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Association of early cleavage, 
morula compaction and blastocysts 
ploidy of IVF embryos cultured 
in a time‑lapse system and biopsied 
for genetic test for aneuploidy
H. De Martin 1,2*, T. C. S. Bonetti 1,3, C. A. Z. Nissel 1,2, A. P. Gomes 1, M. G. Fujii 1 & 
P. A. A. Monteleone 1,2

IVF embryos have historically been evaluated by morphological characteristics. The time‑lapse 
system (TLS) has become a promising tool, providing an uninterrupted evaluation of morphological 
and dynamic parameters of embryo development. Furthermore, TLS sheds light on unknown 
phenomena such as direct cleavage and incomplete morula compaction. We retrospectively analyzed 
the morphology (Gardner Score) and morphokinetics (KIDScore) of 835 blastocysts grown in a TLS 
incubator (Embryoscope+), which were biopsied for preimplantation genetic testing for aneuploidy 
(PGT‑A). Only the embryos that reached the blastocyst stage were included in this study and time‑
lapse videos were retrospectively reanalysed. According to the pattern of initial cleavages and morula 
compaction, the embryos were classified as: normal (NC) or abnormal (AC) cleavage, and fully (FCM) 
or partially compacted (PCM) morulae. No difference was found in early cleavage types or morula 
compaction patterns between female age groups (< 38, 38–40 and > 40 yo). Most of NC embryos 
resulted in FCM (≅ 60%), while no embryos with AC resulted in FCM. Aneuploidy rate of AC‑PCM 
group did not differ from that of NC‑FCM group in women < 38 yo, but aneuploidy was significantly 
higher in AC‑PCM compared to NC‑FCM of women > 40 yo. However, the quality of embryos was 
lower in AC‑PCM blastocysts in women of all age ranges. Morphological and morphokinetic scores 
declined with increasing age, in the NC‑PCM and AC‑PCM groups, compared to the NC‑FCM. Similar 
aneuploidy rates among NC‑FCM and AC‑PCM groups support the hypothesis that PCM in anomalous‑
cleaved embryos can represent a potential correction mechanism, even though lower morphological/
morphokinetic scores are seen on AC‑PCM. Therefore, both morphological and morphokinetic 
assessment should consider these embryonic development phenomena.

In IVF laboratories worldwide, embryos are mostly selected for transfer primarily based on their development 
rate and morphological characteristics. However, embryo viability is only weakly correlated with its micro-
scopic  appearance1,2. Furthermore, aneuploidies affect more than 50% of human IVF embryos, and the extent 
to which morphology is affected by aneuploidy remains  unclear3–6. The use of preimplantation genetic testing 
for aneuploidy (PGT-A) prior to single embryo transfers has become a common clinical practice with the aim 
of trying to improve live birth rates per transfer and reducing  miscarriages7–9. However, PGT-A is an invasive 
and labour-intensive technique that adds a significant cost to the IVF  cycle10–12. Still, the transfer of euploid 
embryos is not cost-effective for most patients, except for advanced maternal age, recurrent miscarriages, and 
recurrent implantation  failures13,14.
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In recent years, the time-lapse system (TLS) has become a promising tool for improving embryo selection 
and providing an uninterrupted evaluation of morphological and dynamic  parameters15–17. This innovative tech-
nology has revolutionized observation of embryo development, thus offering a more accurate quantification of 
cellular kinetics and cell cycle events than static morphological  assessments18. In addition to accurate recording 
of well-known events, such as the first cleavage, it also sheds light on previously unknown phenomena, such as 
multipolar  mitosis19–23. Using TLS technology, specific dysmorphisms such as multinucleation, direct uneven 
cleavage, reverse cleavage, and irregular chaotic division in human preimplantation embryos can be evaluated 
in more  detail10,24–26.

The most common form of abnormal cleavage is Direct Uneven Cleavage (DUC), also known as tripolar 
mitosis, wherein a single blastomere splits directly from one cell to three or more  cells10,25,27–29. The first studies 
analyzing TLS data described DUC as an indicator of poor  prognosis28,30. When DUC occurs, the earlier the 
occurrence of it, the greater the damage to the embryo. If DUC occurs in the first mitotic division (DUC 1–3), it 
generates blastomeres with genomic  loss23,29, and all blastomeres are affected. The embryo will likely not advance 
beyond the morula stage. However, when the first cleavage is normal and DUC occurs during the second mitotic 
division (DUC 2–5), affected blastomeres are formed; however, there are still unaffected blastomeres resulting 
from the first cleavage. Generally, affected blastomeres undergo developmental arrest and unaffected blastomeres 
can continue their development, giving rise to a morula and later to a  blastocyst22,23,31. Another early cleavage 
anomaly is the precocious or Rapid Cleavage (RC), where the first mitotic division is followed by another mitotic 
division in less than 5 h in one of the blastomeres. This fast process does not allow enough time for chromosomal 
duplication and results in one normal blastomere and two blastomeres with altered genetic content. These two 
types of anomalous cleavage affect the chromosomal distribution in blastomeres and consequently their devel-
opmental  potential31.

Another two points of interest are embryo compaction and morula formation. Those are complex processes 
occurring immediately before blastocyst formation when the embryo becomes capable of implantation, which 
has long been neglected. With the advent of the TLS, dynamic observation of these processes has become 
 possible3,32–34. More recent studies showed the phenomenon of partially compacted morula (PCM), which is 
defined as those showing cells excluded from the compaction process from the outset or extruded from an 
already-compacted  morula35–37.

TLS has been available for over 10 years and widely used in IVF clinics. In the current study, we have used this 
tool for complementary analysis of the embryos, other than those regularly performed by the machine. According 
to our observations of morphological and morphokinetic parameters generated by TLS, and in accordance with 
published recent literature, abnormalities observed in the first mitotic divisions of the embryo are associated with 
patterns of embryonic compaction and morula formation. Moreover, although these disorders results in worse 
morphological and morphokinetic scores of the generated blastocyst, they may not influence the ploidy of this 
blastocyst. To study this hypothesis, we reviewed TLS videos of blastocysts biopsied for PGT-A and analyzed 
the association between early cleavage anomalies, compaction disorders during morula formation, and genetic 
outcomes of the respective formed blastocysts.

Results
This study evaluated 835 embryos from 195 ICSI cycles (189 patients) that reached the blastocyst stage and 
were biopsied for PGT-A. The female age ranged from 25 to 47 years (38.2 ± 3.5). Analyses on early cleavage and 
morula compaction patterns were performed for all embryos and stratified according to maternal age into < 38 
(n = 314), 38–40 (n = 323), and > 40 (n = 198).

The most displayed condition regarding the early cleavages and morula compaction, were normal cleavage 
(NC) (1–2–4; n = 697, 83%), and full compacted morula (FCM) (n = 516, 62%), respectively. Table 1 shows the 
complete description of each subgroup according to early cleavage and compaction process, for the total of 
embryos and according to female age. No differences were observed in the frequencies of early cleavage and 
compaction stage alterations according to female age subgroups.

Due to the absence of substantial differences between RC and DUC-2 according to female age, they were 
grouped and called anomalous cleavage (AC). Additionally, the Exc-PCM and Ext-PCM subgroups were merged 

Table 1.  Embryo classification based on early cleavage (A) and compaction at the morula stage (B), according 
to female age subgroups.

< 38 years old 38–40 years old > 40 years old Total P

A: classification of zygote initial cleavage

 Normal Cleavage (NC; 1–2-4) 262 (83%) 263 (81%) 172 (87%) 697 (83%)

0.298
 Rapid Cleavage (RC; 1–2-3) 29 (9%) 27 (8%) 10 (5%) 66 (8%)

 Direct Uneven Cleavage (DUC-2; 1–2-5) 23 (7%) 33 (10%) 16 (8%) 72 (9%)

 Total 314 323 198 835

B: patterns of compaction at the morula stage

 Fully compacted morula (FCM) 204 (65%) 200 (62%) 112 (57%) 516 (62%)

0.144
 Partial compacted morula with excluded cells (Exc-PCM) 76 (24%) 79 (24%) 49 (25%) 204 (24%)

 Partially compacted morula with extruded cells (Ext-PCM) 34 (11%) 44 (14%) 37 (19%) 115 (14%)

 Total 314 323 198 835



3

Vol.:(0123456789)

Scientific Reports |          (2024) 14:739  | https://doi.org/10.1038/s41598-023-51087-z

www.nature.com/scientificreports/

into a single PCM subgroup, due to the same reason. Then, the embryos were split into four groups according to 
the initial cleavage pattern (NC or AC) and morula compaction (FCM or PCM) as follows: (i) normal cleavage 
and fully compacted morulae (NC-FCM); (ii) anomalous cleavage and fully compacted morulae (AC-FCM); 
(iii) normal cleavage and partially compacted morulae (NC-PCM); and (iv) anomalous cleavage and partially 
compacted morulae (AC-PCM). Figure 1 shows the distribution of embryos in those four groups according to 
the female age groups. It is important to note that most embryos with NC resulted in FCM, while no embryos 
with AC resulted in FCM. There are no differences among the percentages of embryos in each group according 
to the female age groups.

Genetic outcomes
All embryos included in the study underwent biopsy and PGT-A analyses. The aneuploidy rates were evaluated in 
the three groups of embryos: NC-FCM, NC-PCM, and AC-PCM, as shown in Fig. 2. For women between 38 and 
40 years old, the aneuploidy rates were a little higher than < 38 years old and even higher for women > 40 years 
old, as expected. It is worth mentioning that the embryos of young women (< 38 and 38–40-year-old group) had 
similar aneuploidy rates for the NC-FCM and AC-PCM embryos. This finding is in agreement with a possible 
embryo correction mechanism when an error occurs in the first or second mitotic division. On the other hand, 
it is interesting to note that a high aneuploidy rate was observed for embryos who had normal cleavage but a 
partially compacted morula (NC-PCM), despite we had observed a statistically significant difference only in 
women < 38, but not in 38–40-year-old old group.

For women > 40 years old, normally cleaved embryos with a fully compacted morula (NC-FCM) showed 
lower aneuploidy rates, close to those observed in embryos from women aged 38–40 years. However, the ane-
uploidy rate was higher in NC-PCM and AC-PCM embryos, suggesting that the previously mentioned putative 
correction mechanism was not efficient for older women.

Embryo quality
Embryos were evaluated for both morphology and morphokinetics. Regarding morphological parameters, the 
embryos were classified as top quality (TQ) based on size (grade > 3), ICM, and TE (grades A or B) observed 
at the blastocyst stage. Morphokinetics were scored using the Embryoscope scoring system, called KIDScore, 
which is a dynamic embryo assessment based on the time needed to reach each stage of development. Figure 3A 
shows the percentages of embryos classified as TQ and Fig. 3B shows the average embryo KIDScore in the three 
groups and according to female age groups. Considering the NC-FCM as the standard group, with no alteration 
in the early cleavage or compaction process, the percentage of TQ embryos significantly decreased in embryos of 
NC-PCM and further decreased in AC-PCM for all women ages. The morphokinetic score (KIDScore) averages 
followed the same pattern as the morphology assessment, however only women > 40 years old had a statistical 
significance in KIDscore evaluation.

Figure 1.  Percentage of embryos according to subgroups of initial zygote cleavage and morula compaction 
(NC-FCM, NC-PCM, AC-PCM, and AC-PCM), and stratified by female age. Qui-square test. p = 0.500. 
NC-FCM normal cleavage and fully compacted morula, AC-FCM abnormal cleavage and fully compacted 
morula, NC-PCM normal cleavage and partially compacted morula, AC-PCM abnormal cleavage and partially 
compacted morula.
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Discussion
Since the introduction of ovarian stimulation in the early days of IVF, embryo selection has become a crucial 
task owing to the large number of embryos generated. Consequently, some selection criteria were adopted to 
discriminate embryos with the highest implantation potential and, ultimately, to improve the probability of preg-
nancy and live  birth38,39. A step forward in the predictors of embryo developmental competence, TLS allows non-
invasive visualization of time points and aspects of embryonic morphokinetics. Based on these morphokinetic 
parameters, several embryo selection models have been  developed17,19,40–43, but despite the staggering amount 
of data generated, its ability to improve ICSI/IVF outcomes has yielded inconclusive  results44–47. On the other 
hand, TLS allows us to observe a series of patterns that were not possible through daily observations. In our 
study, we analyzed anomalies during early cleavages which can be tracked with the TLS, such as direct cleavage 
and precocious cleavage. Then, we evaluated how these mitotic anomalies relate to the PCM phenomenon (non-
compacted morulae), another condition only possibly observed when embryos are cultured in TLS. Finally, the 
association of those phenomena with the genetic status of embryos were analysed.

Our data shows that less than 20% of the embryos showed anomalous early cleavage, DUC-2 or RC. However, 
it is important to consider that, in our study, we only analyzed embryos that reached the blastocyst stage and 
were biopsied. Thus, several embryos that did not reach the blastocyst stage may have suffered anomalous early 
cleavage and were therefore not considered here. If the total cohort of zygotes had been analyzed, the proportion 
of embryos with anomalous early cleavage would likely have been higher.

Moreover, we observed an overall incidence of 38% of PCM among the blastocysts analyzed, slightly lower 
than previous studies in the literature, such as 55.9% reported by Lagalla et al.37. When the subgroups were 
established based on early cleavage and morula compaction (NC-FCM, AC-FCM, NC-PCM, and AC-PCM), all 
embryos presenting AC, gave rise to a morula with PCM. Moreover, when the aneuploidy rates were compared, 
we detected that they were similar between the NC-FCM and AC-PCM embryos, at least for women until 40 years 
old. That is, embryos that had anomalous early cleavage, but excluded or extruded cells during compaction, pos-
sibly underwent a “correction mechanism” and thereby eliminated affected blastomeres, which resulted in the 
same rate of aneuploidy as NC-FCM. This fact supports the hypothesis that PCM is a self-correcting mechanism 
in embryos that undergo anomalous early cleavage, corroborating other author’s  findings35–37. However, we can’t 
exclude the possibility that embryos with abnormal initial cleavages didn’t reach the blastocyst stage and weren’t 
included in this study, since we only evaluated embryos that reached the blastocyst stage and were biopsied.

On the other hand, we observed a subgroup of embryos that did not present visible anomalies at time-lapse 
but presented a partially compacted morula (NC-PCM). Interestingly, this subgroup showed a significantly higher 
aneuploidy, mainly in women younger than 38 years. It is possible that this kind of embryo suffered errors in the 
chromosome segregation process which are not likely to be observed with the time-lapse system  visually48–51.

Actually, aneuploidy is a common event in human embryos, whether of meiotic or mitotic  origin52. Meiotic 
aneuploidy arises mainly from the egg and increases dramatically with maternal  age53. Mitotic aneuploidy often 
arises during the first cleavage of the embryo, regardless of maternal  age48,54,55, as we also observed in our data. 
Then, the higher prevalence of mitotic errors in older women is justified by the increasing rates of meiotic origin 

Figure 2.  Aneuploidy rates of embryos classified according to subgroups of initial zygote cleavage and morula 
compaction (NC-FCM, NC-PCM, and AC-PCM), and stratified into female age groups. NC-FCM normal 
cleavage and fully compacted morula, NC-PCM normal cleavage and partially compacted morula, AC-PCM 
abnormal cleavage and partially compacted morula. Qui-square test: *p < 0.001; **p < 0.001; ***p = 0.017.
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aneuploidy, independently of the presence of mitotic aneuploidy. It is also known that oocytes from older women 
are less  competent53, explaining the poorer performance of the correction mechanism.

One detail that deserves our attention is that, despite having similar aneuploidy rates, embryos with AC and/
or PCM had morphological grades and KIDScores significantly lower than those of NC-FCM group. A possible 
explanation for the decrease in morphokinetic and morphological scores is probably the longer development time 
and poor morphology of these embryos, due to truncated cell divisions and cell exclusion/extrusion processes.

It is known that disturbances in the initial cleavage and compaction processes result in blastomeres asym-
metry during embryonic development, which in turn leads to poorer morphological classification. In addition, 
embryos that show early cleavage anomalies and are supposed to undergo correction mechanisms and may take 
longer to reach the blastocyst stage. Since the morphokinetic score is mainly based on the times to reach each 
developmental stage during embryo development, these processes may delay the estimated times, which justifies 
the differences found regarding the morphokinetic scores in the current study.

In our study, we evaluated only embryos that reached the blastocyst stage with enough quality to be biopsied. 
This is a limitation as the association between anomalies in the first and second mitotic cleavages and embry-
onic development arrest could not be evaluated. Another possible limitation is the pooling of different cleavage 
patterns, which did not allow us to evaluate the cleavage pattern with the efficacy of the supposed correction 
mechanism in the PCM. However, the study aimed to evaluate the mitotic errors in general, which occur during 
early cleavage and possibly to be observed in a TLS review. The design of this study allows us to observe the cor-
relations proposed, assuming its weakness. Moreover, the early cleavage anomalies among embryos that reach 
the blastocyst stage are not common (less than 20% of embryos included in this study) and the subgroup could 
result in weak statistical analysis. Still, we can consider a weakness of this study, the fact that the observations of 

Figure 3.  (A) Morphological evaluation represented by the top-quality blastocyst rates. (B) Morphokinetics 
evaluation represented by the means of KIDScore and 95% confidence interval. Results were presented 
according to subgroups of initial zygote cleavage and morula compaction (NC-FCM, NC-PCM, and AC-PCM), 
and stratified into female age groups. NC-FCM normal cleavage and fully compacted morula, NC-PCM normal 
cleavage and partially compacted morula, AC-PCM abnormal cleavage and partially compacted morula.
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the initial mitosis errors were visually evaluated by an embryologist, and subject to observation biases. However, 
all videos were double-checked by the same senior embryologist in order to minimize classification bias (HM).

The similar aneuploidy rates between the NC-FCM and AC-PCM groups suggest that anomalous cleavage in 
the first mitotic divisions may give rise to nullisomic blastomeres that do not participate in the morula compac-
tion process and are “eliminated”, not influencing blastocyst  euploidy31. However, these blastomeres removed 
from the compaction process confer an inferior morphological appearance and hinder the morphokinetic assess-
ment of the blastocyst that contains them. Therefore, both morphological and morphokinetic assessment should 
take these embryonic development phenomena into account.

We analyzed live birth rates considering the transfer of a single embryo or transfers of double embryos in 
which both embryos were in the same classification and/or had the same outcome (implanted or not). Among 
the data included in this study, we identified 161 euploid embryos transferred in 137 transferred cycles. Live birth 
rates were compared for NC-FCM 37.4% (n = 115), NC-PCM 30.4% (n = 23) and AC-PCM 34.8% (n = 23) and 
no statistically significant difference was observed. However, it is important to note that the number of embryos 
transferred that were classified as NC-FCM was much higher than the other groups, as embryos without abnor-
mal cleavage disorders or morula compaction receive better morphological or morphokinetic classifications, 
and are primarily selected for transfers, despite all being euploid.

In summary, IVF embryos have been analyzed through the morphology of cleavage-stage embryos and blas-
tocysts, while morula has received little attention. The findings of this study can contribute to selecting embryos 
for biopsy or transfer, even when an abnormal cleavage is observed, but possibly corrected by PCM.

Methods
This is a retrospective cohort study based on a databank of anonymized data regarding embryos generated by 
In Vitro Fertilization (IVF) and cultures in a time-lapse system. All data included in this study refer to couples 
who underwent IVF cycles with freeze-only embryos, performed as part of routine care in a single assisted 
reproductive center. All data included referred to cycles with ovarian stimulation and oocyte retrieval, oocyte fer-
tilization using ICSI, embryo culture in a time-lapse system, and blastocyst biopsy for PGT-A. Written informed 
consent was obtained from all patients before treatment, consenting for clinical and laboratory procedures, 
embryo biopsy, PGT-A analysis, and the anonymous use of clinical data for research purposes. The project was 
evaluated and discussed by the internal scientific committee of the Monteleone Assisted Reproduction Center, 
São Paulo—Brazil. According to Brazilian General Law of Data Protection (Lei nº 13.709, de 14 de agosto de 
2018—https:// www. in. gov. br/ mater ia/-/ asset_ publi sher/ Kujrw 0TZC2 Mb/ conte nt/ id/ 36849 373/ do1- 2018- 08- 
15- lei- no- 13- 709- de- 14- de- agosto- de- 2018- 36849 337), it is exempt from approval by an external Institutional 
Review Board or specific consenting term, once only anonymized retrospective data were used, and previously 
consented by patients.

Data collection
Patients who attended Monteleone Assisted Reproduction Center, São Paulo, Brazil, received a routine treatment 
according to medical indications and respected the international guidelines and local regulations for assisted 
reproduction treatments. The clinical and laboratory procedures follow the guidelines established by American 
Society for Reproductive Medicine (ASRM Practice Committee, https:// www. asrm. org/ news- and- publi catio 
ns/ pract ice- commi ttee- docum ents/), European Society for Human Reproduction and Embryology (ESHRE 
Guidelines, Consensus and recommendations, https:// www. eshre. eu/ Guide lines- and- Legal), Brazilian Associa-
tion for Assisted Reproduction (Associação Brasileira de Reprodução Assistida—SBRA, https:// sbra. com. br/ publi 
cacoes- nova/), and Federal Counsel of Medicine (Conselho Federal de Medicina—CFM https:// siste mas. cfm. org. 
br/ normas/ visua lizar/ resol ucoes/ BR/ 2022/ 2320).

For this study, only data from embryos biopsied for genetic analysis were included. The database included 835 
embryos from 195 ICSI cycles performed from April 2018 to June 2020 at Monteleone Assisted Reproduction 
Center, São Paulo, Brazil. The inclusion criteria were data from IVF cycles in which: (i) embryos were individually 
cultured and monitored from the zygote to the blastocyst stage in a time-lapse incubator (EmbryoScope Plus, 
Vitrolife, Midtjylland, Denmark), (ii) Blastocysts were analyzed using next-generation sequencing (NGS) after 
a single trophectoderm biopsy. Among 195 ICSI cycles included, couples indications for IVF treatment were 
mostly advanced maternal age (≥ 38 years, 66.7%) correlated with other factors. Unexplained infertility (7.3%), 
male factor (6.8%), and other factors (19.2%) were responsible for the remaining cases. For all cycles, women 
underwent controlled ovarian stimulation, oocyte recovery, and MII oocytes were fertilized by ICSI.

As routine, prospectively data are annotated in time-lapse system software (Embryoscope, Vitrolife). For 
this study, retrospective reanalysis of the time-lapse videos was made by an expert embryologist for the pres-
ence of abnormalities at early cleavage and compaction stages. All video analyses were performed by the same 
embryologist (HM). Normal early cleavage was defined by the first cleavage of one blastomere to two daughter 
blastomeres, and then the second cleavage where either daughter blastomere cleaved again, resulting in four 
blastomeres. DUC occurring at second cleavage (DUC-2), resulting in five blastomeres, and RC, which occurs 
shortly after the first mitotic division when one of the daughter blastomeres divides into two or more blastomeres 
in less than 5 h, were recorded.

Morulae were classified as fully compacted morulae (FCM, n = 516), when no excluded/extruded cells were 
observed, or partially compacted morulae (PCM) showing cells excluded/excluded from the compaction process. 
The PCM was further subdivided into other two groups, PCM showing excluded cells (Exc-PCM), and PCM 
showing extruded from an already-compacted morula, added of PCM showing both patterns, excluded and 
extruded cells (Ext-PCM).

https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/36849373/do1-2018-08-15-lei-no-13-709-de-14-de-agosto-de-2018-36849337
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/36849373/do1-2018-08-15-lei-no-13-709-de-14-de-agosto-de-2018-36849337
https://www.asrm.org/news-and-publications/practice-committee-documents/
https://www.asrm.org/news-and-publications/practice-committee-documents/
https://www.eshre.eu/Guidelines-and-Legal
https://sbra.com.br/publicacoes-nova/
https://sbra.com.br/publicacoes-nova/
https://sistemas.cfm.org.br/normas/visualizar/resolucoes/BR/2022/2320
https://sistemas.cfm.org.br/normas/visualizar/resolucoes/BR/2022/2320
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Embryo morphology and developmental dynamics were noninvasively observed by capturing images with 
11 focal planes at 10-min intervals. The timing of pronuclei fading, to two, three, four, five, eight and nine cells 
(t2, t3, t4, t5, t8, and t9, respectively), the morula (tM), and blastulation (tB) were recorded. The KIDScoreD5 
v2 was used to embryo morphokinetics classification. Moreover, morphology classification of blastocysts were 
performed and blastocyst expansion, inner cell mass (ICM) and trophectoderm (TE) epithelium quality were 
graded according to the Gardner scoring  system56.

Statistical analysis
The parameters of initial zygote cleavage and morula compaction were evaluated and correlated with the genetic, 
morphokinetics, and morphological embryonic outcomes. Quantitative variables were compared using Student’s 
t test or analysis of variance, and Chi-squared or Fisher exact test analysis was performed for the comparison 
of categorical data. Jamovi 2.3.13 statistical package was used and differences were considered statistically sig-
nificant at p < 0.05.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
request.

Received: 1 June 2023; Accepted: 30 December 2023
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