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Abstract
Objective. Endometriosis patients who underwent IVF program has poorer embryo
quality, leads to low successive rate. In order to determine embryo quality, time
lapse embryo monitoring and pronuclear (PN) morphology assessment were used to
predict and select the most promising embryo. This research is expected to exhibit
comparison the use of both methods in endometriosis patients in order to implement
the most effective evaluation in future embryo implantation prognosis. Methods.
This cohort research was conducted to 72 embryos from 19 endometriosis patients
who underwent IVF program in Yasmin Reproductive Clinic, Cipto Mangunkusumo
Hospital. After ICSI was performed two-nucleated embryo later be monitored by its
cleavage time and would be classified into categories for good quality embryo and
other classes were considered poor quality embryo for time lapse monitoring. Then
from time lapse monitoring, PN morphology were assessed regarding pronuclear
scoring. Results. Based on 72 embryos observation, we found that there was no
significant difference between good and poor quality embryo based on PN scoring
with p = 0.185, and also between time-lapse morphokinetic monitoring and embryo
quality with p = 0.526. However, we found that there was a weak correlation between
PN scoring and embryo quality with p = 0.049 and r = 0.233. Conclusion. There was
no significant difference found between time lapse monitoring and PN scoring in
endometriosis patients in order to determine embryo quality. However, there was a
weak correlation between PN scoring and embryo quality. This might be due to small
number of samples taken and visual bias during observation.
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1. Introduction

About 50% of endometriosis patients have subfertility problem. The exact mechanism
between endometriosis and infertility are still not clear. And it’s still a controversy
whether endometriosis is really affecting fertility or just a coincidental finding [1].
Endometriosis is a condition which the appearance of endometrial-like tissue

(whether stroma or glandular tissue) which abnormally implanted outside uterine cav-
ity. Endometriotic tissue is able to response with hormonal cycle of normal menstrual
cycle. Microscopic internal bleeding along with inflammatory response, neovascular-
ization, and scar tissue formation contribute to clinical manifestations of endometriosis
patients [2]. Typical symptoms of endometriosis vary between menstrual pain (dys-
menorrheal), dyspareunia, dyskezia, chronic pelvic pain, and infertility [3].
The mechanisms of infertility in endometriosis patients may vary between folicullo-

genesis, ovulatory, and fertility disturbance, embryo development, and even with the
implantation of embryos [4]. To deal with infertility problem, endometriosis patients
may choose two of the following intervention, surgical intervention or assisted repro-
ductive technology (ART). In moderate to severe cases of endometriosis, in vitro fertil-
ization (IFV) may improve fecundity per cycle and give a better hope to deal with infer-
tility. However, a meta-analysis of observational studies showed that endometriosis
patients with infertility had lower chance of implantation and clinical pregnancy com-
pared to other conditions in IVF program [5].
Low successful rate of IVF program in endometriosis patients might be caused of

several factors including low oocytes quality and number, reduced number of embryos
attained, and poorer embryos quality [6]. To monitor embryos quality and develop-
ment, which contributing to success of IVF program, several methods could be used.
Those methods are static morphological assessment, preimplantation genetic diag-
nostic, transcryptomic, metabolomic and proteinomic, and simultaneous assessment
with microscope (time-lapse monitoring) [7].
Static morphological assessment such as pronuclear morphology assessment has

benefits of easier and cheaper to do. However, this method have some disadvantages
including limited embryos developmental monitoring and embryos displacement dur-
ing assessment itself might bring physical stress to the embryos [7, 8]. Assessment
with time-lapse monitoring allows us to monitor embryos morphologies simultane-
ously. Time-lapse monitoring assessment may identify early morphological marker
thus predicting of good quality embryos which affecting to success of embryos implan-
tation [9].
In this study, we compared conventional pronuclear morphology assessment and

morphokinetic assessment using time-lapse monitoring to predict embryos quality in
endometriosis patients. This study also evaluated whether conventional static mor-
phological assessment still could be used to predict embryos quality, considering that
time-lapse monitoring tools are still limited in Indonesia.
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2. Materials and Methods

This is an observational study with prospective cohort approach to assess conven-
tional pronuclear morphology and morphokinetic using time-lapse monitoring to pre-
dict embryos quality in endometriosis patients. Data was taken in sequential images
of time-lapse.
The study conducted in Yasmin IVF Clinic, Cipto Mangunkusumo National General

Hospital, Jakarta, Indonesia between January 2015 and January 2016. Target population
of this study was all patients with endometriosis who underwent IVF procedure in
Indonesia. Samples were taken from all endometriosis patients who underwent IVF
procedure in Yasmin Clinic, Cipto Mangunkusumo National Hospital. Samples collected
with consecutive sampling methods that fulfilled inclusions criteria and failed exclu-
sions criteria.
The inclusions criteria of this study consist of subjects willing to participate, patients

with unilateral or bilateral endometriosis who underwent surgery (proved by
histopathology of endometriosis). Exclusions criteria in this study were no mature
oocyte retrieved, delayed IVF procedure, and abnormality on sperm analysis.
Primary data was taken directly from every subject in the study. Every subject had

been informed about backgrounds, goals, risks and benefits of the study. Subjects who
agreed to be enrolled in the study were asked to sign the consent. This study has
been approved by ethic committee Medical Faculty University of Indonesia, Jakarta,
Indonesia.
Sample collection started with oocytes retrieval, embryos culture, and time-lapse

monitoring. We used appropriate medium for every stage of embryo development
(medium for gamete, fertilization, cleavage, and blastocytes (Origio, Denmark)). After
ICSI (intracytoplasmic sperm injection) only embryos with prominent pronuclear
included for the next step. Embryos attained were placed into separated wells des-
ignated inside the specified culture dish with digital inversion microscope (Primovi-
sion dish, Cryo-Innovation Ltd., Hungary). Then, the embryos would be placed inside
embryos incubator. Embryos monitoring was set to take picture every 20 minutes.
Fertilization as well as pronuclear morphology was assessed 16-19 hours after ICSI.
The next morphological assessment was conducted on second day (44-48 hours post
ICSI) or third day (64-72 hours post ICSI).
For morphokinetic monitoring using time-lapse technique, pictures sequences were

recorded digitally andwere analyzed by embryologists or competent doctors.Wemon-
itored time of cell cleavage. The first cell division into 2 cell was marked into t2. Second
division into 3 cell was marked into t3 and so on, third division (4 cell, t4), and fourth
division (5 cell, t5).
Duration of second cell cycle (cc2) was defined by the time of division from 2 blas-

tomere embryo into 3 blastomere embryo (cc2 = t3 - t2). Second synchrony (s2) was
defined by time of transition phase from 2 blastomere embryo into 4 blastomere
embryo (s2 = t4 - t3).
Embryos categorized were based on time-lapse monitoring with t5, s2, and cc2

parameters. These parameters were inputted into algorithm based on Meseguer et al.
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Figure 1: Flow chart of the study.

[10]. The classified embryos then converted into two subgroups, good or bad predictor
(categorical data).
For conventional pronuclear morphology assessment, we assessed pronuclear mor-

phology 17-19 hours post ICSI. Pronuclear morphology was classified into 3 scoring
based on Alpha Scientist in Reproductive Medicine and ESHRE Special Interest Group
Embryology consensus [11]. Score 1 would be converted into good predictor, while
score 2 or 3 would be converted into bad predictor (categorical data).
Next, embryos were evaluated in second or third day after ICSI. This evaluation

was to identify embryos quality as final evaluation of this study. Embryos quality was
assessed using static morphology with Veeck grading [12]. Veeck grading consists of
5 categories, the best category was scored with 1 and the worst was 5. For the study
purpose, category 1 and 2 would be classified into good quality embryos hence 3-5
would be classified into bad quality embryos (categorical data). Schematic view of
this study can be seen in Figure 1.
Data collected was analyzed using SPSS software for windows version 22. Data was

analyzed with Fisher-exact test (non-parametric) to assess distribution and compari-
son. To assess the correlation between each variable we used Spearman test.

3. Results

In this study, we collected 72 embryos from 19 endometriosis patients whom visited
Yasmin IVF Clinic, Cipto Mangunkusumo National General Hospital, Jakarta to get infer-
tility treatment benefited from IVF. Mean age of endometriosis patients was 35 years
old. From 72 embryos retrieved we assessed pronuclear scoring and morphokinetics
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Assessment Frequency [n] Percentage [%]
Pronuclear scoring [ALPHA and
ESHRE]
1 23 31.9
2 30 41.7
3 19 26.4
Morphokinetics scoring using
time-lapse [Meseguer]
A+ 3 4.2
A- 1 1.4
B+ 10 13.9
B- 1 1.4
C+ 12 16.7
C- 4 5.6
D+ 30 41.7
D- 11 15.3
Embryo quality [Veeck]
1 24 33.3
2 36 50.0
3 9 12.5
4 3 4.2
5 0 0
Total 72 100

T˔˕˟˘ 1: Distribution of embryo characteristics of endometriosis patients.

Assessment Embryo Quality p-value
Good Poor

Pronuclear
Good 21 2 0.185
Poor 39 10
Morphokinetics
Good 3 1 0.526
Poor 57 11

T˔˕˟˘ 2: Comparison of pronuclear scoring and morphokinetics assessment using time-lapse toward
embryo quality of endometriosis patients.

using time-lapse. At the end of observation, we assessed static embryos quality using
Veeck grading. Table 1 shows the characteristics of the embryos.
From Table 1 we found that most of the embryos had pronuclear scoring of 2, mor-

phokinetics using time-lapse of D+, and embryo quality of 2.
For further analysis we categorized pronuclear scoring, morphokinetics, and embryo

quality into good or poor quality. Embryo with pronuclear scoring 1 would be catego-
rized into good quality, hence the rest would be categorized into poor quality. A+ and A-
embryos from morphokinetic assessment would be categorized into good quality, the
rest (B+ to D-) would be categorized into poor quality. Embryo quality of Veeck grading
1 and 2 were considered good quality, thus the rest (grade 3,4,5) were considered poor
quality.
After data were classified, we compared pronuclear scoring and morphokinetic

assessment toward embryo quality, as seen on Table 2.
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Embryo Quality p-value r-score
1 2 3 4

Pronuclear
Scoring

0.049* 0.233

1 10 11 1 1
2 9 18 3 0
3 5 7 5 2
Total 24 36 9 3

T˔˕˟˘ 3: Correlation of pronuclear scoring with embryo quality of endometriosis patients.

Embryo Quality p-value r-score
1 2 3 4

Morphokinetics
Assessment

0.563 0.069

A+ 1 1 0 1
A- 0 1 0 0
B+ 6 3 1 0
B- 1 0 0 0
C+ 2 10 0 0
C- 1 1 2 0
D+ 9 14 6 1
D- 4 6 0 1
Total 24 36 9 3

T˔˕˟˘ 4: Correlation of morphokinetics assessment with embryo quality of endometriosis patients.

Based on Table 2, we conducted bivariate analysis to compare each assessment
toward embryo quality. There were some cells with expected count less than 5 so we
used Fisher-exact test to analyze. We found that every single assessments (pronuclear
or morphokinetics) had p-value of more than 0.05. So, there were no significant dif-
ference between pronuclear and morphokinetics assessment toward embryo quality
of endometriosis patients.
We conducted another analysis without categorizing pronuclear scoring and mor-

phokinetics assessment to correlate with embryo analysis. We used Spearman test to
analyze the correlation and we found that pronuclear scoring had significant correla-
tion with embryo quality with p-value of 0.049 and r-score 0.233. This result showed
that pronuclear scoring has weak correlation with embryo quality of endometriosis
patients. Details of the data can be seen on Table 3.
We also correlate morphokinetics assessment using time-lapse monitoring with

embryo quality. From Spearman test, we found that there was no correlation between
morphokinetics assessment and embryo quality with p-value of 0.22. Details of the
data can be seen on Table 4.
From the analysis above we found that neither pronuclear scoring nor morphoki-

netics assessment using time-lapse monitoring showed a good predictor for embryo
quality of endometriosis patients. However, there was a weak correlation between
pronuclear scoring and embryo quality of endometriosis patients.
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4. Discssions

The aim of this study was to compare conventional pronuclear assessment and
morphokinetics assessment using time-lapse monitoring toward embryos quality of
endometriosis patients whom underwent in vitro fertilization. Parameters assessed
were pronuclear scoring based on ALPHA and ESHRE consensus [11], morphokinet-
ics assessment using time-lapse monitoring based on optimal cleavage time from
Meseguer et al. [10], and embryo quality based on Veeck grading [12].
From this study, we found that there was a weak correlation between pronuclear

scoring and embryo quality of endometriosis patients (p = 0.049). This result was
similar to study conducted by Tesarik, Balaban, and Khalili. They stated that normality
of embryos during pronuclear stage were associated with further embryos develop-
ment [13–15]. Systematic review from Nicoli et al. also supported our result. There
were 15 from 25 studies (60%) showed that there was significant correlation between
pronuclear and embryo quality and cleavage. 15 from 20 studies (75%) also showed
its correlation to blastocyst formation and quality. [16]
PN scoring of 3 were considered abnormal due to lack of nucleolar precursor body

(NPB) or only have one NPB. Those embryos show inability to cleave on second or
third day. This result was similar to Svarcova et al., zygotes that had no NPB or one
NPB associated with epigenetic defect and abnormal embryo development in animal
model. [17]
Morphokinetics parameter using time-lapse monitoring may predict genetically

normal and viable embryos through cellular processes showed from cell cycles. [10]
Research conducted by Montag, who observed embryos development simultaneously
and compare with static morphology, showed different embryos morphologies on 2PN
stage (25-33%) and two-cells stage (42.4%). From this study can be inferred that static
embryo has limitation because every single embryo has different time to develop that
cannot be generalized. Hence, embryos monitoring using time-lapse were considered
the most objective assessment to choose good quality embryos [18].
Other studies also showed that t2 and t3 parameters on morphokinetics assess-

ment were used to evaluate embryos development. Those studies showed statistically
significant results toward embryos development, implantation, or both. [10, 19-25]
However, there was two studies that contradict the results of the other studies due to
lack of sample [26, 27].
Our results showed that there were no significant correlation between morphoki-

netics assessment using time-lapse and embryos quality of endometriosis patients
(p>0.05). This might be resulted due to limited number of samples that can be cor-
rected by adding more samples and lengthening the duration of samples collection.
Another factor that might contribute is the endometriosis itself leads to poorer oocytes
and embryos quality.
Folliculogenesis in endometriosis patients were considered defected that may imply

to poor quality oocytes. This is shown by lower granulosa cell percentage on G2/M
phases compared to other infertile conditions without ovarian lesion. Low percentage
of granulosa cell indicates abnormalities in molecules which regulate G2/M phases i.e.
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cyclin B, cdc2, cdc2s, Weel kinase, and MOS [28]. In endometriosis patients, there is
defect on signaling process to DNA synthesis, thus the cells are deviated from normal
cell cycle between S and G2/M phases, followed by cell apoptosis. Cell with S phase
shortening is more prone to incomplete replication resulting DNA abnormality. This cell
is incompetent to advance into blastocyst stage. In addition, it also delays G2 and M
phases [29].
Another weakness of this study is the probability of bias during observation. Our

time-lapse monitoring machines only capture image every 20 minutes. So, there was
a possibility of some phases that weren’t captured by camera. This factor should be
considered on the next study.

5. Conclusion

Based on those two assessments, neither pronuclear scoring nor morphokinetics
assessment using time-lapse monitoring could predict embryo quality of endometrio-
sis patients whom underwent in vitro fertilization. However, there was a weak cor-
relation between pronuclear scoring and embryo quality of endometriosis patients.
Morphokinetics assessment using time-lapse monitoring showed no correlation with
embryo quality of endometriosis patients.
From our results, pronuclear scoring may be used to predict embryos quality of

endometriosis patients in spite of its weak correlation. Considering the limitations,
conventional pronuclear scoring is still applicable compared to time-lapse monitoring
in endometriosis patients.
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