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Abstract

Objective To evaluate the development potential and clinical
significance of day 3 4-cell embryos after extended in vitro
culture.

Methods This study was a retrospective cohort study for
patients with infertility treatment between January 2011 and
July 2013. Patients undergoing blastocyst culture in controlled
ovarian hyperstimulation cycles using surplus embryos were
analyzed in the study. A total of 764 women undergoing
blastocyst culture with 1,522 surplus 4-cell embryos on day
3 were analyzed. An additional 2,391 patients with embryos
undergoing blastocyst culture during the same period with
embryos having more blastomeres were chosen as control.
Results After extended culture, 253 embryos from 183 cycles
in the study group which developed to blastocysts were fro-
zen, and 118 embryos were warmed in subsequent frozen
embryo transfer cycles. Implantation rates, clinical pregnancy
rates (PRs) and ongoing PRs were 33.3 %, 38.4 % and 31.4 %,
respectively, which were similar to those of the control group.
The singleton birth weights of newborns using these
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blastocysts showed no significant difference to that seen in
the control group.

Conclusion Surplus 4-cell embryos on day 3 displayed lower
blastulation rates. However, once a blastocyst is obtained, it
has equivalent clinical outcomes. Embryos that are develop-
mentally lagging on day 3 can be observed in extended culture
to increase the cumulative chances of a successful pregnancy.
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Introduction

It is generally accepted that embryo quality strongly affects
the subsequent pregnancy rate. Embryos are widely evaluated
using a scoring system based on cell number, fragmentation,
and other morphological criteria [1]. In comparison to other
criteria, day 3 cell number has been found to be the most
important predictor of pregnancy. Embryos with optimal im-
plantation potential on day 3 are characterized as having seven
or more blastomeres, <20 % embryo fragmentation, and ab-
sence of multinucleated blastomeres [2]. It has been reported
that, in cycles when embryos with more blastomeres are
unavailable, with day 3 transfer of 4-cell embryos, the chance
of a live birth is dramatically decreased [3].

Developmentally lagging 4-cell embryos on day 3 have
been assumed to be a sign of poor quality and deemed to be
of limited value for future use. Some laboratories with strict
inclusion criteria might be discarding surplus embryos that do
not reach 5 blastomeres on day 3 [4]. In recent years, extended
embryo culture techniques have been widely used that allow
embryos to be observed for more than 3 days after fertilization
[5-7]. Based on the development of this culture technique,
embryos that are developmentally slower on day 3 can be
cultured for additional days to observe whether they have the

@ Springer



56

J Assist Reprod Genet (2015) 32:55-60

competency to reach the blastocyst stage. Although hundreds
of articles have been published on embryo morphology and
blastulation potential, scarce information has been obtained on
the blastulation rates from day 3 4-cell embryos and subsequent
clinical outcomes in frozen embryo transfer cycles [8—11].

The objective of this study was to assess the clinical out-
comes of cryopreserved blastocysts developed from day 3 4-
cell embryos, to determine if they may substantially increase
the cumulative chances of a successful pregnancy.

Materials and methods

This retrospective cohort study was designed to compare im-
plantation and pregnancy rates in blastocysts originating from
day 3 4-cell embryos to those in blastocysts originating from
day 3 embryos with more than 4 cells. The study was approved
by the Ethics Committee of Peking University Third Hospital.
All data were collected from patients treated in a private infer-
tility practice in the Reproductive Medical Center of Peking
University Third Hospital. Cycles with surplus embryos under-
going blastocyst culture after day 3 transfer, between January
2011 and December 2012, were analyzed. As embryos are
usually cultured in group in our IVF laboratory, patients under-
going blastocyst culture with 4-cell embryos only were selected
for inclusion in the study. Patients undergoing blastocyst cul-
ture during the same period with embryos having more blasto-
meres were chosen as control. Women underwent controlled
ovarian hyperstimulation (COH) with a GnRH agonist or
GnRH antagonist protocol. Embryos that were biopsied for
preimplantation genetic diagnosis or screening and embryos
resulting from a donor egg were excluded.

Ovarian follicle growth was monitored with the use of
transvaginal ultrasonography and measurements of serum es-
tradiol (E,) levels. When at least one follicle reached a mean
diameter of 18 mm, with an estradiol concentration exceeding
500 pg/ml, a dose of 10,000 IU of human chorionic gonado-
tropin (hCG; Serono, Aubonne, Switzerland) was administered
intramuscularly. Ultrasound-guided oocyte retrieval was per-
formed 36 h after hCG injection. Luteal progesterone supple-
mentation was initiated on the day after oocyte retrieval using
60 mg progesterone (Xianju Pharmacy, Zhejiang, China).

All frozen embryo transfer cycles conducted between
February 2011 and July 2013 were examined. Endometrial
preparation in frozen embryo transfer cycles were achieved
with either natural monitored cycles or programmed artificial
cycles [12]. Natural cycles were performed for patients with
regular ovulatory menstrual cycles. Thawed blastocyst trans-
fers were scheduled for 5 days after ovulation. Luteal support
was provided with intramuscular injections of progesterone
(Shanghai General Pharmaceutical Company, China). In cy-
cles treated with hormone replacement therapy, endometrial
development was achieved with oral E,. When serum E,
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concentrations and endometrial thickness were suitable, ad-
ministration of progesterone in oil was initiated. The blasto-
cyst transfers were performed on day 6 after the initiation of
the progesterone treatment. Hormone replacement therapy
with estrogen and progesterone was continued until the preg-
nancy test. The serum hCG levels were measured 12 days
after the transfer.

Laboratory protocols

The following three commercially available culture media were
used equally: G5™ (Vitrolife, Gottenburg, Sweden); Global
(IVF Online, Toronto, Canada) and Quinn’s advantage medium
(SAGE, CA, USA). The corresponding sera supplemented the
media: HSA solution™ (Vitrolife); HSA solution (IVF Online)
and Quinn’s advantage SPS (SAGE). Mineral oil (Sigma, St.
Louis, MO, USA) was used after washing and sterile filtration.

IVF and ICSI were performed according to the laboratory’s
routine insemination procedures 2—4 h after oocyte retrieval.
Fertilization assessment was performed 16-18 h after insem-
ination or injection. The zygotes were then cultured in 25 pl of
pre-equilibrated cleavage medium droplets. The embryos
were cultured in incubators at 37 °C with 5 or 6 % CO,
[13]. The morphology of embryos was evaluated on day 3
after insemination with respect to cell number, fragmentation
and symmetry. The observations were performed at 8:30 AM
to 9:30 AM on day 3.

The best embryos were identified using standard grading
criteria and used for transfer. The number of embryos trans-
ferred was determined based on the age of the patient, and the
number of prior failed IVF cycles. After day 3 transfer, em-
bryos were cryopreserved if the patient had >5 usable cleav-
age stage embryos. If the surplus embryo number was <5 or
the embryos were deemed to be unsuitable for freezing on that
day (with over 20 % fragmentation), they were cultured fur-
ther. Embryos that were considered completely fragmented
(with over 50 % fragmentation) or terminally arrested (with
less than 4 cells on day 3 or at morula stage on day 6) were
discarded.

Embryos undergoing blastocyst culture were placed into
blastocyst media on day 3. Morphological assessment was
carried out on days 5, 6 and 7. Embryos that developed to
blastocyst stage were scored according to the criteria used by
Gardner and Schoolcraft [14]. Blastocysts that had reached
grade 3BB or better quality were vitrified for future use and
defined as usable blastocysts.

Vitrified blastocysts were exposed to 7.5 % ethylene glycol
(EG)+7.5 % dimethylsulfoxide (DMSO), then to 15 % EG+
15 % DMSO+0.65 M sucrose. Quinn’s advantage medium
with HEPES was used as the base vitrification medium.
Blastocysts were warmed in a stepwise manner (0.33 M and
0.2 M sucrose and Quinn’s advantage medium with HEPES
supplemented with 20 % HSA). Vitrified and warmed
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blastocysts were transferred in either natural or hormonally
supplemented cycles. Clinical pregnancy was defined as the
detection of a gestational sac on ultrasound examination on
day 35 after transfer. Ongoing pregnancy was defined as a
pregnancy that progressed beyond the first trimester.
Implantation rate was calculated as the number of gestational
sacs per number of embryos transferred.

The statistical analyses were performed using SPSS 16.0
(SPSS Inc.). For group differences, the level of statistical
significance was set at p<0.05. Data are presented as the
means =+ standard deviation (SD). For the comparison of the
mean values of quantitative variables, the one-way analysis of
variance (ANOVA) was used. Chi-square test analysis was
adopted for comparison of the rates between two groups. Due
to small number, the Fisher's exact test was used to compare
miscarriage rates, preterm birth rates and abnormal
birthweight rates.

Results
General information

We retrospectively analyzed 764 IVF-ET cycles during which
1,522 surplus 4-cell embryos underwent extended culture.
These were compared to a group of embryos with higher cell
numbers (18 % 5-cell embryos, 71 % 6-8 cell embryos and
11 % >8 cell embryos) also undergoing extended culture. In
the control group, blastocyst culture were performed from
2391 IVF-ET cycles with 5,934 embryos. The average age
of women in the study group at the time of oocyte retrieval
was 33.56 years which was statistically significant older than
the control group. The mean numbers of oocytes from the two
groups were 11.01 and 10.67 per retrieval with no statistical
difference (Table 1).

In vitro development

Blastulation rates were significantly lower in the study cycles
than in the controls. Usable blastocysts were also significantly
reduced in the study group compared with the control group:
253 (16.6 %) of the study group and 1,915 (32.3 %) of the
control group. During the course of the study, 183 (24.0 %)
and 1,183 (49.5 %) cycles finally achieved cryopreservation
in the study and the control groups, respectively (Table 2).

Clinical outcomes

Until July 2013, 118 blastocysts from 91 cycles of the study
group and 674 blastocysts from 466 cycles of the control
group were thawed with the intention of transfer. There were
no significant differences in blastocyst survival rates between
the study group and the control group. The clinical pregnancy

rate and implantation rate were 38.4 % and 33.3 % in the study
group, respectively, which were similar to those of the control
group. The ongoing PRs were 31.4 % and 36.2 % for the study
group and the control group, respectively. No statistical sig-
nificance was found between the two groups (Table 3).

Birth outcomes

To evaluate the safety of blastocysts from 4-cell embryos, the
birth outcomes of these patients were investigated. There were
no significant differences in the mean gestational age of two
groups. Among the 25 women who delivered singletons in the
study group, the mean birth weight was 3218g. Among the
135 women who delivered singletons in control group, the
mean birth weight was 3345g. No adverse outcome was
observed in singletons born after transfer of vitrified blasto-
cysts from the two groups. Due to the small number in twins
born, data were not compared with the two groups (Table 4).

Discussion

The present study demonstrates that the developmentally lag-
ging 4-cell embryos on day 3 had a blastocyst formation rate
of 31.7 %, which was significantly lower than that of embryos
with more blastomeres on day 3. However, the pregnancy rate,
implantation rates and the ongoing pregnancy rates from
cryopreserved blastocysts developed from day 3 4-cell em-
bryos were similar to that of those from other cryopreserved
blastocysts. Our data demonstrate that while 4-cell embryos
may not blastulate as often as those with more cells on day 3,
that once a blastocyst is obtained, it has equivalent clinical
outcomes.

Previous studies [15, 16] have demonstrated that embryo-
scoring systems at the cleavage stage have a limited ability to
predict the developmental potential of a blastocyst. Sjoblom
et al. [17] illustrated that when they cultured embryos that
were classified as unsuitable for freezing or transfer on day 3,
they still obtained a number of good quality blastocysts.
Hardarson et al. [18] also reported that good quality blasto-
cysts can develop from embryos classified as suboptimal.
Furthermore, Guerif et al. [19] revealed that morphological
assessment at days 1 and 2 represents a fairly low prediction of
embryo viability. These studies suggest that surplus embryos
that might become normal blastocysts are sometimes
discarded during IVF treatment. Widely used embryo scoring
systems consider three characteristics, including cell number,
fragmentation and the general appearance of the blastomeres.
Among them, the cleavage rate is believed to be a major
determinant of development [8].

Our study focused on the developmental potential of slow-
ly developed 4-cell embryos which were generally believed as
suboptimal and even useless on day 3. As embryos with no
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Table 1 Patients and cycle

characteristics Embryo cell number on day 3
Study group (4-cells on day 3)  Control group (more than P value
4-cells on day 3)
Cycles (embryos) 764 (1,522) 2,391(5,934)
Maternal characteristics
Age at retrieval (years £ SD) 33.56 (+4.7) 3249 (+4.5) <0.0001
BMI (kg/m* £ SD) 22.40 (£3.3) 22.60 (£3.4) 0.171
Type of infertility (%)
Primary 405 (53.0) 1,318 (55.1) 0.307
Secondary 359 (47.0) 1,073 (44.9)
Infertility factor (%)
Male 151 (19.8) 522 (21.8) 0.278
Female 305 (39.9) 917 (38.4)
Mix 289 (37.8) 913 (38.2)
Unknown 19 (2.5) 39 (1.6)
Duration of infertility (years + SD)  5.44 (£3.7) 5.15 (#3.7) 0.063
Basal FSH level (IU/L + SD) 7.17 (£2.9) 7.20 (+4.3) 0.879
Basal E, level (pmol/L + SD) 161.46 (£105.9) 163.88 (£161.1) 0.700
Oocytes retrieved (numbers + SD)  11.01 (£5.06) 10.67 (+4.7) 0.091
Data are presented as numbers Cycles with ICSI (%) 321 (42.0) 1,053 (44.0) 0.326

(%) or mean = SD

fragmentation to moderate fragmentation were cultured in
group until the blastocyst stage in our IVF laboratory, other
parameters including fragmentation and blastomeres size were
not estimated in this study.

Until now, the reason for the slow cleavage of day 3 4-
cell embryos has not been fully explained. Maternal age may
influence the cleavage rates. Janny and Menezo [20] dem-
onstrated a clear declination in the quality of human embry-
os arising from aging oocytes. Our data also indicate an
increasing maternal age of patients in the study group. But
as both average ages in the study and control groups were
considered young, this may not lead to a clinical significant
difference. Reports also showed that qualities of either oo-
cytes or sperm may affect the cell divisions in the human

preimplantation embryo. Embryo development can be com-
promised by deficiencies in sperm-derived developmentally
relevant cytoplasmic factors, oocyte activating substances
and centriole [21, 22].

Furthermore, the significantly lower rate of blastocyst for-
mation in the 4-cell group may be due to an increase in
chromosomal anomalies. Many studies have shown that the
chromosomal status of embryo may affect the embryo cleav-
age rate and morphology [18, 23, 24]. Most of the researchers
used fluorescence in situ hybridization (FISH) techniques and
found a higher incidence of chromosomal abnormality of
cleavage-stage embryos with poor morphology. However,
FISH has a number of recognized limitations which might
influence the interpretations of the findings. Recent years,

Table 2 Comparison of culture
outcomes of embryos stratified by
cell number on day 3

Embryo cell number on day 3

Study group (4-cells on day 3)  Control group (more than P value
4-cells on day 3)

No. of cycles undergoing BC 764 2,391

No. of embryos undergoing BC 1,522 5,934

Blastocyst formation (% 482 (31.7 3,287 (55.4 <0.0001
BC, blastocyst culture Blas s (i)‘rmla lOI;/( . 253 (16 6) 1’915 (32 3) 0.0001

t t . . <0.

Control group contained 18 % astocysts frozen (%) (166) 915 (323)
5-cell embryos, 71 % 6-8 cell Day S frozen 20 (79) 792 (414) <0.0001
embryos and 11 % >8 cell Day 6 frozen 211 (83.4) 1,077 (56.2)
embryos Day 7 frozen 22 (8.7) 46 (2.4)
Data are presented as Cycles with blastocysts frozen (%) 183 (24.0) 1,183 (49.5) <0.0001

numbers (%)
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Table 3 Comparison of clinical
outcomes of cryopreserved blas- Embryo cell number on day 3
tocysts stratified by cell number
on day 3 Study group (4-cells on day 3)  Control group (more P value
than 4-cells on day 3)
No. of cycles thawed 91 466
No. of cycles transferred 86 453
No. of embryos thawed 118 674
Cancellation rate /Cycle (%) 5(5.5) 13 (2.8) 0.193
Thaw survival /Embryo (%) 111 (94.1) 638 (94.7) 0.794
Age at transfer (years + SD) 33.28 (£3.7) 32.53 (4.4) 0.131
BMI (kg/m? + SD) 22.70 (£3.0) 22.54 (£3.3) 0.717
Implantation /Transferred embryo (%) 37 (33.3) 235 (36.8) 0.479
Clinical pregnancies /Transfer cycle (%) 33 (38.4) 200 (44.2) 0.321
Implantation rates: number of Day 5 frozen (%) 4/10 (400) 90/192 (469) 0.754
gestational sacs /number of em- Day 6 frozen (%) 26/68 (38.2) 105/249 (42.2) 0.559
bryos transferred Day 7 frozen (%) 3/8 (37.5) 3/7 (42.9) 1.000
Four cycles in control group were . ies /Transf le (© 27 (314 164 (36.2 0393
mixed transferred of both day 5 Ongoing pregnancies /Transfer cycle (%) 7(314) (36.2) .
and day 6 blastocysts and one Early pregnancy loss /Pregnancy
cycles were mixed transferred of Day 5 frozen (%) 1/4 (25.0) 15/90 (16.7) 0.532
both day 6 and day 7 blastocysts  Day 6 frozen (%) 4/26 (15.4) 20/105 (19.0) 0.783
Data are presented as numbers  Day 7 frozen (%) 13 (33.3) 1/3 (33.3) 1.000

(%) or mean = SD

comparative genomic hybridization (CGH) were widely used
to the study of the full karyotype of blastomeres. Dekel-Naftali
et al. [25] combined FISH and CGH techniques found that
high levels of chromosome abnormalities were observed in
embryos at early development stages, while towards the blas-
tocyst stage, the proportion of euploid embryos rises. Fragouli
et al. [26] showed that chromosome abnormalities were com-
mon even amongst embryos with the best morphology at day
3. However, at the blastocyst stage abnormalities were over-
represented amongst embryos considered to be of poor mor-
phology. Other research based on trophectoderm biopsy to
perform chromosomal analysis has shown higher aneuploidy
rates in slower developing blastocysts [27]. These studies
demonstrate that there is an association between chromosomal
abnormality and embryo development and that there is

progressive loss of chromosomally abnormal embryos during
preimplantation development [25].

Due to the low division rate of day 3 4-cell embryos,
embryo selection may be fulfilled by culturing the embryos
for a prolonged period. During this process, a sizeable number
of unsuitable embryos will arrest and potentially viable em-
bryos will be frozen at the blastocyst stage for further frozen
embryo transfer cycles.

In conclusion, our findings indicate that surplus 4-cell
embryos on day 3 have clinically important potential.
During I'VF treatment, these later developing preimplantation
embryos can be observed for an extended period of in vitro
culture. Transfer of vitrified and warmed blastocysts devel-
oped from day 3 4-cell embryos may increase the cumulative
chances of a successful pregnancy.

Table 4 Neonatal outcomes in
singleton pregnancies conceived
after transfer of vitrified and

Embryo cell number on day 3

thawed blastocysts Study group (4-cells on day 3) Control group (more than P value
4-cells on day 3)

Proportion of male infants (%) 13/25 (52.0) 73/135 (54.1) 0.848
Gestational age (weeks + SD) 38.04+1.8 38.43+2.1 0412
GA <37 weeks (%) 3/25 (12.0) 25/135 (18.5) 0.572
GA >42 weeks (%) 0/25 3/135 (2.2) 1.000
Birthweight (g + SD) 3,218+491 3,345+634 0.371
Low birthweight (<2500g) 1/25 (4.0) 9/135 (6.7) 1.000

Data are presented as numbers High birthweight (>4,500g) 0/25 2/135 (1.5) 1.000

(%) or mean + SD
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