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Abstract:	A time-lapse embryo image monitoring sys-
tem consists of an incubator with a built-in microscope 
and CCD camera. Embryo assessment can be per-
formed with this type of system without removing embry-
os from the incubator, which eliminates the risks of stress 
due to temperature changes, light exposure, high oxygen 
exposure, and pH changes in the culture medium. We 
cultured embryos to the blastocyst stage using this sys-
tem and compared the results with those of a normal in-
cubator. We compared the rates of fertilization and cryo-
preservation of embryos cultured using EmbryoScope® 
and a conventional incubator. We then compared the 
pregnancy rates of EmbryoScope® and the conventional 
incubator. We finally examined the relationship between 
the early cleavage of embryos and blastocyst forma-
tion rate. The fertilization rates (EmbryoScope®: 74.1%, 
298/402; conventional incubator: 77.4%, 202/261) and 
cryopreservation rates (EmbryoScope®: 57.4%, 163/284; 
conventional incubator: 48.7%, 91/187) of embryos were 
not affected by the incubator. No significant difference 
was observed in clinical pregnancy rates between the 
groups: (EmbryoScope®: 24.5%, 24/98; conventional in-
cubator: 15.0%, 15/100). The first division time of embry-
os was significantly faster in the “2-cell” groups (Groups 
A and B) (P < 0.01) than in the “none 2-cell” group (Group 
C). The blastocyst formation rates of embryos in Groups 
A and B were significantly (P < 0.05) higher than those 
in Group C. These results indicated that EmbryoScope® 
enables a detailed and dynamic analysis of the develop-
ment of human embryos.
Key words:	 Time-lapse, Human embryo, EmbryoScope®

Introduction

The use of Assisted Reproductive Technology (ART) 
has resulted in pregnancies for many infertile patients; 
however, there are a number of problems with this proce-
dure, including multiple pregnancies. Multiple pregnan-
cies have been associated with an increased risk of peri-
natal morbidity and subsequent long-term health issues 
[1–5]. These risks have mainly been attributed to the 
high incidence of multiple pregnancies, which is directly 
related to the number of embryos transferred. There-
fore, avoiding multiple pregnancies without decreasing 
the pregnancy rate is of importance, and the transfer of 
a single embryo can resolve this issue. The treatment 
outcome of transferring cryopreserved embryos has im-
proved and single embryo transfer has become a pop-
ular procedure, leading to a decrease in multiple preg-
nancies. Therefore, cryopreserved embryo transfer has 
become an important technique in ART, and the number 
of treatment cycles has been increasing.

The development of ART has enabled the direct ob-
servation of human embryos. It is necessary to observe 
embryonic growth under a microscope during in-vitro 
fertilization; however, observing embryos for a long time 
or frequently should be avoided because of embryonic 
stress. Therefore, developing a new method to observe 
embryos under suitable culture conditions and increas-
ing the success rate of ART is desired. A time-lapse 
video recording system was developed as a solution to 
this problem. This system allows us to non-invasively 
observe embryo growth and development over a long 
period of time. Payne et al. [6] were the first to report 
the development of a time-lapse video recording system 
mounted on the stage of an inverted microscope. Fur-
thermore, Mio et al. developed a new system for time-
lapse cinematography based on the original report by 
Payne et al. [7]. Using this system, Mio et al. reported 
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various fertilization processes [7–10].
A time-lapse incubator, EmbryoScope® (Unisense 

Fertilitech) has attracted widespread interest in recent 
years [11–13]. This time-lapse embryo image monitor-
ing system is an incubator with a built-in microscope and 
CCD camera. Embryo assessment can be performed 
with this type of system without removing embryos from 
the incubator, which eliminates the risks of stress due to 
temperature changes, light exposure, high oxygen expo-
sure, and pH changes in the culture medium. The CCD 
camera captures images at 20-min intervals during em-
bryo culture. The present study was conducted to evalu-
ate the operational efficiency of EmbryoScope®. More 
specifically, we cultured embryos to the blastocyst stage 
using this system and compared the results obtained 
with those of a normal incubator. This study revealed the 
results of embryo quality and morphological analysis of 
human embryonic development using EmbryoScope®.

Materials and Methods

Ovarian stimulation was performed using the gonado-
trophin-releasing hormone antagonist protocol or GnRH 
agonist short protocol, in association with follicle stimu-
lating hormone (FSH) and human menopausal gonado-
trophin (hMG). Human chorionic gonadotrophin (hCG) or 
leuprolide was administered when the maximum diam-
eter of two or more follicles reached 18 mm. Cumulus-
oocyte complexes were retrieved by ultrasound-guided 
transvaginal follicle aspiration approximately 36 h after 
the hCG injection. Oocytes were denuded by pipetting 
in a hyaluronidase solution (Sigma, USA). Randomly-
selected oocytes were prepared for EmbryoScope® 
and the conventional incubator after ICSI or in vitro 
fertilization (IVF). The culture conditions used for Em-
bryoScope® and the conventional incubator were 37°C, 
6% CO2, and 5% O2. All the embryos were cultured in 
Global® (Life Global, USA) under mineral oil. In all experi-
ments, no significant differences were noted in the age 
of patients or the number of treatment cycles. The Mann 
Whitney U-test was used to compare cell division times 
(Table 3), and X2 analysis with continuity correction com-
pared fertilization, cryopreservation, and pregnancy and 
blastocyst formation rates (Table 1, 2 and 4). We retro-
spectively analyzed the effects of EmbryoScope®. The 
methods used in this experiment are discussed below.

Experiment I
We cultured embryos to the blastocyst stage using Em-

bryoScope® and compared the rate of cryopreservation 
in the same period with that achieved by the convention-

al incubator. We examined the outcome of 35 retrieval 
cycles involving 35 women from which ≥10 eggs were 
retrieved between January and November, 2012. The 
mean age ± S.D. of patients at the retrieval cycles was 
34.0 ± 3.4 years. Conventional IVF (8 retrieval cycles) 
embryos were cultured in EmbryoScope® or the conven-
tional incubator 5 h after insemination. ICSI (27 retrieval 
cycles) embryos were cultured in EmbryoScope® or the 
conventional incubator immediately after ICSI. Embryos 
were randomized for cultivation in the conventional incu-
bator or EmbryoScope®. All embryos were cultured for a 
maximum of six days to reach the blastocyst stage.

Experiment II
We compared the pregnancy rates of EmbryoScope® 

and the conventional incubator. We then examined the 
outcome of 198 retrieval cycles involving 196 women un-
der 40 years of age from whom ≥2 eggs were retrieved 
between January and November, 2012. The mean age ± 
S.D. of patients at the retrieval cycles was 34.9 ± 3.5 years 
old. Oocyte retrieval and fertilization were performed by 
conventional IVF (45 retrieval cycles) or ICSI (153 re-
trieval cycles) using classical techniques. Embryos were 
randomized to culture in the conventional incubator or 
EmbryoScope®. Single embryo transfer was performed 
two (91 retrieval cycles), three (98 retrieval cycles), or 
five (9 retrieval cycles) days after oocyte retrieval. Em-
bryo quality was assessed using Veeck’s classification 
for cleavage stage (two or three days) embryos [14], and 
Gardner’s classification for blastocyst stage (five days) 
embryos [15]. Two-day embryos had 2–4 cells, <10% 
fragmentation, three-day embryos had 8–12 cells, <10% 
fragmentation, and five-day blastocysts were defined as 
those with an inner cell mass and trophectoderm above 
‘BB’ according to Gardner’s criteria. Transferred embry-
os cultured by EmbryoScope® were selected according 
to growth speed and morphological evaluation. Embryos 
that divided quickly were chosen according to the study 
by Mio [9]. On the other hand, only morphological evalu-
ations under an inverted microscope were performed for 
embryos cultured in the conventional incubator.

Experiment III
We examined the relationship between the early divi-

sion of embryos and blastocyst formation rates to test our 
hypothesis that this may be used as a simple and effective 
selection criterion for selecting embryos. Evaluating em-
bryo viability based on the timing of the first and second 
cell divisions is relatively easy. Therefore, we examined 
the outcomes of all vitrified blastocysts recovered from 13 
single-cycle oocyte retrievals involving 13 women from 
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whom ≥10 eggs were retrieved between January and No-
vember, 2012. The mean age ± S.D. of patients at the 
retrieval cycles was 33.2 ± 3.1 years old. Oocyte retrieval 
and insemination were performed by conventional IVF (3 
retrieval cycles) or ICSI (10 retrieval cycles) using stan-
dard techniques. In this experiment, 177 embryos were 
fertilized, checked, and recorded. The first and second 
cell divisions were checked for all embryos. Embryos di-
viding into 2-cell at the first division were classified as “2-
cell” embryos, and those that did not were called “none 
2-cell” (Group C) embryos. The 2-cell embryos that sub-
sequently divided into 4-cells were classified as “2-cell–
4-cell” (Group A) embryos, and those that did not were 
classified as “2-cell–none 4-cell” (Group B) embryos 
(Fig. 1). We compared the first division time, second divi-
sion time, and blastocyst formation rate in each group.

Results

Experiment I
As shown in Table 1, the fertilization rates (Embryo-

Scope®: 74.1%, 298/402; conventional incubator: 77.4%, 
202/261) and cryopreservation rates (EmbryoScope®: 
57.4%, 163/284; conventional incubator: 48.7%, 91/187) 
of embryos were not affected by the incubator.

Experiment II
Clinical pregnancy rates were registered based on 

the presence of a gestational sac, visualized using ul-
trasound 5 weeks after embryo transfer. As shown in 
Table 2, no significant difference was observed in clinical 
pregnancy rates between the groups: (EmbryoScope®: 
24.5%, 24/98; conventional incubator: 15.0%, 15/100).

Experiment III
As shown in Table 3, the first and second division times 

Table 1.	 Development of embryos Cultured in EmbryoScope® and a conventional Incubator

Type of incubator No. of embryos 
cultured

Fertilization No. of embryos 
transferred

*No. of embryos 
cultured

Cryopreservation

+ – + –

Conventional incubator 261 202 (77.4%) 59 15 187 91 (48.7%) 96
EmbryoScope® 402 298 (74.1%) 104 14 284 163 (57.4%) 121

*The number of cultured embryos after single embryo transfer.

Table 2.	 Clinical Pregnancy Rates According to the Number of embryos Transferred

Type of incubator No. of embryos transferred
No. of pregnancies

+ –

Conventional incubator 100 15 (15.0%) 85
EmbryoScope® 98 24 (24.5%) 74

Single embryo transfer was performed two, three, or five days after oocyte retrieval.

Table 3.	 Cell Division Times in embryos Cultured in EmbryoScope®

No. of embryos
Group A* Group B* Group C* total

106 22 49 177

First division times (hours) 25.3 ± 2.1a 25.2 ± 3.2a 28.2 ± 3.6b 26.1 ± 3.0
Second division times (hours) 37.8 ± 2.9d 36.0 ± 4.1c 41.3 ± 6.7e 38.6 ± 4.7

*In this experiment, 177 embryos were fertilized checked and recorded. The first and sec-
ond divisions were checked for all embryos. Embryos dividing into 2-cell embryos at the 
first division were classified as “2-cell” embryos. Embryos that did not divide into 2-cell 
embryos were classified as “none 2-cell” (Group C) embryos. Two-cell embryos dividing 
into 4-cell embryos were classified as “2-cell—4-cell” (Group A) embryos, and those that 
did not were classified as “2-cell—none 4-cell” (Group B) embryos (Fig. 1). a–bValues 
with different superscripts are significantly different (P<0.01). c–eValues with different 
superscripts are significantly different (P<0.05).
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of 2-cell embryos (Groups A and B) were significantly 
(P<0.01) earlier than those of Group C. In addition, the 
second division time of embryos in Group B was signifi-
cantly (P<0.05) faster than that in Group A.

As shown in Table 4, the blastocyst formation rate 
of 2-cell embryos (Groups A, and B) was significantly 
(P<0.05) higher than that of Group C. In addition, the 
blastocyst formation rate of Group A was significantly 
higher than that of Group B.

Discussion

Despite improvements to current procedures, the im-
plantation rates of IVF embryos remain relatively low, 
with a clinical pregnancy rate of approximately 30% being 
reported per transfer [1]. To achieve a higher pregnancy 
rate, multiple embryos are often transferred simultane-
ously. However, the Japan Society of Obstetrics and Gy-

necology recommended single embryo transfer (SET) in 
2008 to reduce fetal and maternal risks. Multiple embryo 
transfers increase the risks of multiple pregnancies and 
their associated neonatal complications, and maternal 
pregnancy-related health problems [2–5]. The elective 
transfer of a single embryo (e-SET) is an efficient method 
for reducing the risk of multiple gestations; however, the 
use of single embryo transfer also reduces the chance of 
pregnancy. Therefore, selecting the most competent em-
bryo constitutes a major challenge in ART. However, the 
selection of an embryo for transfer should not be based 
solely on the number of cells alone, it should also depend 
on a morphological assessment on the day of transfer 
[16]. The opportunity to follow the dynamic developmental 
patterns of embryos using EmbryoScope® provides valu-
able information for embryo selection. EmbryoScope® 
allows a phenomenon to be observed at a specific time, 
which is directly linked to an embryo’s developmental ca-
pacity and implantation potential. Considering all of these 
factors, a high quality embryo can be selected using Em-
bryoScope®. e-SET becomes increasingly acceptable 
with EmbryoScope® and the need to improve implanta-
tion rates becomes crucial. The conventional observation 
method mainly consisted of embryo observation at one 
point in time; however, embryos can now be evaluated 
dynamically using EmbryoScope®. It was previously dif-
ficult to evaluate the pronuclear appearance and division 
process by observing embryos at one point in time, and 
the influence anterior nucleus formation or the division 
process has on the subsequent growth of embryos was 

Fig. 1.	 Classification of divisions. In this experiment, 177 embryos were fertilized, checked, 
and recorded. The first and second divisions were checked for all embryos. The embryos 
dividing into 2-cell embryos at the first division were classified as “2-cell” embryos, and 
those did not were classified as “none 2-cell” (Group C) embryos. Two-cell embryos 
dividing into 4-cell embryos were classified as “2-cell-4-cell” (Group A) embryos, and 
those that did not were classified as “2-cell-none 4-cell” (Group B) embryos.

Table 4.	 Effects of the Cell Division Pattern on the 
Blastocyst Formation Rate

Cell division 
pattern

No. of  
embryos

No. of Blastocysts

+ –

Group A 106 91 (85.8%)f 15
Group B 22 14 (63.4%)g 8
Group C 49 5 (10.2%)h 44
total 177 110 (62.7%) 67
f–hValues with different superscripts are significantly 
different (P<0.05).
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unknown. EmbryoScope® enables dynamic analysis, fer-
tilization can be precisely confirmed, and embryos can 
be evaluated with high precision.

Early cleavage is an established marker of develop-
mental competence [17, 18]. However, as shown in Table 
3, the second division time of embryos in Group B was 
significantly faster than that of Group A. Group A and B 
had second division times within the range reported by 
Mio et al. [7]. These results suggest that the most suit-
able division time is within a small time window. Group A 
showed the highest blastocyst formation rate. Therefore, 
the timing of the first and second divisions greatly influ-
ences embryonic selection.

In conclusion, time-lapse monitoring enables a detailed 
and dynamic analysis of the development of human pre-
implantation embryos, which suggests that improving the 
culture environment using a time-lapse embryo monitor-
ing system may lead to better results. Time-lapse cine-
matography imaging delivers more information about hu-
man embryonic development and growth behavior than 
conventional practices or intermittent observations. An 
EmbryoScope® incubator supports embryonic develop-
ment in the medium used for culture in a conventional 
incubator. These results indicate that EmbryoScope® 
enables a detailed and dynamic analysis of the develop-
ment of human embryos.
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