregnancy rate (34.97% vs. 24.64%, p < 0.001), 
clinical pregnancy rate (30.67% vs. 21.01%, p < 0.001), 
ongoing pregnancy rate (25.63% vs. 15.70%, p < 0.001), 
live birth rate per embryo transfer cycle (24.92% vs. 
14.25%, p < 0.001), and live birth rate per clinical preg-
nancy (81.23% vs. 67.82%, p = 0.003), compared with the 
blastomere loss group. Moreover, the early miscarriage 
rate was significantly lower in the intact embryo group 
than in the blastomere loss group (16.44% vs. 25.29%, 
p = 0.039). Nonetheless, the two groups were comparable 
regarding the biochemical pregnancy loss rate, ectopic 
pregnancy rate, second-trimester abortion rate, stillbirth 
rate, and the proportion of singleton pregnancy. In addi-
tion, the monozygotic twin rate was 1.78 (26/1463) in the 
intact embryo group, while no case of monozygotic twin 
was observed in the blastomere loss group.

Table 3 describes neonatal outcomes of singletons born 
after single FET with or without blastomere loss. All of 
the indicators listed were broadly comparable between 
the two groups. Specifically, the gestational age of the 
intact embryo group was similar to that of the blastomere 
loss group. There seemed to be no statistical difference 

in the mode of delivery or the sex of neonates between 
the groups. There was also no discernable evidence of a 
difference in birth weight, birth length, Z-scores adjusted 
for the gestational age and gender, and the incidence of 
SGA and LGA. Besides, a total of 1 neonate died from 
multiple organ failure in the neonatal period in the intact 
embryo group, while no case was observed in the blas-
tomere loss group. Therefore, no difference was distin-
guished with respect to congenital defects or neonatal 
mortality between the two groups. Since there was no 
case of monozygotic twin in the blastomere loss group, 

Table 2  Pregnancy outcomes following transferring embryos with or without blastomere loss

Intact embryo group (n = 5873) Blastomere loss group 
(n = 414)

P

Implantation rate (n,%) 1853/5873 (31.56%) 87/414 (21.01%) < 0.001

Biochemical pregnancies (n,%) 2054/5873 (34.97%) 102/414 (24.64%) < 0.001

Clinical pregnancies (n,%) 1801/5873 (30.67%) 87/414 (21.01%) < 0.001

Ongoing pregnancies (n,%) 1505/5873 (25.63%) 65/414 (15.70%) < 0.001

Live birth (n,% per embryo transfer cycle) 1463/5873 (24.92%) 59/414 (14.25%) < 0.001

Live birth (n,% per clinical pregnancy) 1463/1801 (81.23%) 59/87 (67.82%) 0.003

  Singleton (% per live birth) 1437/1463 (98.22%) 59/59 (100%) 0.622

  Twins (% per live birth) 26/1463 (1.78%) 0/59 (0%)

Ectopic pregnancy (n,%) 52/5873 (0.89%) 1/414 (0.24%) 0.260

Biochemical pregnancy losses (n,%) 201/2054 (9.79%) 14/102 (13.73%) 0.195

Early miscarriages (n, % per clinical pregnancy) 296/1801 (16.44%) 22/87 (25.29%) 0.039

Second trimester abortions (n, % per clinical pregnancy) 40/1801 (2.22%) 5/87 (5.75%) 0.053

Stillbirths (n, % per clinical pregnancy) 2/1801 (0.11%) 1/87 (1.45%) 0.132

Table 3  Outcomes of singletons born after transfer embryos 
with or without blastomere loss

Intact embryo 
group (n = 1437)

Blastomere loss 
group (n = 59)

P

Gestational Age (weeks) 38.40 ± 1.76 38.23 ± 1.70 0.598

Mode of delivery 0.666

  Vaginal 437/1437 (30.41%) 16/59 (27.12%)

  Cesarean section 1000/1437 (69.59%) 43/59 (72.88%)

Sex (female) 684/1437 (47.60%) 28/59 (47.46%) 0.971

Birthweight (g) 3278.04 ± 502.38 3328.17 ± 386.82 0.587

   < 2500 g 90/1437 (6.26%) 2/59 (3.39%) 0.434

   > 4000 g 88/1437 (6.12%) 2/59 (3.39%)

Z-scores −0.01 ± 0.99 0.29 ± 0.86 0.107

Birth length (cm) 49.85 ± 2.09 50.03 ± 1.19 0.626

Birthweight for gesta-
tional age

0.803

  SGA 77/1437 (5.36%) 2/59 (3.39%)

  LGA 189/1437 (13.15%) 8/59 (13.56%)

Congenital defects 27/1437 (1.88%) 2/59 (3.39%) 0.318

Neonatal mortality 1/1437 (0.07%) 0/59 (0%) 1.000
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we simply presented the neonatal outcomes of twins 
in the intact embryo group in Supplemental Table  1, in 
which the average gestational age and birthweight were 
35.08 ± 2.49 weeks and 2377.08 ± 509.59 g, with 9.62% 
SGA and no case of congenital defects or neonatal 
mortality.

Table 4 displays the relationship between the percent-
age of blastomere loss and the pregnancy outcomes fol-
lowing single FET. There was a general trend that as the 
percentage of blastomere loss increased, the biochemical 
pregnancy rate, clinical pregnancy rate, ongoing preg-
nancy rate, live birth rate per embryo transfer cycle, and 
live birth rate per clinical pregnancy decreased remark-
ably. After further post hoc analysis, it was found that 
the differences of the above pregnancy-related indicators 
were significant regarding the comparison between the 
intact embryo group and the group with less than 25% 
blastomere loss and the comparison between the intact 
embryo group and the group with 26–50% blastomere 
loss, while the difference of the other pairwise compari-
son was undetected. Furthermore, it was revealed that 
the early miscarriage rate was comparable among the 
three groups with different percentages of blastomere 
loss.

Table 5 reports the multiple binary logistic regression 
analyses results of factors that might have an impact on 
blastomere loss/live birth. For blastomere loss, primary 
infertility and ICSI were found to be common influenc-
ing factors. Primary infertility was demonstrated to be 
associated with an increase in the probability of blasto-
mere loss, in comparison to secondary infertility (aOR 
1.447, 95% CI 1.038–2.019, P = 0.029), while patients 
undergoing ICSI were 1.388 times more likely to suffer 
from blastomere loss (aOR: 1.388, 95% CI: 1.044–51.846, 
P = 0.024), compared with patients taking IVF as the 
insemination method. For live birth, the results turned 
out that the maternal age, the number of blastomere loss 

and the embryo quality were influencing factors. Patients 
with advanced maternal age and inferior embryo quality 
were less likely to have a live birth (aOR: 0.901, 95% CI: 
0.882–0.921, P < 0.001; aOR: 0.753, 95% CI: 0.657–0.863, 
P < 0.001; respectively), while the number of blastomere 
loss was negatively associated with live birth (aOR: 0.655, 
95% CI: 0.493–0.869, P = 0.003).

Figure 1 specifically exhibits the pregnancy outcomes 
of cleavage-stage embryos following single FET, accord-
ing to cell stage at cryopreservation and the number 
of blastomere loss. In accordance with the findings 
presented in Table  2 and Table  4, similar trends were 

Table 4  Pregnancy outcomes related to the percentage of blastomere loss

P1:1VS2

P2:2VS3

P3:1VS3

Percentage of blastomere loss P1 P2 P3 P*

0% (n = 5873) ≤25% (n = 375) 26–50% (n = 39)

Biochemical pregnancies (n,%) 2054/5873 (34.97%) 96/375 (25.60%) 6/39 (15.38%) < 0.001 0.177 0.011 < 0.001

Clinical pregnancies (n,%) 1801/5873 (30.67%) 81/375 (21.60%) 6/39 (15.38%) < 0.001 0.417 0.037 < 0.001

Ongoing pregnancies (n,%) 1505/5873 (25.63%) 61/375 (16.27%) 4/39 (10.26%) < 0.001 0.487 0.027 < 0.001

Live births (n,% per embryo transfer cycle) 1463/5873 (24.92%) 55/375 (14.67%) 4/39 (10.26%) < 0.001 0.631 0.039 < 0.001

Live births (n,% per clinical pregnancy) 1463/1801 (81.23%) 55/81 (67.90%) 4/6 (66.67%) 0.006 1.000 0.316 0.008

Early miscarriages (n, % per clinical pregnancy) 296/1801 (16.44%) 20/81 (24.69%) 2/6 (33.33%) 0.067 0.640 0.259 0.085

Table 5  Binary logistic regression on blastomere loss/live birth 
in patients undergoing FET (n = 6287)

Blastomere loss aOR (95% CI) P

Maternal age (years) 0.977 (0.934–1.023) 0.330

Parental age (years) 0.999 (0.962–1.039) 0.979

Maternal BMI (kg/m2) 0.992 (0.959–1.025) 0.627

Duration of infertility (years) 1.014 (0.970–1.060) 0.527

Primary infertility 1.447 (1.038–2.019) 0.029

Pluriparous 1.224 (0.776–1.931) 0.384

Insemination method (ICSI vs. IVF) 1.388 (1.044–1.846) 0.024

Blastomere number at cryopreservation 1.006 (0.871–1.163) 0.933

Live birth aOR (95% CI) P

Maternal age (years) 0.901 (0.882–0.921) < 0.001

Parental age (years) 1.001 (0.983–1.019) 0.956

Maternal BMI (kg/m2) 0.995 (0.983–1.007) 0.376

Duration of infertility (years) 1.009 (0.987–1.032) 0.421

Primary infertility 0.888 (0.769–1.026) 0.108

Pluriparous 0.951 (0.768–1.178) 0.647

Insemination method (ICSI vs. IVF) 0.936 (0.864–1.025) 0.152

Number of blastomere loss 0.655 (0.493–0.869) 0.003

Blastomere number on embryo transfer 1.043 (0.979–1.112) 0.191

Embryo quality (grade 2 vs. grade 1) 0.753 (0.657–0.863) < 0.001
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identified for each cell stage at cryopreservation, that 
with the increasing blastomere loss at thawing, the clin-
ical pregnancy rate, ongoing pregnancy rate and live 
birth rate per cycle were progressively decreased. In 
particular, when it was a 6-cell embryo at cryopreserva-
tion, even the loss of only one blastomere would reduce 
the clinical pregnancy rate to zero; while when the 
cell number was 7 to 10 at cryopreservation, one blas-
tomere loss at thawing would result in a reduction in 
less than 50% clinical pregnancy rate. Even more to the 
point, the clinical pregnancy rate of an 8-cell or 10-cell 
embryo with one blastomere loss at thawing was com-
parable to that of an intact embryo. As for the live birth 
rate per clinical pregnancy, it kept roughly the same as 
the number of blastomere loss increased. Take a closer 
look at the 8-cell embryo, the live birth rate per clinical 
pregnancy was 97.28% (787/809), 94.22% (17/18), 100% 
(3/3), 100% (2/2), when the number of blastomere loss 
was 0,1,2,3, respectively.

Discussion
This retrospective cohort study of 6287 single FET cycles 
aimed to investigate the impact of blastomere loss of D3 
vitrified embryos on embryonic developmental poten-
tials and neonatal outcomes. The results showed that the 
embryos with blastomere loss presented with a lower 
implantation rate, biochemical/clinical/ongoing preg-
nancy rate, and live birth rate per embryo transfer cycle/
per clinical pregnancy, compared with intact embryos. 
Binary logistic regression analysis further confirmed 
the negative influence of blastomere loss on live birth. 
Moreover, the early miscarriage rate of embryos with 
blastomere loss was higher. Additionally, the neonatal 
conditions were broadly similar between the neonates 
resulting from intact embryos and embryos with blasto-
mere loss. Furthermore, primary infertility and ICSI were 
found to be related to an increased likelihood of blasto-
mere loss.

The present study showed that the D3 embryos 
with blastomere loss had an obvious decreased 

Fig. 1  The pregnancy outcomes of cleavage-stage embryos with different number of blastomere loss following single FET
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developmental potential than intact embryos. This 
finding is mostly in agreement with a series of previous 
studies [13–19]. The reason for the lower viability of 
embryos with blastomere loss remains not clearly clari-
fied to date. Possible speculations are made that dam-
aged blastomeres may induce a detrimental/toxic effect 
on the other blastomeres [26]. In brief, blastomere 
loss is considered to be caused by the blastomere lysis 
induced by intracellular ice formation, hyperosmotic 
damage, and metabolic derangements. As blastomeres 
degrade, the lysed cells disrupt cell-to-cell communica-
tion and lose viable embryonic materials [27, 28].

Despite so many supportive studies, this issue is 
still full of controversy. Some studies declared that 
blastomere loss was not associated with an elevated 
miscarriage rate [17, 19]. Whereas in our study, the 
biochemical pregnancy rate, one of the embryonic fac-
tors putatively involved in the process of implantation 
[29], seemed to be higher in the blastomere loss groups 
(though without statistical significance). Moreover, the 
early miscarriage rate was significantly higher in the 
blastomere loss group, from which we could speculate 
that blastomere loss might have a negative effect on 
embryonic development throughout the first trimes-
ter, lasting even until the confirmation of clinical preg-
nancies. The difference between our results and the 
previous ones [17, 19] might be due to the difference 
in experimental design and patients’ enrollment, that 
is, we only included all the vitrified/warmed D3 cleav-
age-stage single frozen-thawed embryo transfer (FET) 
cycles as the research objects.

Besides, some studies declared that blastomere loss 
was conditionally not negatively correlated with implan-
tation rate. Some studies found that when embryos were 
only transferred if they resumed mitotic activity after 
thawing, on the occasion of laser-assisted hatching and 
necrotic blastomeres removal, there was no adverse effect 
of blastomere loss on implantation potential [11, 12]. 
On the other hand, some studies reported that cell loss 
was completely irrelevant to a reduced embryo compe-
tence [8–10]. On closer interpretation, however, most of 
these studies focused on D2 embryos, which was differ-
ent from the objective of our study [8, 9]. Another study 
limited its scope to 8-cell D3 embryos with 1 or 2 cells 
lost, the results of which could not be generalized [10]. 
The discrepancy in the results reported may be attrib-
uted to variability within the studies. Hence, our study 
provides a more robust result with a large sample size 
and a fixed setting of single FET of vitrified/warmed D3 
embryos with different cell-stage and number of blasto-
mere loss, while without additional auxiliary operations 
(i.e., assisted hatching, necrotic blastomeres removal, 
overnight culture).

When further dividing the embryos with blastomere 
loss into subgroups according to their percentage of blas-
tomere loss, we revealed a general trend that the higher 
the percentage of blastomere loss, the lower the preg-
nancy rate and the live birth rate. Furthermore, even 
though the blastomere loss of an embryo was within 25%, 
its conception ability was still impaired. This result dif-
fers from reported literature, in which embryos were not 
vulnerable when blastomere loss was less than 25% [10, 
17]. The reason for this discordance might come from the 
inclusion of a portion of slow freezing protocol in their 
studies [10, 17]. On the one hand, the survival rate of 
cleavage-stage embryos is apparently higher for embryos 
frozen by vitrification than by slow freezing (6.59% in 
our study by vitrification) [30, 31]. On the other hand, 
due to the defects of the slow freezing technique itself, 
even though the cell damage seems to be undetectable or 
minor morphologically, slow freezing will still have a neg-
ative impact on the subsequent development of embryos 
[6, 12]. Based on this premise, we can easily understand 
that for the embryos lost less than 25% of blastomeres, as 
the proportion of slow freezing increases, the pregnancy 
rate decreases. Therefore, the superiority of vitrification 
is fully embodied and we suggest vitrification as a better 
technique.

In addition, we took careful explorations on the preg-
nancy outcomes, according to cell stage at cryopreser-
vation and the number of blastomere loss. Specifically, 
for embryos that lost one blastomere, the clinical preg-
nancy rate of 6-cell embryos would reduce to zero; the 
pregnancy outcomes of 8-cell or 10-cell embryos were 
comparable to those of intact embryos; the concep-
tion probability of 7-cell or 9-cell embryos was partially 
impaired. In cases where two blastomeres were lost, 
8-cell embryos still maintained a clinical pregnancy 
rate of 23.81%, while 9-cell embryos dropped its rate to 
14.29%. When the situation came to 3 blastomeres lost, 
only 8-cell embryos reserved a clinical pregnancy rate 
of 22.22%. These detailed results suggested that for dif-
ferent cell stage embryos, the same percentage of cell 
damage may have completely different effects on their 
developmental potential. Therefore, when encountering 
blastomere loss, clinicians should make decisions after 
careful considerations. For instance, when performing 
preimplantation genetic testing (PGT), we strongly rec-
ommend 8-cell embryos as the highest priority and avoid 
choosing 6-cell embryos. Another applicable situation 
was 6cell embryos with blastomere loss in single FET, in 
which we should consider warming one more embryo to 
compensate for the sharp reduction in clinical pregnancy 
rate.

As for the neonatal outcomes of singletons, it was 
observed that the two groups were comparable. These 
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results are partially consistent with previous studies [17, 
19]. While both Wu YT et al. and L.C. O’Shea et al. dem-
onstrated no differences in birth weight in their study, the 
former declared an association between blastomere loss 
and SGA. The discrepancy might be interpreted by their 
inclusion of both slow freezing and vitrification cycles, 
considering the underlying harmful influence of slow 
freezing on the embryos. Our study, therefore, is more 
reassuring and addresses the long-term safety of blasto-
mere loss regarding the neonatal outcomes, validating 
the safety of embryos with blastomere loss in vitrified/
warmed cycles. Besides, since there were no twins in the 
blastomere loss group, we inferred that embryos with 
blastomere loss were less likely to develop into monozy-
gotic twins.

In our study, primary infertility and ICSI were found 
to be risk factors for blastomere loss, a topic that has not 
been discussed previously. Primary infertility was usu-
ally recognized as an internal influencing factor. Previ-
ous studies demonstrated a lower pregnancy probability 
in patients diagnosed with primary infertility, compared 
with secondary infertile couples [32, 33], indicating 
the impaired developmental potential of patients with 
primary infertility and manifesting as blastomere loss 
embryologically. On the other hand, ICSI is perceived 
as an external influencing factor. To date, a number of 
studies have reported a reduced ability of ICSI-derived 
embryos to develop to the blastocyst stage [34, 35]. Since 
this phenomenon has also been reported in a sibling 
oocyte study [36], it is suggested that it might be related 
to the injection procedure rather than to the origin of 
the male gamete. Besides, the developmental rate of ICSI 
embryos are faster compared to IVF embryos (at least 
during 48 h) [37] and more advanced embryos (9–10-cell) 
may suffer from the detrimental freezing effect of mitotic 
cells [38]. Therefore, ICSI probably results in embryos 
with more cells when cryopreservation and subsequent 
blastomere loss when warming due to the damage of 
mitotic cells.

The present study has several salient strengths. First, 
it is the largest population study so far with a sample 
size of 5287, focusing on the impact of blastomere loss 
on the pregnancy outcomes of D3 vitrified cleavage-
stage embryos in single FET cycles. Second, we cal-
culate the concrete pregnancy rate according to cell 
stage at cryopreservation and the number of blasto-
mere loss, in a detailed manner. These results provide 
valuable information for assessing the success rate and 
specific clinical guidance for the corresponding strat-
egy. Moreover, we are among the pioneers investigating 
the neonatal outcomes of newborns originating from 
embryos with blastomere loss. Our findings confirm 
the safety of embryos with blastomere loss in vitrified/

warmed cycles and offer the obstetricians and pediatri-
cians reassuring conclusions. In addition, we take the 
lead in exploring the risk factor of blastomere loss. The 
creative results remind clinicians to strictly mater the 
indications of ICSI and manipulate prudently in the 
procedure, especially for the high-risk populations with 
primary infertility.

However, our results also have some limitations. First, 
due to the low incidence of birth defects and neonatal 
mortality, these variables have wide CIs. Second, only 
patients who completed their followup were enrolled, 
though the overall follow-up rate in our center was 
around 98%. Thus, the intentionto-treat principle was not 
fully followed. Third, since whether embryos were com-
pacted at the time of freezing was absent in our record, 
we failed to explore whether compaction contributed 
to blastomere loss, although only a very small propor-
tion of embryos developed to the compacted state upon 
freezing. Last, this was a retrospective study, although 
the study was strictly executed according to good clini-
cal practice guidelines. Hence, a large-sample prospective 
trial is necessary in the future.

Conclusion
In conclusion, the D3 embryos with blastomere loss 
induced by vitrification/warming show impaired devel-
opmental potential in terms of implantation rate, bio-
chemical pregnancy rate, clinical pregnancy rate, ongoing 
pregnancy rate, live birth rate per embryo transfer cycle, 
and live birth rate per clinical pregnancy, as well as an ele-
vated early miscarriage rate. Moreover, advanced mater-
nal age, inferior embryo quality and increased blastomere 
loss are turned out to be negatively correlated with live 
birth. Of note, even the loss of less than 25% of blasto-
meres may be detrimental. The detailed analysis dem-
onstrates that the impact of 1 blastomere loss for 8-cell 
or 10-cell embryos is negligible, while for 6-cell embryos 
is fatal, which provides clinicians with more specific 
guidance when making decisions on embryo selection. 
Moreover, the neonatal conditions of embryos derived 
from blastomere loss embryos and intact embryos are 
comparable and blastomere loss is not associated with 
an increased risk of any adverse neonatal outcomes in 
the singletons, preliminarily confirming the safety of 
transferring embryos with blastomere loss. Additionally, 
primary infertility and ICSI are proven to be risk factors 
for blastomere loss, which can be applied for predict-
ing the occurrence as well as reducing the incidence of 
blastomere loss. Long-term follow-up studies with larger 
a sample size and prospective design are necessary to be 
carried out for investigating the possible effects on child 
growth and development.
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