Received: 9 August 2017 Accepted: 12 October 2017

DOI: 10.1002/rmb2.12070

ORIGINAL ARTICLE Wl | DAl Reproductive Medicine and Biology

Synchrony of the first division as an index of the blastocyst
formation rate during embryonic development

Yamato Mizobe | Makoto Tokunaga | Naoto Oya | Reiko Iwakiri | Naomi

Yoshida | YumiSato | Nanase Onoue | Yuji Ezono

Aiiku Ladies Clinic, Kagoshima, Japan

Abstract

Correspondence Purpose: To devise an uninvasive selection system for human embryos with high de-
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Email: Ica.aiiku.lab.3f@gmail.com and in vivo effectiveness of first division synchrony against subsequent embryonic

velopmental potential after a single oocyte retrieval cycle by comparing the in vitro

developmental stages.

Methods: The effects of using assisted reproductive technology on 948 embryos that
were produced in 137 cycles were examined by dividing the embryos into “early cleav-
age” (first division within 25.90 hours) and “late cleavage” (first division at or after
25.90 hours) groups and comparing the blastocysts and good-quality blastocyst for-
mation rates between the two groups. These two groups were each divided further
into “high synchrony” (first division synchrony within 3.96 hours) and “low synchrony”
(first division synchrony at or after 3.96 hours) groups. The blastocysts, good-quality
blastocyst formation rates, and pregnancy rates were compared among these four
groups.

Results: Both the blastocysts and good-quality blastocyst formation rates were signifi-
cantly higher in the early-cleavage groups than in the late-cleavage groups. The blas-
tocyst formation rate of the latter was also significantly increased in the high-synchrony,
compared with the low-synchrony, group.

Conclusion: First division synchrony in a single oocyte retrieval cycle could be a useful
assessment of the blastocyst formation rate that enables the selection of viable em-

bryos at an early stage of culture.
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1 | INTRODUCTION Using this instrument, embryos and embryonic development can

be assessed and monitored at all times without removal from the
The EmbryoScope (Vitrolife, Géteborg, Sweden) time-lapse incuba- incubator, eliminating the risks that are posed by external stressors,
tor has attracted widespread interest in the scientific community in such as temperature change, light exposure, high-level oxygen expo-
recent years.1® This embryo-monitoring system includes an incuba- sure, and pH changes in the culture medium. In this manner, more in-
tor with a built-in microscope and charge-coupled device camera. formation can be obtained by analyzing embryonic growth at various
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time points, rather than morphological observation at a single time
point. The concurrent application of a single-step culture medium
enables a continuous blastocyst culture system to be established.
Eliminating the need for the direct observation or exchange of culture
medium guarantees undisturbed growth conditions and increased suc-
cess of embryogenesis.

Most importantly, the continuous observation of embryo de-
velopment in a time-lapse system allows the optimal selection and
prioritization of the order of embryos to be transferred. Recent as-
sisted reproductive technology (ART) includes improvements in
cryopreservation techniques’* that have increased the priority for
the culture and transfer of blastocysts, compared with fresh embryo
transfer.**"*3 Limiting embryo transfer to blastocysts alone is not al-
ways recommended, as low blastocyst formation rates can terminate
the embryo transfer process. Therefore, the most reliable indicator of
embryo quality is whether or not embryos reach the blastocyst stage.

Embryos need to be cultured for 5-6 days to reach the blastocyst
stage. In early-stage embryo transfer (day 2 or 3), the selection of
good embryos during the early stage of culture is crucial in order to
determine the optimal culture duration and timing for embryo trans-
fer. Previous studies have demonstrated the methods for selecting
good embryos, with a focus on the division speed and morphology
of early-stage embryos.!>**1¢ Although the early-stage transfer of
embryos that are selected by using a time-lapse system does not in-
crease pregnancy rates, blastocyst transfer does so.'” Thus, the use
of a time-lapse system is important in order to determine whether
embryos have reached the blastocyst stage at an early stage of
culture.

Various studies attempting to identify the indicators of the blas-
tocyst formation rate have found: correlations between the time
from fertilization to the first division and the number of blastomeres
and embryo implantation potential on day 2;'® an association be-
tween the times of first and second division and embryo implanta-
tion potential on day 3, relationships between synchrony of the
second and third divisions and the rate of formation of good-quality
blastocysts;?° and correlations between synchrony of the second di-
vision and the potential of embryos to develop into blastocysts.?
Several other studies also have found that the time until the first
division is an important factor for blastocyst formation rates.?>%’
From this perspective, it was examined whether synchrony and the
average time until the first division were indicators of blastocyst for-
mation rates in order to determine the characteristics of the em-
bryos that developed into transferable blastocysts during the early

culture period.

2 | MATERIALS AND METHODS

Allthe study’s participants were required to provide written informed
consent and the study design was approved by the appropriate eth-
ics review boards. Ovarian stimulation followed a short protocol that
used the gonadotropin-releasing hormone analog, buserelin acetate
(Fuji Pharmaceutical Company, Ltd., Tokyo, Japan), together with
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follicle-stimulating hormone and human menopausal gonadotropin
(ASUKA Pharmaceutical Company, Ltd., Tokyo, Japan). Human cho-
rionic gonadotropin (hCG; Fuji Pharmaceutical Company, Ltd.) or
leuprolide was administered when the maximum diameter of two
or more follicles had reached 18 mm. Cumulus-oocyte complexes
were retrieved by ultrasound-guided transvaginal follicle aspira-
tion at approximately 36 hours after hCG injection. Between April,
2014 and June, 2016, the outcomes of 137 patients for 137 cycles
were examined. The fertilization of the oocytes was performed by
intracytoplasmic sperm injection (ICSI) using standard techniques.
The retrieved oocytes were precultured for 3 hours in a 10% serum-
added human tubal fluid (HTF; NAKA Medical, Tokyo, Japan). After
preculture, the oocytes were denuded by pipetting in 80 U/mL
hyaluronidase solution (NAKA Medical). A single sperm was immo-
bilized in 7% polyvinylpyrrolidone solution (NAKA Medical) and ICSI
then was performed in a drop of 20% serum-added 4-(2-hydroxyet
hyl)-1-piperazineethanesulfonic acid-HTF (NAKA Medical) by using
the IM-11-2 injector (Narishige, Tokyo, Japan) and K-MPIP-3130
injection pipettes (Cook Medical, Bloomington, IN, USA). All the
embryos were transferred to 30 L of ONESTEP medium (NAKA
Medical), covered with sterile mineral oil, and incubated at 37°C
under 5% CO,, 5% O,, and 90% N, for a maximum of 6 days. All
the oocytes were cultured in the EmbryoScope immediately after
microinjection. Cryopreservation of the blastocysts was performed
by established methods”° by using a Cryotop® (Kitazato, Shizuoka,
Japan). The blastocysts in which both the inner cell mass and tro-
phectoderm were graded as B or higher were regarded as “good

n28

quality,””® whereas the blastocysts that were graded as C were

discarded.

2.1 | Experimental designs

The treatment cycles in which four or more fertilized oocytes were
cultured in the EmbryoScope were targeted. The time until divi-
sion was measured from the point at which ICSI was performed.
The time lag of the first division was measured by subtracting the
time that the first embryo divided from the subsequent time of
division of each embryo. The average time lag of the first division
time was defined as the degree of synchrony of the first division
(Figure 1). The smaller the time lag, the greater the synchrony.
The study used 25.90 hours as a reference value for the defini-
tion of early-cleavage embryos in the first division, according to
the authors’ previous study.!” The average time of synchrony of
the first division in a single oocyte retrieval cycle was 3.96 hours

for 137 cycles.

2.1.1 | Experiment|

The embryos were divided into two groups: those in which the first di-
vision occurred within 25.90 hours (early-cleavage group) and those in
which the first division occurred at or after 25.90 hours (late-cleavage
group). The blastocyst and good-quality blastocyst formation rates
were compared between these two groups.
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Time until division was measured
from the point at which
intracytoplasmic sperm injection

(ICST) was performed.

NOI-

No. 2

|
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Time lag of the first division was measured by subtracting the time untl
division of each embryo from that of the embryo that divided first.

e T time before first division from ICSI

Difference of the ICSI time.

<—> Difference of the first division time when it
was based on the embryo which divided first.

' ' Time lag of the first division time when it
was based on the embryo which divided first.

The average time lag of the first division
time was defined as the degree of
synchrony of the first division.

- Time (hour)

FIGURE 1 A detailed view of synchrony observed in embryos undergoing first division

2.1.2 | Experimentll

Using the average time of synchrony of the first division (3.96 hours)
as a reference value, the embryos that displayed a time of syn-
chrony of the first division of within 3.96 hours were defined as
“high-synchrony” and those that displayed a time of synchrony
of the first division at or after 3.96 hours were defined as “low-
synchrony” (Figure2). These four groups were compared for blasto-
cyst formation rates, good-quality blastocyst formation rates, and
pregnancy rates. Group A was defined as the embryos in which the
first division occurred within 25.90 hours and the average time of
synchrony was within 3.96 hours, group B was defined as those
embryos in which the first division occurred within 25.90 hours
and the average time of synchrony was 23.96 hours, group C was
defined as the embryos in which the first division occurred at or
after 25.90 hours and the average time of synchrony was within
3.96 hours, and group D was defined as those embryos in which the
first division occurred at or after 25.90 hours and the average time
of synchrony was 23.96 hours.

2.1.3 | Experimentlll

Blastocysts were transferred to 92 patients for 134 cycles after the
next hormone replacement therapy cycle. After thawing, a single blas-
tocyst transfer was performed, and 3 weeks after transfer, the clinical
pregnancy rates were determined by using ultrasound to detect the

presence of a gestational sac.

2.2 | Statistical analysis

The statistical analysis was performed by using the chi-square test
with continuity correction (experiment I) or Bonferroni corrected chi-
square test with continuity correction (experiments Il and Ill). P< .05

was considered to be statistically significant.

3 | RESULTS

Age, maturation, fertilization, blastocyst formation and good-quality
blastocyst formation rates, and the average synchrony time are shown
in Table 1.

3.1 | Experimentl

As shown in Table 2, the blastocyst formation rate in the satisfactory
group (74.1%) was significantly higher (P<.01) than in the unsatisfac-
tory group (56.1%). The good-quality blastocyst formation rate in the
satisfactory group (47.5%) was also significantly higher (P<.01) than in
the unsatisfactory group (26.8%).

3.2 | Experimentll

As shown in Table 3, the blastocyst formation rate in group A
(75.6%) was significantly higher (P<.01) than in groups C (62.9%) and
D (49.3%), while the blastocyst formation rates in groups B and C
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(A) High-synchrony

FIGURE 2 Embryos showing synchrony of the first division. (A) The embryos that displayed synchrony within 3.96 hours were recognized as
“high synchrony” and (B) the embryos that displayed synchrony at or after 3.96 hours were recognized as “low synchrony”

(70.3 and 62.6%, respectively) were significantly higher (P<.01) than
in group D (49.3%). The good-quality blastocyst formation rates in
group A (49.1%) and group B (43.5%) were also significantly higher
(P<.01) than in groups C (30.0%) and D (23.5%).

3.3 | Experiment Il

As shown in Table 4, there was no significant difference in the
pregnancy (36.0-63.6%) and miscarriage (11.1-35.7%) rates among

groups.

TABLE 1 Embryological outcomes of intracytoplasmic sperm
injection with respect to the study’s parameters

Characteristic Value

137 patients
for 137 cycles

Patient per cycle

Age (years)® 37.1+4.0
No. of retrieved oocytes 1286
Mature oocytes: N (%)° 1127 (87.6)
Fertilized oocytes: N (%)° 948 (84.1)
Cultured embryos (N)? 918
Blastocysts: N (%)¢ 600 (65.4)
Good-quality blastocysts: N (%) 344 (37.5)
Average synchrony time (hours)® 3.96+2.15

?Data are presented as the mean * standard deviation.

"The percentage of retrieved oocytes

“The percentage of mature oocytes.

9Thirty fertilized oocytes were cryopreserved for transfer on day 1, 2, or
3.

®Percentage per cultured embryo.

fGood-quality blastocysts were defined as those scoring B or higher for
both inner cell mass and trophectoderm grade.

TABLE 2 Effect of first division times on the subsequent
embryonic development

Blastocysts: N (%)°

Cultured
Criterion® embryos (N)  Total Good quality
Satisfactory 474 351 (74.1)° 225 (47.5)°
Unsatisfactory 444 249 (56.1)¢ 119 (26.8)¢

“Embryos that completed the first divisions within 25.9 hours after culture
were regarded as satisfactory embryos.

5The percentage per cultured embryo.

cdvalues with different superscript letters significantly different (P<.01)
within each column.

4 | DISCUSSION

The blastocyst and good-quality blastocyst formation rates were
high for the embryos that exhibited an early first division (before
25.90 hours). Even for the embryos that displayed a later first divi-
sion, those featuring high synchrony of the first division in a single
oocyte retrieval cycle had a high probability of reaching the blastocyst
stage. Moreover, the embryos that displayed an early first division
and shorter average time of synchrony showed the highest blasto-
cyst formation rate of all the embryo groups that were examined in
this study. Therefore, it has been hypothesized that high synchrony
of the first division in a single oocyte retrieval cycle was a useful
criterion for predicting the blastocyst formation rates. However,
the embryos that had a late first division and shorter average time
of synchrony showed lower blastocyst and good-quality blastocyst
formation rates than the embryos that exhibited an early first divi-
sion and either a shorter- or longer-than-average time of synchrony.
These results suggested that the first division time (25.90 hours) was
a more effective indicator of blastocyst formation, compared with
synchrony of the first division.
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First division

Blastocysts: N (%)°

TABLE 3 Effect of first division

Cultured synchrony on the blastocyst formation of
Group Time? Synchrony® embryos (N) Total Good quality human embryos
A + + 336 254 (75.6)f 165 (49.1)°
B + - 138 97 (70.3)% 60 (43.5)
C - + 227 142 (62.6)° 68(30.0) ¢
D - - 217 107 (49.3)¢ 51(23.5)¢

2Embryos in which the first division occurred within 25.90 hours (+); embryos in which the first division

occurred at or after 25.90 hours (-).

The average time of synchrony was within 3.96 hours (+); the average time of synchrony was

>3.96 hours (-).
“The percentage per cultured embryo.

defyzalues with different superscript letters significantly different (P<.01) within each column.

TABLE 4 Effect of first division synchrony on the pregnancy rate of human embryos

First division
Transferred
Group Time® Synchrony® embryos (N) (%)°
A + + 66
B + - 25
C - + 21
D - - 22

Pregnancies: N

14 (63.6)

Miscarriages: Average age of the patients at the

N (%)¢ oocyte retrieval cycle (years)®
32 (48.5) 6(18.8) 36.1+3.5
9 (36.0) 1(11.2) 36.5+4.0
11 (52.4) 2(18.2) 36.9+4.5
5(35.7) 37.0+2.6

2Embryos in which the first division occurred within 25.90 hours (+); embryos in which the first division occurred at or after 25.90 hours (-).
The average time of synchrony was within 3.96 hours (+); the average time of synchrony took =3.96 hours (-).

“The percentage per transferred embryo.
4The percentage per pregnancy.
®The data are presented as the mean + standard deviation.

Previous reports have shown that early-cleavage embryos had
strong developmental potential.?22% Some studies classified all em-
bryos into “early-cleavage” and “non-early-cleavage” groups and com-
pared them.?>?” Other studies also grouped the embryos into those
that ultimately resulted in pregnancy and those that did not.?>%¢ In
contrast, this study compared the embryos that were retrieved from
a single oocyte retrieval cycle and measured the synchrony of the
first division, thereby predicting the subsequent embryo develop-
ment more accurately than the retardation time until first division. The
stronger correlation for synchrony, rather than the retardation time
until division with the blastocyst formation rate, might be attributed
to the high synchrony of the first division in a single oocyte retrieval
cycle and therefore a more homogeneous quality of retrieved oocytes.

Previous studies also have revealed various morphological factors
that are associated with the oocyte quality. Typical examples are the li-
pofuscin body?’ and the smooth endoplasmic reticulum cluster,*® where
only a small percentage of embryos with such morphological abnormal-
ities reached the blastocyst stage. The presence of a lipofuscin body,
smooth endoplasmic reticulum cluster, centrally located cytoplasmic
granularity, or vacuoles in embryos reduced the rate of pregnancy.31 The
oocyte quality with these factors was considered to be inhomogeneous,
resulting in large variations in division speed, which reduced the blasto-
cyst formation rate. In the current study, the good-quality blastocyst for-

mation rate was not improved by the selection of embryos that displayed

a late first division with an early synchrony to first division, possibly as
more of these embryos featured morphological abnormalities. As the
average speed of the first division was not an accurate indicator of such
variations, the synchrony of the first division showed a stronger correla-
tion with the blastocyst formation rate. However, the high-synchrony
embryos showed an improved blastocyst formation rate for the embryos
where the first division occurred at or after 25.90 hours. Therefore,
synchrony also can be an indicator of the blastocyst formation rate.

In ART, several factors, such as hormone levels (eg, anti-Miillerian
hormone), endometrial thickness, and semen quality, are examined in
order to determine an effective treatment strategy before oocyte re-
trieval. For example, early examination will determine whether in vitro
fertilization or ICSI should be performed, the stage at which the embryo
transfer should be performed, and whether all the embryos should be
cryopreserved. However, embryo transfer might need to be avoided
if the number of retrieved oocytes is less than expected and/or the
cultured embryos fail to develop properly. When embryos show high
synchrony of the first division and sufficient numbers are likely to de-
velop into blastocysts, all the blastocysts should be cryopreserved, in-
stead of early embryo transfer. Cryopreserved embryo transfer,'” which
provides higher pregnancy rates, can be performed after the next cycle.
In the present study, cryopreserved-thawed blastocyst transfer achieved
good pregnancy rates for all groups, suggesting that this was an effec-

tive transfer technique. Once the embryos reach the blastocyst stage,
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a certain pregnancy rate can be expected. Therefore, it is important to
determine whether the embryos will reach the blastocyst stage. The syn-
chrony of the first division, as well as the first division time, can be indica-
tors of whether the embryos reach the blastocyst stage. In cases in which
the embryos show poor synchrony of the first division and are unlikely
to reach the blastocyst stage, alternatives such as early embryo trans-
fer or the cancellation of embryo transfer should be adopted as early as
possible, if cryopreservation of all the blastocysts was chosen as a treat-
ment modality. The decision to perform an early embryo transfer must
be taken by at least day 2 of culture, as a delay in starting luteal support
can reduce the pregnancy rate.%? If synchrony of the first division, which
is observed on day 1 of culture, is used as an indicator of subsequent
embryo development, luteal support through oral administration, injec-
tion, or transvaginal administration can be started on day 1. This enables
the treatment to be changed, if necessary. This method also required a
shorter observation time than those that were used in previous studies
to determine whether embryos have high developmental potential.

In conclusion, synchrony of the first division in a single oocyte re-
trieval cycle was found to be a useful indicator of the blastocyst forma-
tion rate. In the future, the authors intend to use this method in order
to determine the optimal culture duration and to effectively time the

embryo transfer process.
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