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ABSTRACT
Background: Results from the latest meta-analysis, in fresh cycles, showed that the application of
time-lapse monitoring (TLM) together with an embryo-evaluating algorithm was associated with
a significantly higher rate of ongoing pregnancy and a lower rate of early pregnancy loss. The
aim of this study was to compare the clinical outcomes of frozen embryos classified according to
morphokinetic versus morphologic criteria. Methods: This was a retrospective cohort study, con-
ducted at IVFAS, An Sinh Hospital, Vietnam, from July 2014 to July 2017. Patients undergoing in vitro
fertilization (IVF) treatmentwith antagonist protocol andhaving freeze-only onday 5were included.
Exclusion criteria were patients (i) treated with in-vitro maturation, (ii) having obstructive azoosper-
mia, or (iii) having uterine abnormalities. Embryos were cultured up to day 5 in TLM system (Primo
Vision, Vitrolife, Sweden) or in benchtop (G185, K System, Denmark). The quality of frozen embryos
was evaluated based onmorphokinetic or morphologic criteria. In the subsequent cycle, endome-
trial preparation was done by using exogenous estradiol and progesterone. Embryos were thawed
and up to 2 embryoswere transferred to the uterus. The primary outcomewas ongoing pregnancy.
The rate of post-thaw survival, post-thawed good/moderate embryo, clinical pregnancy, implan-
tation, miscarriage and ectopic pregnancy were used as secondary endpoints. Results: A total of
276 patients were recruited, with 138 patients in the morphokinetic group and 138 patients in the
morphologic group. Baseline characteristics were comparable between the two groups. Therewas
no significant difference in ongoing pregnancy rate in morphokinetic versus morphologic group
(57.2% vs. 60.1%, p=0.71). All secondary outcomes were comparable between the two groups.
Conclusion: In frozen day-5 embryo transfer, the clinical outcomes were similar when embryos
were classified according to morphokinetic versus morphologic criteria for freezing. Using mor-
phokinetic criteria to select embryos for freezing did not improve the ongoing pregnancy rate, as
compared to morphologic criteria.
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INTRODUCTION
Embryo culture, assessment and selection are im-
portant steps in improvement of the safety and effi-
cacy in assisted reproductive technology. Tradition-
ally, an embryo must be removed from an incuba-
tor for assessing under a light microscope; its de-
velopment may be affected from exposure to ambi-
ent temperature and pH conditions 1. Embryos were
evaluated and classified at the time of embryo assess-
ment, based on morphologic criteria including cell
numbers, fragmentation rate, nucleation status, cyto-
plasmic anomalies, spatial distribution of cells, com-
paction status in cleavage embryo and degree of ex-
pansion, inner cell mass morphology, and trophec-
toderm morphology in blastocysts. In recent years,
embryo culture combined with time-lapse monitor-

ing has becomemore popular worldwide and has cre-
ated a new trend of in vitro fertilization 2–4. It can
maintain an optimal culture environment, and allow
for the best possible culture conditions 5,6. Time-lapse
system can take digital images of embryos at frequent
time intervals throughout the culture period so that
the embryos can be quality-assessed without being re-
moved from the incubator Figure 1.
Time-lapse systems also record the data of embryo
development (morphokinetics), including the precise
determination of the onset, duration, and interval
between cell divisions. In addition, dynamic mor-
phologic characteristics of a developing human em-
bryo, such as pronuclei (PN) and nucleus formation
and disappearance, fragmentation, and size distribu-
tion of blastomeres may be quantified with time-lapse
monitoring 7,8. Based on the recorded data, potential
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Figure 1: Embryos were monitored by Primo Vision time-lapse system (IVFAS). Figure 1A, 1C, 1D, 1E, 1F, 1H,
1I, 1J, 1K, 1L, 1N: embryos reached the blastocyst stage. Figure 1B: embryo was blocked at morula stage. Figure
1M, 1O, 1P: oocytes were not fertilized.

embryos are used to classify and select with the sup-
port of time-lapse software.
These recent findings suggested that morphokinetic
parameters may supplement current embryo selec-
tion methods to possibly increase clinical pregnancy
rates for in vitro fertilization (IVF) treatments 7,9–11.
Meanwhile, other studies reported no significant dif-
ferences in embryo incubation and selection between
the time-lapse incubator and conventional incuba-
tor 12,13. Pribenszky et al. recently updated theirmeta-
analysis review and found that the quality of the ev-
idence was moderate to low and that there were in-
consistencies across the studies. Selective application
and variability were also limitations. Although time-
lapse is shown to significantly improve overall clini-
cal outcome, further high-quality evidence are needed

before conclusions can be drawn 14.

Recently, there has been greater evidence supporting
elective frozen embryo transfer and its improved clin-
ical outcomes, which not only achieved higher preg-
nancy rates but also loweredmaternal and infantmor-
bidity and mortality 15. Frozen embryo transfer has
become increasingly popular worldwide. Neverthe-
less, most of the published studies have mainly ana-
lyzedmorphokinetic data in embryo selection in fresh
embryo transfer cycles 13,16–18. Therefore, it was neces-
sary to verify the effectiveness of the morphokinetic
criteria in embryo selection for freezing at our center.
Accordingly, the aim of our study was to compare the
clinical outcomes of frozen embryos classified accord-
ing to morphokinetic versus morphologic criteria.
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METHODS
Patient population and study design
This is a retrospective cohort study which was con-
ducted at IVFAS (An Sinh Hospital, Vietnam) from
July 2014 to July 2017. The identifying information
was removed from patient data. As the data cannot
be linked back to an individual, it was not necessary
to obtain patient consent. The use of patient data was
approved by An Sinh Hospital. All patients undergo-
ing IVF treatment with antagonist protocol and hav-
ing freeze-only embryo on day 5 were included in our
study. Patients undergoing in vitromaturation (IVM)
cycles, having obstructive azoospermia or having any
uterine abnormalities were excluded. In this study,
256 patients undergoing assisted reproduction tech-
nology were recruited. The patients were grouped
into morphokinetic group (138 patients) and mor-
phologic group (138 patients).

Embryo culture
After retrieval, oocytes were rinsed and cultured inG-
IVF Plus (Vitrolife, Sweden) at 37◦C with 6% CO2,
5%O2 in incubator (Galaxy 170R,NewBrunswick) 19.
After 2 hours, denudation of cumulus cells surround-
ing the oocytes was performed by Pasteur pipette and
Hyase (Vitrolife, Sweden) 19. Subsequently, intracyto-
plasmic sperm injection (ICSI) was performed with
all mature oocytes. After ICSI, oocytes were cultured
overnight in G1 – Plus media (Vitrolife, Sweden) at
37◦Cwith 6%CO2, 5%O2 in benchtop (G185, K Sys-
tem, Denmark) 20. Fertilization was checked approxi-
mately 16 to 18 hours after ICSI 21.

Conventional embryo culture
Three days after ICSI, all embryos were transferred to
G2 – Plus media (Vitrolife, Sweden) for culturing at
37◦Cwith 6%CO2, 5%O2 in benchtop (G185, K Sys-
tem, Denmark) to blastocysts (20).

Time-lapse embryo culture
After evaluation of the fertilization, embryos were
transferred to WOW dish with G-TL media (Vitro-
life, Sweden) and placed in Primo Vision time-lapse
system (Vitrolife, Sweden) which was placed in an in-
cubator at 37◦C with 6% CO2, 5% O2 (Galaxy 170R,
New Brunswick).

Embryo evaluation

Conventional embryo culture
On day 5 after oocyte retrieval, embryos were re-
moved from the incubator for quality assessment, un-
der a light microscope, based on three main features:

the degree of expansion, inner cell mass (ICM) mor-
phology and trophectoderm (TE)morphology 22. The
timing of embryo assessment on day 5 was 116 ± 2
hours after ICSI.

Time-lapse embryo culture

Every embryowas assessed based onmorphologic cri-
teria and morphokinetic parameters. The whole de-
velopment process of embryos was observed via the
monitor of Primo Vision time-lapse system. The tim-
ing of embryo cleavage and appearance of abnormal
characteristics were marked. Specific kinetic mark-
ers were evaluated: time to pronuclear (2PN) fading
(t1) and cleavage to 2 cells, 3 cells, 4 cells, 5 cells, 8
cells, morula (t2, t3, t4, t5, t8, tM), time of embryo to
start of blastulation, expanded blastocyst, and time of
hatching (tEB, tB, tH.Blast). The abnormalities in the
cleavage stage embryo were also marked at the time
of occurrence and included: reverse cleavage (RCLV
— decrease of the number of embryos during divi-
sion), direct cleavage (DC — a single blastomere di-
rectly cleaved into three or more blastomeres), and
MNB (multinucleated blastomeres) 23.
Moreover, kinetic parameters were calculated based
on the time of the listed events, including: duration of
the second cycle (cc2; t3— t2), third cell cycle (cc3; t5
- t3), time of synchronous divisions s2 (t4 — t3), and
s3 (t8 — t5) 13,24–26.

Embryo selection

Morphologic group

Embryo selection for freezing was based on embryo
morphologic criteria (Istanbul consensus workshop
on embryo assessment in 2011) 22. Selected embryos
for freezing had expansion grade from2 to 5, ICMcat-
egory 1 or 2, TE category 1 or 2 22.

Morphokinetic group

Embryos were selected for freezing based on mor-
phologic criteria, timing of kinetic events, and pres-
ence of cleavage anomalies 26. Morphokinetic param-
eters were referenced from the study of Meseguer et
al. (2011) and installed in Primo Vision software 26.
When selecting embryos, embryos were sorted in or-
der by the software based on the parameters that had
been installed.

Embryo freezing
In two group, embryos had been frozen using theCry-
otec vitrification method, with a maximum of two
embryos per cryotec.
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Vitrification protocol

Preparation
Preparation of the solution in vitriplate included: 300
μL equilibration solution (ES), 600 μL vitrification so-
lution (VS) and then divide VS to the next two wells,
VS1 (300 µL) and VS2 (300 µL). Then, they were
placed at room temperature (25◦C - 27◦C) for at least
1 hour before use.

Freezing
Freezing protocol included 3 steps: equilibration
(maximum 15 minutes), vitrification 1 (30 – 40 sec-
onds), vitrification 2 (10 – 20 seconds) (following the
manufacturer’s protocol). The details are as below:
Put embryo on the surface of ES in ES well for a max-
imum of 15 minutes. Then, transfer embryo to the
half depth of the VS1 well for 30 – 40 seconds. Trans-
fer embryo to the half depth of the VS2 well for 10 –
20 seconds. Finally, put it on the end of the Cryotec
seat with a minimum volume of VS and immediately
submerge the Cryotec into liquid nitrogen.

Warming protocol

Preparation
The TS dish and the TS vial (with closed cap) were
placed in the incubator at 37◦C overnight before use.
Preparation of the solution in vitriplate included: 300
µL of diluent solution (DS) in the first well, 600 µL
washing solution (WS) and then divideWS to the next
two wells, WS1 (300 µL) and WS2 (300 µL). They
were placed at room temperature (25◦C— 27◦C) for
at least 1 hour before use.

Warming
The warming protocol included 3 steps: warming (1
minute), dilution (3 minutes), washing 1 (5 minutes)
and washing 2 (1 minute) (following the manufac-
turer’s protocol). The details are as below:
Take the TS vial out of the incubator, and expel all of
it to the TS dish. Quickly put the Cryotec from liq-
uid nitrogen into the TS dish. Let the embryo release
from the Cryotec and wait for 1 minute. Transfer the
embryo to the bottom of the DS well and wait for 3
minutes. Transfer the embryo to the bottom of the
WS1 and then wait for 5 minutes. Transfer the em-
bryo on the surface of theWS2, and wait for 1minute.
Put the embryo into the droplet of culture media until
the embryo transfer step.

Embryo transfer and outcomemeasures
Endometrial preparation was done by using exoge-
nous estradiol and progesterone until the endometrial

thickness reached 8 mm or more. After 5 days from
the start of progesterone, embryos were thawed (up
to 2 embryos). Two hours after thawing, the embryo
was transferred to the uterus under ultrasonographic
guidance.
The primary outcome was ongoing pregnancy after
the first embryo transfer cycle. The ongoing preg-
nancy was defined as pregnancy with a detectable
heart rate after 12 weeks of gestation 27,28. The sec-
ondary outcomes were the percentage of survival,
clinical pregnancy, implantation, miscarriage and ec-
topic pregnancy.

Statistical analysis
The samples of the two groups were matched by
MatchED Packages (R software). The results were
compared depending on embryo evaluation criteria
by using a Chi-squared test and significance level of
p < 0.05. All the statistical analyses were performed
using R software.

RESULTS
All of the baseline characteristics of the patients were
recorded including age, BMI, infertility duration, to-
tal FSH dose, and total days of stimulation. These
characteristics were summarized in Table 1.
Themorphokinetic group showed similar age (31.9±
5.1 years vs. 32.3± 5.9 years, p = 0.65), infertility du-
ration (5.0 ± 3.2 years vs. 5.3 ± 4.1 years, p = 0.66)
and total FSH dose (2206.8± 1065.7 IU vs. 2341.5±
971.2 IU, p = 0.29), as compared to the morphologic
group. There were no significant differences between
the two groups (Table 1). This was evident by the fact
that the primary patient’s characteristics were similar
between the two groups.
From all of the patients, there were a total of 6,264 re-
trieved oocytes with 5,369mature oocytes whichwere
administered with intracytoplasmic sperm injection.
The fertilization rate reached 84.4%. The morphoki-
netic group showed a similar average number of re-
trieved oocytes (22.9± 9.8 vs. 22.5± 9.4 oocytes, p =
0.74, ICSI oocytes (19.6± 8.7 vs. 19.3± 8.0 oocytes,
p = 0.77), fertilized oocytes (14.4± 7.0 vs. 14.7± 6.8
oocytes, p = 0.70), day-5 embryos (13.7± 6.8 vs. 13.0
± 6.6 embryos, p = 0.40), and frozen embryos (5.6±
3.6 vs. 5.6± 3.2 embryos, p=0.99), as compared to the
morphologic group (Table 2).
Our primary outcome (ongoing pregnancy rate) was
found in 57.2% in the morphokinetic group, com-
pared to 60.1% in the morphologic group, and it was
not significantly different between the two groups.
The morphokinetic group showed similar number of
embryos transferred (1.9± 0.4 vs. 2.0± 0.3 embryos,
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Table 1: Patient characteristics

Characteristic Morphokinetic group
n = 138

Morphologic group
n = 138

p-value

Age (years) 31.9± 5.1 32.3± 5.9 0.65

BMI (kg/m2) 21.1± 2.2 21.1± 2.1 0.76

Infertility duration (years) 5.0± 3.2 5.3± 4.1 0.66

Total FSH dose (IU) 2206.8± 1065.7 2341.5± 971.2 0.29

Total days of stimulation (days) 9.0± 2.1 8.7± 1.5 0.20

Table 2: Laboratory outcome data

Parameters Morphokinetic group
n = 138

Morphologic group
n = 138

p-value

Number of retrieved oocytes 22.9± 9.8 22.5± 9.4 0.74

Numbers of ICSI oocytes 19.6± 8.7 19.3± 8.0 0.77

Number of fertilized oocytes 14.4± 7.0 14.7± 6.8 0.70

Number of day-5 embryos 13.7± 6.8 13.0± 6.6 0.40

Number of frozen embryos 5.6± 3.6 5.6± 3.2 0.99

p= 0.74) and clinical pregnancy rate (64.5% vs. 65.9%,
p = 0.90), as compared to the morphologic group.
There were no statistically significant differences in
mean of endometrial thickness (11.0 ± 1.2 mm vs.
10.8 ± 1.3 mm, p = 0.09), implantation rate (51.2%
vs. 49.3%, p = 0.73), or ectopic pregnancy rate (2.9%
vs. 0.7%, p = 0.37) between the two groups. Besides,
the two groups were equal in the post-thawing sur-
vival embryo rate (100%) and miscarriage rate (5.1%)
(Table 3).

DISCUSSION
Embryos were evaluated based on their morpho-
logic characteristics 22, a practiced routinely applied
in many IVF centers worldwide. In this criteria,
blastocyst transfer with fewer embryos can be per-
formed with high implantation and clinical preg-
nancy rates 29–31. Morphokinetic data, recorded
through time-lapse technology, helpmake the embry-
ologist’s selection more precise and improve clinical
outcomes 32,33. Extended culture to blastocyst stage
has been a new trend that has been applied in many
IVF centers around theworld, includingVietnam 34,35.
Vitrification technologies have been widely used in
embryo freezing and the clinical outcomes have been
very good 36,37. Frozen embryo transfer has increased
worldwide and predominated in all embryo transfer
cycles 15.
This was the first study to evaluate the effectiveness of
morphokinetic criteria in day-5 embryo selection in

the first frozen embryo transfer cycle after freeze-all
embryo in Vietnamese patients. There were no sta-
tistically significant differences in the mean of age,
BMI, infertility duration, total FSH dose and total
days of stimulation (Table 1). The number of re-
trieved oocytes, the numbers of mature oocytes us-
ing to performance of ICSI, the number of fertilized
oocytes, the number of day-5 embryos and day-5
frozen embryos were recorded and analyzed. There
were no statistically significant differences between
the morphokinetic group versus morphologic group.
The above analysis showed that there were similarities
between the two groups in terms of patient character-
istics and laboratory outcomes.
In this study, we froze all potential embryos conceived
during the IVF cycle. By using Cryotec method (Re-
prolife, Japan), vitrification and thawing embryo pro-
tocol were applied correctly, so the post-thawing sur-
vival embryo rate was up to 100% in both groups. To
ensure endometrial acceptability, endometrial thick-
ness was assessed by the doctor before embryo trans-
fer; this parameter was similar in the two groups.
The results of our study showed that there was no
statistically significant difference between the mor-
phokinetic group versus morphologic group. The on-
going pregnancy rate was relatively high (57.2% vs.
60.1%, p = 0.71). Recently, the predictive value of
morphokinetic parameters has been studied 13,26,38–42.
Our study was a retrospective cohort study which was
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Table 3: Clinical outcome data

Parameter Morphokinetic group
n = 138

Morphologic group
n = 138

p-value

Post-thawing survival rate (%) 100 100 1.00

Endometrial thickness on FET day (mm) 11.0± 1.2 10.8± 1.3 0.09

Number of embryos transferred 1.9± 0.4 2.0± 0.3 0.74

Ongoing pregnancy rate (%) 57.2 60.1 0.71

Clinical pregnancy rate (%) 64.5 65.9 0.90

Implantation rate (%) 51.2 49.3 0.73

Miscarriage rate (%) 5.1 5.1 1.00

Ectopic pregnancy rate (%) 2.9 0.7 0.37

compiled data from July 2014 to July 2017. All poten-
tial embryos were frozen and our clinical outcomes
were analyzed based on the patient’s first frozen em-
bryo transfer cycle. Previous studies have been pub-
lished; although their clinical outcomeswere analyzed
on the fresh embryo transfer cycle, they were similar
to our study. In 2014, Rubio et al. used time-lapse
system in embryo culture, selected embryos based
on multivariable morphokinetic model, and repro-
ductive outcomes were compared to embryo selection
based on morphology. In this study, Rubio et al. con-
ducted a prospective, randomized, double-blinded,
controlled study which included eight hundred forty-
three infertile couples undergoing ICSI. They con-
cluded that reproductive outcomes were improved
when using time-lapse system in culture and selec-
tion embryo based on embryo morphokinetic crite-
ria. However, the ongoing pregnancy was not sta-
tistically significant different between the two groups
(morphokinetic vs. morphologic criteria in embryo
selection) 10. Recently, in another prospective cohort
study, there was a total of 235 patients who underwent
fresh autologous IVF cycles. They were divided into
2 groups: time-lapse monitoring (119 patients) and
conventional morphologic embryo screening (116
patients). There was no statistically significant dif-
ference between two groups in clinical pregnancy and
implantation rates 13.
Some studies only analyzed cleavage embryo selec-
tion in order to compare the effectiveness of mor-
phokinetic versus morphologic criteria in embryo se-
lection 9,16,43. Wu et al. analyzed a total of 608 patients,
which was divided into two equal groups (time-lapse
and standard incubator culture system) with 304 pa-
tients in each group. They found that the ongoing
pregnancy rate and the live birth rate in time-lapse

group were higher than that of the standard incuba-
tor culture system 16. Siristatidis showed in a study
population (of 239 women) that the womenwere clas-
sified into two groups: time-lapse and conventional
monitoring. The clinical and ICSI cycle characteris-
tics and reproductive outcomes were compared. The
results showed better reproductive outcomes in the
time-lapse monitoring group 9.
From the results of the above studies, when embryo
selection was done using the morphokinetic criteria,
the clinical outcomes were not the same between the
cleavage embryos and blastocysts. A possible cause is
the chromosome self-normalization during the devel-
opment from embryo to blastocyst stage 44.
Recently, Chen et al. published a review of effective-
ness of time-lapse imaging versus conventional meth-
ods in culture and embryo selection in clinical in-vitro
fertilization 45. Currently there is insufficient evidence
to support that time-lapse is better than conventional
methods. To evaluate the effectiveness of time-lapse
imaging, more well-designed randomized clinical tri-
als need to be done 45.
The limitation of our study is that it was a retrospec-
tive cohort study, in which we did not actively select
samples for the study. Instead, we collected data on
treated outcomes of the patient.

CONCLUSIONS
The clinical outcomes of frozen embryo transfer were
similar when embryos were classified according to
morphokinetic versus morphologic criteria for freez-
ing. Using morphokinetic criteria to select day-5 em-
bryo for freezing did not improve the ongoing preg-
nancy rate, as compared to morphologic criteria. Our
study design was weak and sample size may not be
large enough to make a statistically significant differ-
ence. A more well-designed study with a larger sam-
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ple size needs to be considered and may provide im-
pactful results.

ABBREVIATIONS
BMI: Body Mass Index
FET: Frozen embryo transfer
FSH: Follicle stimulating hormone
ICSI: Intracytoplasmic sperm injection
IVF: In-vitro fertilization
IVM: In-vitromaturation
RCT: Randomized controlled trial
TLM: Time-lapse monitoring
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