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Reproducibility of a time-lapse embryo selection
model based on morphokinetic data in a sequential
culture media setting

Ender Yalcinkaya, Elif G. Ergin, Eray Caliskan, Zeynep Oztel, Alev Ozay, Hakan Ozérnek
FEurofertil IVF Center, Istanbul, Turkey

Objective: To compare the outcomes of embryos that were given a dynamic score based on a preconstructed embryo scoring model and to
analyze whether this model complies with our data.

Material and Methods: A total of 910 transferred embryos with known implantation data were retrospectively analyzed in this study. All of the
embryos were given a dynamic score based on the preconstructed hierarchical embryo scoring model.

Results: The highest pregnancy rate was seen in groups C+ and A- (48.2% for each), and the lowest was observed in Group E (19.7%). When
implantation and clinical pregnancy rates were compared between groups, it was found that the highest and statistically significant implanta-
tion and clinical pregnancy rates were seen in group C+ (32.7% for each, p=0.000). They were dropped down to 29.4% in Group A-.
Conclusion: The outcomes of the embryos based on the dynamic score do not comply with the results of the preconstructed model. Each IVF
laboratory is unique based on its practice. Therefore, we suggest that each IVF laboratory should determine its own embryo selection criteria

based on its own data instead of using a preconstructed model. (J Turk Ger Gynecol Assoc 2014; 15: 156-60)
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Introduction

The limitations in the number of embryos to be transferred
by the new regulations have revealed the necessity of trans-
ferring the embryo with the highest implantation potential in
order to increase pregnancy rate. There are many ongoing
studies that aim to determine new noninvasive criteria to
select the embryo with the highest implantation potential and
thus to increase overall pregnancy rates (1-4).

The most important determinants of embryo quality are the
morphological parameters of the developing embryos. During
conventional assisted reproduction procedures, embryos are
taken out of the incubators at limited time intervals in order to
protect them against the negative effects of outside environ-
mental conditions (temperature change, pH change, etc.) (5).
Therefore, there are still some question marks in mind about
embryo selection, since it is impossible to obtain detailed infor-
mation about the developmental process of the embryos.
Time-lapse applications in assisted reproduction are based on
the determination of embryo morphokinetics through monitor-
ing by camera systems that are located in standard incubators
for embryo culture. Improvements in these applications have
led to the development of devices with time lapse monitoring
as well as incubation properties. Recent studies related to time
lapse incubation have reported interesting development pat-

terns and promising results (6-8). Up to date, Meseguer et al. (7)
have constructed a hierarchical model that helps choose the
best embryo for transfer according to their experiences.

The purpose of this study is to compare the outcomes of
the embryos with known implantation data based on their
dynamic scores and to analyze whether a preconstructed
embryo scoring model based on morphokinetic data can
comply with our data.

Material and Methods

A total of 910 transferred embryos with known implantation
data were retrospectively analyzed in this study. Ethics approv-
al was obtained for the use of all relevant data. Characteristics
of the embryos are given in Table 1. All patients underwent
an antagonist protocol. In the fresh stimulation cycle of an
antagonist regimen, gonadotropin administration was started
on day 2-3 of the menstrual cycle. Follicular development was
monitored by transvaginal ultrasound at least every 2 days
after 5 days of gonadotropin administration. Gonadotropin-
releasing hormone (GnRH) antagonist (Cetrotide 0.25 mg;
Merck Serono, Bari, Italy) was started on stimulation day 6,
when the leading follicle reached a diameter of 13-14 mm,
and was used every day until human chorionic gonado-
tropin (hCG) administration. Finally, a single injection of
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Table 1. Demographic data of the embryos. The data are presented as numbers (percentages) or mean*standard deviation

(SD) from the mean
Dynamic score (based on Meseguer’s model) p

Variable A+ A- B+ C+ C- D+ D- E value
Age (years) 31£5.1 | 30x4.7 | 31.2%=5.8 | 31.8%5.3 | 30.4%5.4 | 31.4=5.9 | 30.7%£6.1 | 32.2+5.6 | 32.5=5.2 | 0.08
BMI (kg/m?) 25.3+4.0 | 25+4.5 | 24.8+3.3 | 24.5+3.7 | 25%4.3 | 25.2+4.0 | 24.8+3.3| 24.7+4.2 | 25449 | 0.95
Cause of infertility 14(6.6) | 6(7.1) 5(6.1) 2(5.9) | 24(96) | 4(65) |11(11.8)| 1(3.2) 6(9.8) [0.09
anovulation
Oligoasthenoteratospermia| 66 (31.3) | 37 (43.5) | 31(37.8) | 14(41.2) | 75(29.9) | 21 (33.9) | 37 (39.8) | 14 (45.2) | 26 (42.6)
Azoospermia 11(56.2) | 4(4.7) 6(7.3) 1(2.9) 18(7.2) | 3(4.8) |10(10.8)| 2(6.5) | 4(6.6)
Tubal factor 33(156)| 3(35) |10(122) | 1(29) | 24(96) |10(16.1) [ 14(15.1)| 1(32) | 8(13.1)
Unexplained infertility 17 (41.2) | 35(41.2) | 30(36.6) | 16 (47.1) |110(43.8)| 24 (38.7) | 21 (22.6) | 13(41.9) | 17 (27.9)
*p<0.05 is statistically significant
BMI: body mass index

hCG (Ovitrelle; Merck Serono, Bari, Italy) was administered
to induce final follicular maturation as soon as three follicles
of =17 mm were observed. The luteal phase was supported
by micronized vaginal progesterone (Progynex ampule 200
mg; Farmako, Istanbul, Turkey), progesterone in oil (Progynex
ampule 50 mg; Farmako, istanbul, Turkey), or vaginal gel
(Crinone 8% gel; Merck Serono, Bari, Italy). Progesterone
supplementation was provided until the detection of clinical
pregnancy or the 10th week of pregnancy at the discretion of
the doctor in charge. In several cases, estrogen patch (Climara
flaster 3.9; Schering, Germany) was started on the day of
embryo transfer and continued until clinical pregnancy.

After controlled ovarian hyperstimulation, transvaginal ultra-
sound-guided oocyte retrieval was performed 36 hours after
hCG injection. When follicle aspiration was finished, all oocytes
were kept in culture for 2-4 hours under the conditions of 37°C,
6% CO,, and 7% O, until denudation in the standard incuba-
tor. For all steps related to the embryo culture, two sequential
culture media (Vitrolife; Goteborg, Sweden; and Medicult;
Malgv, Denmark) were used. The oocytes were mechanically
denuded 2-4 hours after oocyte pickup. Intracytoplasmic sperm
injection (ICSI) procedure was performed for all metaphase Il
(MII) oocytes, and injected oocytes were placed into pre-equil-
ibrated culture media. The fertilization check was performed at
16-18 hours after microinjection. Presence of two pronuclei was
considered normal fertilization.

All fertilized oocytes were transferred into the wells of special
dishes (EmbryoSlide; Unisense FertiliTech, Aarhus, Denmark)
and placed into a time lapse incubator (EmbryoScope; Unisense
FertiliTech, Aarhus, Denmark) until transfer under the conditions
of 6.0% CO,, 7.0% O,, and 37.0°C. Day 2 transfers were excluded
from the study. Only day 3 and day 5 transfers were included. All
embryo transfers were performed between October 2012 and
December 2013 at the Eurofertil IVF Center, Istanbul, Turkey.
Dynamic scores of the embryos were determined based on a
preconstructed hierarchical embryo scoring model by Meseguer
et al. (7). The morphology of two day 3 transfer embryos of dif-
ferent dynamic scores is shown in Figure 1.

Table 2. Dynamic score classification of Meseguer et al. (7)
based on cleavage timings

Category | Criteria (timings)
A+ (%) t5 (within 48.8-56.6 h); s2<0.76 h; cc2<11.9 h
A- t5 (within 48.8-56.6 h); s2<0.76 h; cc2>11.9 h
B+ t5 (within 48.8-56.6 h); s2>0.76 h; cc2<11.9 h
B- t5 (within 48.8-56.6 h); s2>0.76 h; cc2>11.9 h
C+ t5 (outside 48.8-56.6 h); s2<0.76 h; cc2<11.9h
C- t5 (outside 48.8-56.6 h); s2< 0.76 h; cc2>11.9 h
D+ t5 (outside 48.8-56.6 h); s2>0.76 h; cc2<11.9h
D- t5 (outside 48.8-56.6 h); s2>0.76 h; cc2>11.9 h
E Uneven blastomere size at 2-cell stage
Abrupt division from 1 to 3 or more cells
Multinucleation at 4-cell stage
*Meseguer et al. (7) selected transfer embryos based on their mor-
phological grading, and they found that Group A+ had the highest
implantation potential

Statistical Analysis

The statistical analysis of the data was performed by using
Statistical Package for Social Sciences 16.0 (SPSS Inc, Chicago,
IL, USA). The continuous variables were analyzed for normal-
ity distribution with Kolmogorov-Smirnoff test. All continuous
variables analyzed were normally distributed and were com-
pared between the groups by using the analysis of variance
test (ANOVA). The categorical data were compared between
the two groups by using chi-square test. For all comparisons,
probability p<0.05 was considered to be statistically significant.

Results

The dynamic score classification by Meseguer et al. (7) is given
in Table 1. Demographic data regarding the embryos are pre-
sented in Table 2. While mean age and body mass index (BMI)
were similar between groups, there was a statistically significant
difference in terms of total follicle-stimulating hormone (FSH)
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Figure 1. a, b. Figures above are two examples of transfer embryos at day 3. The photographs were captured by the camera system in time-
lapse system. Embryo morphology looks similar; but dynamic scores based on embryo morphokinetics are different. Embryo with a dynamic
score of A+ (a), Embryo with a dynamic score of C+ based on Meseguer’s scoring model (b)
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Figure 2. Comparison of the clinical outcomes of the embryos with
different dynamic scores (p<0.05)

dose and number of oocytes between all groups (p=0.002 and
p=0.003, respectively). When group E was excluded from the
study, it was observed that there was no statistically significant
difference between groups in terms of mean age, BMI, total FSH
dose, and number of oocytes collected (p>0.05).

Cycle characteristics and clinical outcomes are given in
Table 3, and clinical outcomes are also shown in Figure 2. The
highest pregnancy rates were seen in groups C+ and A- (48.2%
for each), and the lowest was observed in Group E (19.7%).
When implantation and clinical pregnancy rates were compared,
it was found that the highest and statistically significant implanta-
tion and clinical pregnancy rates were seen in group C+ (32.7%
for each, p=0.000). They were dropped down to 29.4% in Group
A-. The lowest rates were again seen in Group E (6.6% per each).

When parameters, such as the type of gonadotropin used and
cause of infertility, were compared based on clinical pregnancy
within each group, it was observed that there were no statisti-
cally significant differences between different types of gonado-
tropins and causes of infertility in terms of clinical pregnancy
(p>0.05 for each). In addition, no statistically significant differ-
ence was found between groups in terms of embryo culture
media and luteal support used (p>0.05).

When Group E was excluded from the analysis, it was again
found that C+ had significantly higher pregnancy and implan-
tation rates compared to other groups (p=0.003 and p=0.026,
respectively). When BM], total FSH dose, number of oocytes
aspirated, and age were compared between groups except
group E, no significant differences were observed (p=0.946,
p=0.140, p=0.270, and p=0.314, respectively).

Discussion

Time-lapse microscopy has become a powerful technology for
the study of early embryonic development in recent years. This
is apparent by the publication of an increasing number of stud-
ies on this subject. Using this technique, a variety of morpholog-
ical and dynamic parameters can be extracted from individual
embryos and potentially used as predictive markers for healthy
embryo development and used to investigate many unknown
developmental questions (9). These predictive markers have
gained more importance, especially in countries where single-
embryo transfer is implemented, and thus, it is crucial to select
the best embryo for transfer. These systems have revealed that
even embryos with the same morphology on day 3 might have
shown different cleavage patterns during development.
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Table 3. Cycle characteristics and clinical outcomes
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Dynamic score (based on Meseguer’s model) p
Variable A+ A- B+ B- C+ C D+ D- E value
Total FSH dose (IU) | 25981009 | 23941009 | 25571639 | 2515+1041| 2416966 | 2779+1124 | 2507+919| 2853+1224 |3105+1626 |0.002*
Number of oocytes | 12.7+6.5 | 125x7.0 | 122+6.6 | 103%54 | 124+64 | 12370 | 11.6%£6.5 10£5.8 9+5.8 0.003*
aspirated
Culture media used
Vitrolife 109 (51.7) | 51(60) 46 (56.1) | 21(61.8) |117(46.6) | 33(53.2) | 44(47.3) | 20(64.5) | 37(60.6) | 0.12
Medicult 102 (48.3) | 34 (40) 36(439) | 13(38.2) |134(534) | 29(46.8) | 49(52.7) | 11(355) | 24(39.4)
Luteal support
Prog.* 97 (46) 48(56.5) | 36(439) | 10(29.4) | 138(55) | 41(66.1) | 52(62.7) | 17(54.8) | 24(39.3) | 0.34
Prog+E2%* 114(54) | 37 (435) | 46(56.1) | 24(70.6) | 113(45) | 21(339) | 31(37.3) | 14(45.2) | 37(60.7)
Clinical outcomes
Positive bheg (%) 31.8 482 439 20.6 482 38.7 43 35.5 19.7 0.00*
Implantation rate 19.4 294 22 17.6 32.7 194 31.2 226 6.6 0.00*
(%)
Clinical pregnancy 19.4 294 22 17.6 32.7 19.4 31.2 226 6.6 0.00*
rate (%)
The data are presented as numbers (percentages) or mean=SD from the mean
*Prog: progesterone ** E2: estradiol

An incubation system with a time-lapse microscopy setting has
two parts that may offer different advantages. The first part is a
microscopy system that acquires continuous monitoring of the
embryos, and the other is an incubation system that remains
stable during data acquisition.

Time-lapse microscopy seems to offer many advantages over
traditional time-point microscopy. While traditional time-point
microscopy provides images at distinct time points, a time-lapse
system generates continuous imaging until embryo transfer.
Besides, it is connected to imaging software, and it analyzes the
images by different observers, therefore decreasing inter- and
intraobserver variability, since it offers repeatability of the saved
images (4, 7). But, again, some variations were also seen in some
time-lapse annotations in a study by Sundvall et al. (10).

The second part is the incubation stability. In a large-scale retro-
spective analysis by Meseguer et al. (7) comparing clinical preg-
nancy rates with time-lapse and standard incubation (SI), it was
found that there was a significantly increased clinical pregnancy
rate over those using SI. In this study, they declared the advan-
tages of time-lapse incubation as less handling of embryos and
no need for intermediate observations, which would reduce the
risk of loss or contamination within the laboratory (11).

The main goal of using a time-lapse system is to be able to
create a mathematical model of a scoring system from all
data obtained from the embryos. For this reason, it is crucial
to analyze all embryos in detail and keep the records of the
clinical outcomes of each embryo. The purpose of this model
is to be able to select the embryo with the highest implantation
potential as early as possible. It was shown by many authors
that blastocyst-stage embryo transfer was shown to increase
the chance of pregnancy compared to day 3 embryo transfers

(12, 13). Additional data suggest that prolonged in vitro culture
may lead to imprinting errors and subsequent epigenetic dis-
orders (14, 15). Because of these possible risks of extended
embryo culture, a time-lapse monitoring system seems to offer
the construction of an embryo scoring system that may lead the
laboratory to select the embryo for transfer at an early develop-
mental stage.

Many authors have reported different prognostic factors for
better embryonic growth, and all of these parameters have
focused mostly on developmental processes before day 3, and
they suggested that the quality of the embryo was predeter-
mined before embryonic gene activation (4, 7, 8). Meseguer et
al. (7) constructed the first embryo scoring model that gives a
dynamic score, varying between A+ to F, to each embryo based
on the correlation between several developmental timings and
the clinical pregnancy outcomes they present. According to
their model, embryos with a dynamic score of A+ had the
highest implantation potential compared to the others. In our
study, we used Meseguer’s model to classify our embryos that
were transferred, and our results showed that C+ plus embryos
had the highest implantation potential compared to the others,
showing that the model constructed by Meseguer et al. (7) does
not comply with our data. There may be some possible reasons
for that difference, depending on the laboratory conditions and
techniques used.

First of all, Meseguer et al. (7) used single-step culture media,
and we used sequential culture media for embryo culture. In
the study by Basile et al. (16) comparing two types of culture
media, they did not find any significant differences between
them. Ciray et al. (17) also compared two different types of cul-
ture media in their study and found that the embryos that were
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cultured in single-step media reached the 2- to 5-cell stages
earlier compared to the ones in sequential media. However,
clinical pregnancy rates were similar between groups. Although
it does not change overall outcome, it may cause a change
in the scoring model, since it has the possibility of changing
embryo kinetics. This may be a possible reason why our results
based on the dynamic scores of Meseguer’s model did not give
the same morphokinetic outcomes.

Secondly, they were not using an O,-controlled time-lapse
incubation system. There are several studies evaluating the
effect of oxygen on embryonic development and Kinetics in the
literature. Based on the results of these studies, it is now known
that high oxygen levels during culture have a negative effect on
embryonic development. Kirkeegaard et al. (18) evaluated the
effect of oxygen concentration on embryos and evaluated their
development by time-lapse monitoring. According to the results
of their study, it was found that the timing of the third cleavage
cycle (division to 8 cells) for embryos that were cultured under
high oxygen concentrations was delayed. Wale and Gardner
performed a similar study in mouse embryos and observed that
oxygen can influence mouse embryo development at both the
cleavage stage and post-compaction stages (19). In our study,
we used 7% O2 for the embryo culture, and it is possible that
this level could have affected the kinetics of our embryos in a
different pattern compared to Meseguer’s model.

In our study, the lowest clinical pregnancy rate was observed in
group E, complying with Meseguer’s model. This is an expected
outcome, since group E was composed of embryos that had
not shown a proper cleavage pattern. There were significant
differences between all groups in terms of total FSH dose and
number of oocytes aspirated. In order to see if group E created
this difference, we made another analysis by excluding group
E. Based on this analysis, it was found that both parameters
did not show any statistical difference between other groups,
suggesting that group E creates this confounding effect and
includes the embryos of patients who were poor responders or
advanced in age who needed more FSH doses.

Our results showed that variations in different laboratories
may result in different embryo developmental criteria. Thus,
we suggest that each IVF laboratory should determine its own
embryo selection criteria based on its own data instead of using
a preconstructed model.
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