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Abstract

Introduction: Compaction is the first event in embryo morphogenesis. Blastocyst transfer on day five or six
has been widely performed in the last decade. We investigated the clinical value of early compaction on day
three for evaluation of the transferred embryo quality and pregnancy.

Methods: Four hundred patients with female factor infertility and 776 fresh embryo transfers were included.
Two groups were formed: Early compaction group had embryo transfer with at least one day-three embryo
exhibiting early compaction. Transferred embryos without early compaction comprised the control

group. Embryo transfer was performed on day three or five after the assessment of embryo compaction by a
time-lapse technology system. Each patient underwent only a single cycle of embryo transfer. We analyzed
fertilization, pregnancy, and live birth rates.

Results: We detected significantly higher numbers of the retrieved oocytes, metaphase II (MII) oocytes, and
fertilized oocytes in the early compaction group. Moreover, the transfer of the early compacting embryos on
day three resulted in higher pregnancy and live birth rates.

Conclusion: Our data suggest that early compaction might be a factor to determine good quality embryos
and embryo transfer day.

Categories: Obstetrics/Gynecology
Keywords: pregnancy, live birth, infertility, embryo transfer, early compaction

Introduction

The primary aim of assisted reproductive technology (ART) laboratories is the identification of the best
embryo with the highest implantation potential to achieve pregnancy. Transfer of a single high-quality
embryo prevents multiple pregnancy which is a common treatment-related adverse outcome of ART
associated with significant maternal, fetal and neonatal risks [1]. Embryo transfer is performed either at the
cleavage stage on days two to three after fertilization, or at the blastocyst stage on days five to six
depending on the stage of embryonic development [2]. Accurate selection of embryos for transfer requires
the implementation of a good embryo scoring system for obtaining successful ART outcomes [3]. Typically,
evaluation of a cleavage stage embryo includes the assessment of the fragmentation rate, irregularities in
blastomeres, multinucleation and the blastomere number [4]. Over the last decade, transferring blastocysts
on day five to six became routine in most ART centers, particularly in patients with good prognosis [3,5]. The
blastocyst scoring system introduced by Gardner and Schoolcraft in 1999 evaluates the degree of blastocyst
expansion, the morphological appearance of the inner cell mass (ICM) and the trophectoderm cells [6].

Compaction, the first event in embryo morphogenesis, usually takes place on day four after fertilization
when the embryo proceeds to the morula stage [7-9]. This process is characterized by cell flattening,
extensive intercellular connections and polarization to establish the trophectoderm, inner cell mass
lineages and the next stages of development [10]. Initiation of compaction is observed at or just after the
eight-cell stage in nearly 90% of the embryos analyzed, while the remaining embryos start compaction
before the eight-cell stage [11]. There is lack of data in the literature regarding the predictive value of early
compaction for embryo evaluation. Several studies propose compaction at day three as a parameter for a
good quality embryo [2,7,12]. Early completion of compaction and blastocyst formation are related to higher
embryo quality following blastocyst transfer [13,14]. On the other hand, previous research related
compaction before the eight-cell stage with aberrant embryonic development [11].
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The clinical introduction of the time-lapse technology (TLT) systems enabled ART centers to carefully
observe and evaluate the embryo morphology continuously in an uninterrupted culture environment [15].
This study aims to investigate the effects of early embryonic compaction on day three on the rates of
pregnancy and live birth retrospectively. Here, the embryo transfer was performed on day three or five
following the assessment of embryo compaction by a TLT system, and the pregnancy outcomes were
evaluated.

Materials And Methods

Patients and study design

The data of 400 patients who underwent intracytoplasmic sperm injection (ICSI) in Altunizade Acibadem IVF
center between 01.03.2012 and 01.03.2019 were retrospectively analyzed. The ethics board of Maltepe
University, Istanbul approved this study (issue number 2019/07-12). Four hundred patients with female
factor infertility and 776 fresh embryo transfers were included in the study. A maximum of two compact
embryos were transferred. Each patient underwent only a single cycle of embryo transfer. The exclusion
criteria were (i) age over 40 years (ii) less than three oocytes retrieved (iii) body mass index (BMI) over 37
kg/m2 and (iv) presence of ovarian hyperstimulation syndrome during gonadotropin hormone-releasing
hormone (GnRH) antagonist protocol.

Ovarian stimulation and ICSI

Follicular development was achieved by applying the GnRH antagonist protocol for controlled ovarian
stimulation on the third day of the menstrual cycle. Recombinant follicle-stimulating hormone (FSH)
(Gonal-F, follitropin alpha, 900IU/1.5 ml; Merck Serono, Lyon, France) or follitropin beta (Puregon,
833IU/ml; MSD, Miinchen, Germany) and GnRH antagonist Cetrotide (260-270 mcg cetrorelix acetate;
Merck) were used. Monitoring by ultrasound was performed. When the follicles reached around 18-20mm in
diameter, recombinant human chorionic gonadotropin (hCG) (Ovitrelle 250mg/0.5ml choriogonadotropin-
alpha; Merck Serono, Rome, Italy) was administered. Ovum pick-up (OPU) was performed with transvaginal
USG after 34-36 hours. Retrivied oocytes were transferred to medium (G-Mops Plus; Vitrolife, Véstra
Frolunda, Sweden). Semen sample was prepared by density gradient method to be used in ICSI procedure.
ICSI method was applied to appropriate denudated oocytes (MII oocytes). Fertilization control was
performed 16-18 hours after the microinjection procedure. All embryos were monitored by a time-lapse
system for five days (EmbryoScope™ Time-lapse System; Unisense FertiliTech, Aarhus, Denmark) Embryo
scoring was performed on days three and five. Embryos that displayed compaction on day three were called
early compaction embryos.

Patients who met the inclusion criteria were divided into two groups depending on the embryo compaction
status on day three. Early compaction group had embryo transfer with at least one day-three embryo
exhibiting early compaction. Transferred embryos without early compaction consisted of the control

group. Embryo transfers were performed on day three or five depending on the number and quality of the
embryos. Maternal serum beta-hCG (B-hCG) levels were measured 10-12 days after embryo transfer to
detect pregnancy. Pregnancy was defined as serum B-hCG levels >10 mIU/ml. Live birth was defined as at
least one infant born after 24 weeks of gestation and surviving for one month. Age, BMI, causes of infertility,
number of retrieved oocytes, MII oocytes, fertilized oocytes per cycle and number of cycles, pregnancy and
live birth rates for early compaction and control groups were compared.

Statistical analysis

The statistical analysis was performed using SPSS software version 22.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistical methods (mean, standard deviation, frequency, ratio, median, minimum, maximum,
percentage) were used to examine the data. Kolmogorov-Smirnov test was performed for assessment of
normality. Quantitative data such as age, BMI, number of retrieved oocytes, number of MII oocytes,
fertilized oocytes per cycle and number of cycles were compared using the Mann-Whitney U test. Pearson
Chi-Square test was used to compare qualitative data such as causes of infertility, pregnancy and live birth
rates. Statistical significance was defined as a p-value of less than 0.05.

Results

Four hundred patients in the study were divided into two groups according to the embryo compaction status
on day three. Early compaction group had embryo transfer with at least one day-three embryo exhibiting
early compaction and corresponded to nearly 50% of all patients and embryo transfers. Transferred embryos
without early compaction were evaluated in the control group. The number of patients and embryos
depending on the compaction status and transfer day are depicted in Table 1. A total of 776 embryo transfers
on days three or five with a maximum of two compact embryos were performed. The patients underwent a
single cycle of embryo transfer and therefore only outcome after a single transfer in each patient was
included. Three hundred eighty-nine transfers constituted the early compaction group. Non-early
compaction group (control group) contained 387 embryos with compaction on day four after fertilization.
The embryos with delayed compaction at day five or later were discarded.
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Day 3 transfers (n,%)

Day 5 transfers (n,%)

TABLE 1: The number of patients and embryos depending on the compaction status and transfer

day.

Early compaction group
Control group

Total

Early compaction group
Control group

Total

Total numbers of retrieved oocytes, MII oocytes and fertilized oocytes per cycle were 4422, 3294 and 2565,
respectively. The age (32.25+4.58 vs. 31.93+4.34) and BMI (23.41%3.94 vs. 23.54+4.02) of patients and

No. of patients (n:400, %)
95 (%23.8)

95 (%23.8)

190 (%47.6)

105 (%26.2)

105 (%26.2)

210 (%52.4)

No. of embryos transferred (n:776, %)

186 (%24.0)
189 (%24.4)
375 (%48.4)
203 (%26.1)
198 (%25.5)

401 (%51.6)

number of cycles (1.68+1.24 vs. 1.71+1.68) were statistically similar between the control and early

compaction groups (Table 2). We detected significantly higher numbers of the retrieved oocytes (11.53+5.01
vs. 10.59+4.44) MII oocytes (8.81+3.74 vs. 7.67+3.33) and fertilized oocytes per cycle (7.00£3.51 vs. 5.81+2.88)

in early compaction group in comparison to the control group.

Age (years)

BMI (kg/m?)

Number of retrieved oocytes

M Il oocytes per cycle

Fertilized oocytes per cycle

Number of cycles

Early compaction group
Control group
Early compaction group
Control group
Early compaction group
Control group
Early compaction group
Control group
Early compaction group
Control group
Early compaction group

Control group

Min.-Max (Median)
20-39 (32)

18-39 (33)
17.30-36.29 (22.62)
15.57-34.29 (22.54)
4-40 (12)

4-25 (10)

2-19 (9)

2-20 (7)

1-18 (7)

1-17 (5)

Meanx SD

31.93+4.34

32.25+4.58

23.54+4.02

23.41+3.94

11.563+5.01

10.59+4.44

8.81+3.74

7.67+3.33

7.00+3.51

5.81+2.88

1.71£1.68

1.68+1.24

0.474

0.855

0.036*

0.01*

0.00035*

0.601

TABLE 2: Clinical characteristics of control and early compaction groups. Age, BMI, number of

retrieved oocytes, number of MIl oocytes, fertilized oocytes per cycle and number of cycles were

compared for significance using the Mann-Whitney U test.

MIl: metaphase Il
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Clinical indications for ICSI treatment included unexplained infertility (nearly 50% of patients in both
groups), endometriosis, tubal factor infertility, polycystic ovaries, diminished ovarian reserve, anovulation
and multifactorial female infertility. Early compaction and control groups were statistically similar with
respect to the cause of infertility (Table 53).
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Early Compaction Group (n=200) Control Group (n=200) P
Unexplained 94 (%A4T) 105 (%52.5)
Endometriosis 31 (%15.5) 28 (%14)
Tubal Factor 33 (%16.5) 25 (%12.5)
Polycystic Ovaries 21 (%10.5) 15 (%7.5) 0.380
Diminished Ovarian Reserve 11 (%5.5) 16 (%8)
Anovulation 4 (%2) 2 (%1)
Multifactorial Female Infertility 6 (%3) 9 (%4.5)

TABLE 3: Causes of infertility in control and early compaction groups. Pearson's Chi-squared test
was used to analyze the differences for significance.

We analyzed the relationship between early compaction and pregnancy depending on the day of the embryo
transfer (Table 4). Transfer of at least one embryo exhibiting early compaction on day three resulted in a
higher pregnancy rate in comparison to the control group (68.8% vs. 58.7%). On the other hand, no
significant difference was observed for pregnancy rate when the embryo transfer was performed on day five
(79.3% in control group vs. 77.3% in early compaction group). Similarly, both groups had statistically similar
pregnancy rates when the overall embryo transfer was considered (69.3% in control group vs. 73.3% in early
compaction group).

Early compaction group Control group P
Positive BhCG following 3. day embryo transfer (n, %) 128 (%68.8) 111 (%58.7) 0.042*
Positive BhCG following 5. day embryo transfer (n, %) 157 (%77.3) 157 (%79.3) 0.635
Positive BhCG (n, %) 285 (%73.3) 268 (%69.3) 0.217

TABLE 4: Pregnancy rates of the patients depending on the compaction status and transfer day
of the embryo (positive BhCG meaning serum BhCG210 mlU/ml). Pearson's Chi-squared test was
used to analyze the differences for significance.

BhCG: beta human chorionic gonadotropin

Finally, we evaluated the effect of early compaction on pregnancy outcome with respect to the embryo
transfer day (Table 5). We demonstrated significantly higher live birth rate in early compaction group when
compared to the control group following embryo transfer on day three (30.6% vs. 20.6%). Day five transfers
resulted in statistically similar live birth rates (23.7% in control group vs. 30% in early compaction group).
Overall live birth rate including transfers on both days was observed significantly higher in early compaction
group compared to the control group (30.3% vs. 22.2%, respectively).

Early compaction group Control group p
Live birth following 3. day embryo transfer (n, %) 57 (out of 186) (%30.6) 39 (of 189) (%20.6) 0.026*
Live birth following 5. day embryo transfer (n, %) 61 (out of 203) (%30.0) 47 (of 198) (%23.7) 0.154
Live birth (n, %) 118 (out of 389) (%30.3) 86 (of 387) (%22.2) 0.01*

TABLE 5: Live birth rates of the patients depending on the compaction status and transfer day of
the embryo. Pearson's Chi-squared test was used to analyze the differences for significance.
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Discussion

Over the last decade, most ART centers prefer blastocyst-stage transfer approach on days five or six rather
than cleavage-embryo transfer on days two or three [3,5]. Transferring the embryo at the blastocyst stage is
thought to provide a more analogous timing of exposure to the uterine environment. Moreover, genomic
activation on day three allows self-selection hence enabling identification of the embryos with the highest
implantation potential [16,9]. On the other hand, extending the duration of culture in vitro may result in
exposure to constant stress and suboptimal culture conditions can force the embryo to undergo adaptations
[17]. The clinical and laboratory procedures related to the culture to the blastocyst stage are also associated
with higher costs and higher degree of discomfort to the patient and to the laboratory staff [18]. Much
published data reported better clinical outcomes following blastocyst transfer than cleavage-stage embryo
transfer. Several meta-analysis conducted in the recent years demonstrated significantly improved clinical
pregnancy and live birth rates after fresh IVF/ICSI transfer with blastocyst compared to cleavage-stage
embryos [19,20]. Conversely, another meta-analysis reported no significant differences when the clinical
outcomes such as live birth/ongoing pregnancy, clinical pregnancy, miscarriage or cumulative pregnancy
were compared, though the quality of the evidence was low in this study [16]. Interestingly, two other meta-
analysis identified a higher risk of preterm birth in IVF singleton pregnancies following blastocyst versus
cleavage-stage embryo transfer [21,22]. Similarly, several other studies related fresh blastocyst transfer to
higher risk of placental and perinatal complications [23-25]. However, a recent retrospective analysis of
67,147 IVF/ICSI cycles found no increase in risks of preterm birth after fresh blastocyst transfer.
Furthermore, the babies have similar chances of being healthy after blastocyst and cleavage-stage embryo
transfer [26]. Due to the aforementioned reasons, many centers hesitate to apply a general policy for all
patients.

Morula, and the associated process of compaction has received little attention compared to other stages of
preimplantation development. Day-four embryos are in the process of, and have often completed, the
transition from the cleavage stages to the compacted morula stage [9]. Several studies analyzed the
initiation of compaction in human embryos in vitro. Embryos that initiated compaction before the eight-cell
stage were associated with cytokinetic failure and aberrant embryonic development [11]. Morulas with
delayed and/or incomplete compaction were reported to develop less frequently into morphologically
optimal blastocysts [27]. A recent retrospective study examining 2,059 morula stage embryos reported
pronounced developmental delay at post-compaction stages associated with partial compaction, affecting
blastocyst implantation and live birth rates [28].

TLT enables the embryologists to evaluate embryo development dynamically in an uninterrupted culture
environment. Embryos are expected to reach certain developmental stages at specific time intervals. The
embryos developing into compacted morulae within 94.9 hours and forming regular blastocysts within 113.9
hours exhibited higher pregnancy rates following ICSI [13]. Embryos that completed the first division within
25.90 hours, the second division within 37.88 hours and compaction within 79.93 hours before reaching the
blastocyst stage were reported to have a higher implantation potential [14].

We examined a total of 776 embryo transfers, where the early compaction group had at least one day-three
embryo exhibiting early compaction and control group with compaction on day four, in the current study.
The patients exhibited similar age, BMI, cycle number and clinical indications for ICSI treatment. We
observed significantly higher numbers of the retrieved oocytes, MII oocytes and fertilized oocytes per cycle
in early compaction group in comparison to the control group. Importantly, we obtained higher pregnancy
and live birth rates following embryo transfer on day three in early compaction group. However clinical
outcomes after transfer on day five were similar between the two groups. Because of the prominent
difference in live birth rates after embryo transfer on day three, the overall live birth rates were also higher
in early compaction group in comparison to the control group. Early compaction at day three is suggested as
a valuable tool in selection of a good quality embryo [2,7,12]. However, the aforementioned studies
examined the pregnancy and/or implantation rates as an outcome following the embryo transfer only on day
three. In the present study, we demonstrated the relationship between the early compaction and live birth
rates in addition to the pregnancy rates. Moreover, the embryo transfers both on days three and five were
included in the present analysis after the assessment of embryo compaction by a TLT system.

Conclusions

Early compaction may be an additional parameter assisting the embryologists to determine both the good
quality embryos and the embryo transfer day. Our data suggests the transfer of the early compacting
embryos on day three to obtain higher pregnancy and live birth rates. Future prospective, randomized
controlled studies on embryo transfers are required to further enlighten the relation of early compaction to
the pregnancy outcome depending on the transfer day.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. T.C. Maltepe Universitesi
Etik Kurulu issued approval 2019/07-12. The data of four hundred patients who underwent ICSI in Altunizade
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Acibadem IVF center between 01.03.2012 and 01.03.2019 were retrospectively analyzed. The ethics board of
Maltepe University, Istanbul approved this study (issue number 2019/07-12). Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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