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Abstract 
The aim of this study is to compare blastocyst development and cycle outcomes of good prognosis 
elective single embryo transfer patients using conventional or time lapse incubators. A randomized study 
was designed to evaluate embryo development until the blastocyst stage in either conventional or time-
lapse incubators in good prognosis patients. Furthermore cycle outcomes of the patients were evaluated. 
The study involved 64 patients (33 for time-lapse and 31 for conventional incubation) in their first or 
second treatment cycle, with no recurrent spontaneous miscarriages, age<35 years, body mass index 
<28 kg/m2 and ≥8 oocytes retrieved. The primary outcome was the proportion of good and top quality 
blastocysts on day 5 and the secondary outcome was the implantation and pregnancy rates after elective 
single embryo transfer in good prognosis patients. The analysis performed revealed no statistical 
difference between both groups for blastocyst development, implantation and clinical pregnancy rates. In 
a selected good prognosis elective single embryo transfer population, similar rates of good and top quality 
blastocysts and comparable implantation and pregnancy rates were achieved. However, the stable 
culture conditions provided by time-lapse incubators and the use of morphokinetic parameters may allow 
the selection of the best available embryos with high developmental capacity, especially in poor prognosis 
patients.  
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Introduction  
 
The selection of the best available embryos for 
patients planned for elective single embryo 
transfer (eSET) is crucially important (Gerris 
2009; Practice Committee of ASRM 2012). 
Elective single embryo transfer in good 
prognosis patients is one of the major interests 
in assisted reproductive technologies (ART) in 
order to eliminate the risk of multiple 
pregnancies which increases both maternal and 
neonatal complications. Besides, the risks of 
these multiple pregnancies have a high cost, 
which has become a burden to governments. To 
decrease the incidence of multiple pregnancies, 
legislation regarding eSET was brought into 

force by the Turkish Ministry of Health on 6th of 
March, 2010. According to this regulation, for 
women <35 years of age, with one or no 
previous ART cycle(s), the number of embryos 
which can be transferred is limited to one.  
 
Culturing embryos until day 5 to select the best-
morphology blastocyst ensures higher 
implantation and decreases miscarriage rates 
(Gardner et al. 1998; Milki et al. 2000). 
Moreover, the vitrification of blastocysts is as 
efficient as fresh day 5 embryo transfers with 
regard to clinical pregnancies (Kuwayama et al. 
2005; Stehlik et al. 2005; Liebermann 2009). 
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Continuous monitoring of embryo development 
from fertilization to blastocyst stage by 
automated time-lapse imaging has offered the 
possibility to observe the embryonic cell division 
time-frame and thus enable evaluation embryo 
development (Wong et al. 2010). A hierarchical 
model, predicting embryo implantation was built 
through the retrospective morphokinetic analysis 
of 247 embryos transferred on day 3 (Meseguer 
et al. 2011). In this study, the most predictive 
parameters were described as being; first, the 
timing of the division to 5 cells (t5), second, the 
time between division to 3 cells and subsequent 
division to 4 cells (s2) and finally, the time 
between division to 2 cells and division to 3 cells 
(cc2). In a subsequent study, this hierarchical 
model was used in an effort to correlate kinetics 
of early embryo development with blastocyst 
formation and quality (Cruz et al. 2012). The 
same group has also presented a retrospective 
multicentric cohort study indicating a 9% 
increase in the clinical pregnancy rate when 
culturing and selecting embryos using time lapse 
incubator as compared to the conventional 
incubator (Meseguer et al., 2012). 
 
In the classical morphological evaluation, the 
embryos have to be daily removed for few 
minutes from the incubator to allow a static 
observation under the microscope, whereas in 
the time-lapse system embryos can be 
continuously monitored without being disturbed. 
In addition, time-lapse allows observing exact 
time-points of cell divisions, compaction and 
blastocyst formation, generation and absorption 
of fragments and multinucleation. The safety of 
embryo culture in time-lapse vs. conventional 
incubators has been shown in embryos from 
fresh oocytes derived from donors or infertile 
patients, respectively (Cruz et al. 2011; 
Kirkegaard et al. 2012a). 
 
Our aim was to evaluate the embryo 
development in both conventional and time 
lapse incubators and to select day 5 embryos 
with the highest developmental capacity for 
eSET in good prognosis patients. The cycle 
outcomes of these patients were also evaluated. 
 
 
Materials and Methods: 
 
Patients 
This randomized study was conducted between 
December 2011 and June 2012 in Istanbul 
Memorial Hospital ART Center approved by the 

Institutional Review Board. Informed consent 
was obtained from patients before inclusion. It 
comprises a total of 846 oocytes from 64 
patients (33 for time-lapse and 31 for the 
conventional incubation) in their first or second 
treatment cycle, with no recurrent spontaneous 
abortions, age<35 years, body mass index (BMI) 
<28 kg/m2 and ≥8 oocytes retrieved (Table1).  
 
 
The exclusion criteria were: severe 
endometriosis, polycystic ovary syndrome, 
hydrosalpynx, uterine pathology, or severe male 
factor (less than 5 million motile sperm cells in 
total ejaculate) and very severe morphological 
sperm defects (dominantly globozoospermic or 
macrocephalic samples).  
 
 
Randomization 
Following oocyte pick-up, patients matching the 
inclusion criteria were randomized for culture in 
time-lapse or conventional incubation. 
Randomization was done according to a list 
generated on random.org. The randomization 
was applied for a total of 76 patients, nine of 
which dropped-out because of not having a 
sufficient number of good blastocysts on day.  
 
 
Oocyte retrieval, embryo culture and time-
lapse imaging 
The stimulation protocol was as outlined 
previously (Kahraman et al., 2010, 2011). 
Gonadotrophin-releasing hormone (GnRH) 
antagonist and recombinant FSH (rFSH; Gonal-
F®; Merck Serono, Turkey) were used for 
ovarian stimulation. Gonadotrophins were 
started on the second day of menses at a dose 
of 150-225 IU and when the leading follicle 
reached a diameter of 12–13 mm, GnRH 
antagonist (Cetrotide®; Merck Serono, Turkey) 
was administered 0.25 mg daily until human 
chorionic gonadotrophin (hCG) injection. When 
two or more follicles had attained a minimum 
mean diameter of 18 mm, follicular maturation 
was achieved using 250 µg of r-hCG (Ovitrelle®; 
Merck Serono, Switzerland). Oocyte retrieval, 
oocyte denuding and intracytoplasmic sperm 
injection (ICSI) were performed according to 
standard protocols (Kahraman et al., 2010, 
2011). All embryos were cultured in a single step 
culture medium (LifeGlobal®, Seattle, USA). 
Following ICSI, injected oocytes were placed in 
individual wells within a special culture slide 
(EmbryoSlide™, Unisense Fertilitech, Aarhus, 
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Denmark) and put in a time-lapse incubator 
(EmbryoScope™, Unisense Fertilitech, Aarhus, 
Denmark) or in standard culture dish (Nunc® 
multidish 4 wells, Thermo Scientific, Denmark) 
and placed in a conventional incubator (Labotect 
C60 or Labotect C200), according to the 
computer-based randomization list. In line with 
our routine practice, a maximum of two patients’ 
embryos were placed in one standard incubator, 
to obtain more stable culture conditions. Culture 
media was refreshed on day 3 for both groups, 
by transferring the embryos in a pre-incubated 
dish or slide. Incubation was performed under oil 
(LifeGlobal®, Seattle, USA) at 37°C, 5% O2 and 
6% CO2. For time-lapse incubation, image 
stacks were acquired at seven focal planes 
every 20 min and data were continuously 
transferred to an external computer, 
EmbryoViewer® workstation (Unisense 
Fertilitech, Aarhus, Denmark). Embryo 
development was annotated by one investigator 
and cross-checked by two other assessors. 
 
 
 
Time-lapse evaluation, embryo scoring and 
transfer 
Fertilization and early cleavage were evaluated 
at 16-19h and 24-28h post ICSI, respectively. 
Embryo morphology was assessed on day 2 
(44-48h post ICSI), day 3 (68-72h post ICSI), 
day 4 (92-96h) by taking into consideration the 
number, symmetry, percentage of 
fragmentation, presence of multinucleated 
blastomeres and degree of compaction, as 
previously described (Kahraman et al., 2010). 
Blastocysts were scored according to Gardner’s 
classification (114-120h post ICSI).  
 
 
Additionally, for time-lapse incubation, time of 
cleavage to 2-blastomere embryo t2, and 
subsequent divisions t3, t4, t5, t6, t7, t8, t9+ 
were recorded. Also, times of morula and 
blastocyst formation were noted as tM and tB, 
respectively.  
 
 
For the time-lapse system a single blastocyst 
was selected for transfer; first, according to its 
morphology, and second, according to the 
hierarchical model recently described (Meseguer 
et al. 2011). For conventional incubation, the 
selection was based solely on the morphological 
score on day 5. 

Clinical pregnancy was defined as the presence 
of a gestational sac detected on ultrasound 3 
weeks after the first βhCG test, which was 
performed 14 days after oocyte retrieval. 
 
Statistical analysis and sample size 
calculation 
Data analysis was performed using the 
Statistical Package for Social Sciences (SPSS) 
version 15.0 (SPSS Inc., Chicago, IL). Normality 
of distributions was checked with Kolmogorov-
Smirnov test. Statistically significant differences 
in continuous variables were determined using 
the Student's t test and Mann-Whitney U test, as 
appropriate. Chi-squared and Fisher’s exact 
tests were used to analyze categorical data. P 
values of <0.05 were considered statistically 
significant.  
 
 
 
Results 
 
The analysis comprised a total of 64 patients (33 
for time-lapse and 31 for conventional 
incubation). The maturation rate of obtained 
oocytes was 73.8% in the conventional 
incubator and 82.0% in the time-lapse incubator 
(p=0.31). Maturation was independent from the 
culture system, since MII oocytes were placed in 
the incubators after ICSI. The fertilization rates 
were 91.3% and 82.2%, respectively (p=0.44). 
(Table1). Although the day 3 grade 1 embryo 
rate was significantly higher in the time-lapse 
incubator with 56.6% compared to the 
conventional incubator, 45.7% (p=0.004), the 
trend was reversed on day 4, as in the 
conventional incubator the grade 1 embryo rate 
was 43.7% and in the time-lapse 39.7% 
(p=0.04). The blastocyst development rate was 
66.6% for time-lapse and 64.3% for conventional 
incubation, which was not statistically significant 
(p=0.86). The distribution of good and top quality 
blastocysts remained nearly identical for both 
groups, although a 3% increase was observed 
for good quality blastocysts (GQB) in time-lapse 
(p=0.43) (Table1). No significant difference was 
observed in pregnancy and miscarriage rates 
after day 5 eSET between both groups. 
However, a statistically non-significant decrease 
in biochemical miscarriage rate was observed 
(4% in time-lapse vs. 11.5% in the conventional 
incubator; Table2). The clinical miscarriage rate 
was 12.5% and 13.0% in time-lapse and 
conventional incubator, respectively (p=1.00), 
with an ongoing pregnancy rate of 60%  
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Table1. Patient demographics and embryo quality in time-lapse and conventional 
incubation. 
 
Description Time-lapse 

incubation  
Conventional 
incubation 

p-value 

Patients’ demographics n=33 n=31  
Age (mean) 28.5 ± 3.32 28.5 ± 3.72 0.83 
BMI (mean) 23.92 ± 3.79 23.92 ± 4.42 0.77 
Previous trials (mean) 0.23 ± 0.43 0.13 ± 0.34 0.50 

Oocytes retrieved/ patient (mean) 13.53 ± 3.45 14.67 ± 7.07 0.55 

MetaphaseII oocytes/ patient 
(mean) 

11.1 ± 2.94 10.83 ± 5.17 0.67 

Maturation rate (%) 333/ 406 (82.02) 325/ 440 (73.86) 0.31 

Fertilization rate (%) 274/ 333 (82.28) 297/ 325 (91.38) 0.44 

Embryo development PNa=279 PNa=297  

Day 3 grade1b/ PN (%) 156/ 279 (56.63) 136/ 297 (45.79) 0.004 

Day 4 grade1c/ PN (%) 111/ 279 (39.78) 130/ 297 (43.77) 0.04 

Blastocyst/ PN (%) 186/ 279 (66.67) 191/ 297 (64.31) 0.86 

GQBd/ PN (%) 92/ 279 (32.97) 89/ 297 (29.96) 0.43 

TQBe/ PN (%) 59/ 279 (21.15) 67/ 297 (22.56) 0.85 
aPN (Pronuclear stage zygote); b. Day 3 grade 1: embryos with equal-sized blastomeres, including 0-10% fragmentation and with 
no granular structure in the cytoplasm; c. Day 4 grade 1: early blastocysts, with a sign of cavitation or completely compacted 
(morula) embryos without negative morphological defects (vacuolation, >20% fragmentation or several excluded cells); d. GQB 
(Good quality blastocysts) are those graded as 3/ 4/ 5BB, AB, BA and 2AA; e. TQB (Top quality blastocysts) are those graded as 
3AA, 4AA and 5AA. 
 
 
Table2. Pregnancies and miscarriages from time-lapse and conventional incubation. 
 
Description Time-lapse 

incubation  
(n=33) 

Conventional 
incubation 
(n=31) 

p-
value 

Pregnancies     

Biochemical pregnancies (%) 25 (75.75) 26 (83.87) 0.42 

Clinical pregnancies (%) 24 (72.72) 23 (74.19) 0.89 

Ongoing pregnancies (%) 20 (60.60) 19 (61.29) 0.95 

Miscarriages    

Biochemical miscarriages (%) 1 (4.00) 3 (11.53) 0.62 

Clinical miscarriagesa (%) 3 (12.50) 3 (13.04) 1.00 

Early pregnancy lossesb (%) 4 (16.66) 4 (17.39) 1.00 

aClinical miscarriages include only missed abortions; b. Early pregnancy losses include missed abortions, anembryonic and 
ectopic pregnancies. 
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for time-lapse and 61.2% for conventional 
incubator (p=0.95) (Table2).  
 
Morphokinetic analysis of blastocysts from 
the day-5 eSET group 
Among the 33 transferred blastocysts 24 
implanted, yielding a 72.7% clinical pregnancy 
rate for the time-lapse incubation study group. 
We calculated retrospectively mean values for 
each cellular event to be able to evaluate 
precisely slow or fast-growing embryos, in our 
clinical setting (Table 3). For the implanted 
embryos, the first cleavage was observed at 
26.45h, the time to obtain a 5-cell embryo was 
50.31h in average, the morula stage was noted 
at 83.23h and the blastocyst stage was reached 
at 99.72h (Table 3). Due to the small sample 
size the comparison of implanted and non-
implanted embryos did not reach statistical 
significance. Nevertheless, when grouping the 

embryos according to their morphology on day-5 
(TQB+GQB vs. poor quality embryos), several 
kinetic parameters were found to be significantly 
different: t2, t8, tM, tB, cc2 (duration of the 
second cell cycle) and s2 (duration of 3-cell 
stage) (Table3).  
 
For top and good quality blastocysts, the 
duration of the 2-cell stage (cc2) is 
approximately 2h longer than poor quality 
blastocysts (11.14 vs. 9.03 respectively, 
p=0.02), but the 3-cell stage (s2) lasts one hour 
less (1.22 vs. 2.33 respectively, p=0.03), 
showing that embryos with high developmental 
capacity have a more synchronized second 
cleavage cycle with a shorter 3-cell stage 
duration. Moreover, mean timings for first 
cleavage, 8-cell stage, tM and tB are 
significantly delayed for embryos developing into 
poor quality blastocysts (p:<0.01;Table3). 

 
 
Table3. Exact timing of embryonic divisions in the day 5 eSET group for the implanted 
vs. non-implanted embryos and top- good quality blastocysts vs. poor quality embryos 
(expressed in hours post-ICSI).  
 
Parameter Implanters 

 
(n=24) 

Non-
implanters 

 
(n=9) 

Significance TQB+GQB 
 

(n=152) 

Poor quality 
embryos a 

(n=91) 

Significance 

 Mean ± SD Mean ± SD p Mean ± SD Mean ± SD p 
t2 26.45±2.68 26.28±1.83 0.86 26.47±2.81 28.07±4.47 0.01 
t3 37.70±3.81 37.25±2.33 0.74 37.61±3.46 37.10±5.14 0.42 
t4 38.25±3.77 38.32±2.11 0.94 38.84±3.73 39.43±5.31 0.28 
t5 50.31±6.43 50.08±3.63 0.92 50.90±5.42 49.09±9.64 0.09 
t8 55.52±7.63 54.79±3.22 0.70 56.54±7.36 62.35±11.92 <0.01 
tM 83.23±7.66 85.78±4.55 0.35 84.12±9.00 90.83±12.08 

b 
<0.01 

tB 99.72±6.02 102.05±4.25 0.29 102.04±7.98 107.10±9.35 
c 

<0.01 

cc2 11.25±1.40 10.96±0.63 0.84 11.14±1.84 9.03±4.93 0.02 
s2 0.56±0.72 1.08±1.55 0.23 1.22±2.33 2.33±3.80 0.03 

aPoor quality embryos: poor quality blastocysts, slow-growing embryos or those with a developmental arrest after the 8-cell 
stage; b. n=74; c. n=57. 
 
 
Discussion 
 
 
Morphology alone is not sufficient as a selection 
criterion for the best embryo to be implanted. It 
is possible that time-lapse imaging and 
morphokinetic analysis of embryos could provide 
further relevant information about embryo 
development (Kirkegaard et al. 2012b). We have  

 
 
conducted a randomized study with the aim of 
evaluating embryo development in both 
conventional and time lapse incubators, 
selecting day 5 embryos with the highest 
developmental capacity fro transfer. 
 
According to our findings, similar rates of good 
and top quality blastocysts and comparable 
rates of implantation and pregnancy were 
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achieved in both types of incubators. Kirkegaard 
and colleagues (2012a), working with a clinically 
heterogeneous patient group, also reported no 
statistically significant differences.  
 
However, additional information about embryo 
development only available by means of time 
lapse incubators may be used to eliminate 
embryos with low developmental capacity. Rubio 
et al., 2012 have shown that embryos with direct 
cleavage (<5 hours) from 2 to 3 cells have a 
very low implantation rate. In another study, no 
embryo with early pronuclei breakdown 
(<20.45hours) resulted in live birth (Azzarello et 
al., 2012).  
 
Furthermore, no significant differences were 
found regarding pregnancy and miscarriage 
rates between the two groups. However a recent 
retrospective report concluded that time-lapse 
incubators would increase clinical pregnancy 
rate by 9% (Meseguer et al., 2012). The 
difference in findings between the two studies 
could be accounted for by the fact that our study 
comprised young good prognosis patients who 
were candidates for eSET, whereas that of 
Meseguer et al., (2012) comprised a more 
heterogeneous group of patients from ten 
clinics, including donation and autologous cycles 
using fresh or vitrified oocytes and one to three 
embryos transferred either on day 3 or day 5.  
 
It is possible that patients other than those with 
good prognosis may benefit more from a 
continuous monitoring system which does not 
disrupt stable environmental conditions. Further 
studies are therefore needed to establish which 
patient group are most likely to benefit from time 
lapse incubators. 
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