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Objective: It is widely accepted that aging decreases women’s fertility capacity. The aim of this study was to assess correlations between ma-
ternal age and the morphokinetic parameters and cleavage pattern of embryos. 
Methods: The morphokinetics of embryos derived from women < 30, 30–35, 36–40, and > 40 years of age were compared retrospectively in 
terms of time of second polar body extrusion, time of pronuclei appearance, time of pronuclei fading, and time of two to eight discrete cells 
(t2–t8). Furthermore, abnormal cleavage patterns such as uneven blastomeres at the two-cell stage, cell fusion (Fu), and trichotomous mitoses 
(TM) were assessed. 
Results: Only t5 occurred later in women aged 36–40 and > 40 years when compared with those aged < 30 and 30–35 years (p < 0.001). Oth-
er morphokinetic timing parameters, as well the presence of uneven blastomeres, were comparable between the groups (p > 0.05). However, 
Fu and TM were more common in women aged > 40 years than in younger women (p < 0.001).
Conclusion: Maternal age was correlated with the cleavage pattern of embryos. Therefore, evaluating embryo morphokinetics may contribute 
to optimal embryo selection, thereby increasing fertility in patients with advanced maternal age. 
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Introduction

Approximately one-sixth of couples encounter infertility problems. 
However, assisted reproductive technology (ART) can help such cou-
ples conceive and give birth to healthy babies [1]. One of the most 
significant factors that influences ART outcomes is maternal age [2]. 
It is widely accepted that aging decreases women’s fertility capacity 
[3]. In recent decades, cultural and social trends have led women to 

postpone childbearing. Gleicher et al. [4] stated that older ART pa-
tients require more cycles and have a lower likelihood of pregnancy. 
The decrease in oocyte number and quality as a result of ovarian ag-
ing is the main cause for the poorer ART outcomes in patients with 
advanced maternal age [5]. However, it has been proposed that the 
decrease in fertility with age is due to oocyte aging, rather than the 
number of oocytes, changes in women’s endocrine profile, or de-
creasing endometrial receptivity [3]. Nonetheless, oocyte quality is 
an important factor that affects embryo quality, which is also an im-
portant factor influencing both pregnancy and live birth [4].

One of the main challenges in ART programs is the selection of em-
bryos with the highest developmental competence for transfer. Al-
though the conditions of clinical embryology laboratories have im-
proved in recent years, difficulties remain in the conventional morpho-
logical assessment and selection of embryos based on discrete devel-
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opmental information [6]. The development of embryos is dynamic, in 
that their morphology changes over time [7]. Furthermore, conven-
tional assessments expose embryos to unstable conditions outside 
the incubator terms of light, temperature, and pH fluctuation [8].

In recent years, time-lapse monitoring (TLM) has been introduced, 
enabling the continuous monitoring of embryo growth while main-
taining optimal culture conditions. This technology facilitates the 
analysis of kinetic parameters and cleavage patterns linked to higher 
developmental competence of embryos [9]. Therefore, TLM may en-
able optimal embryo selection in older women, which may improve 
their ART outcomes. To the best of our knowledge, few studies have 
reported the morphokinetics of embryos derived from women of 
different ages [10,11]. We assessed the morphokinetic parameters 
and cleavage patterns of embryos derived from women aged < 30, 
30–35, 36–40, and > 40 years. 

Methods

1. Study design
In this retrospective study, cumulus-oocyte complexes (COCs) were 

obtained from 73 infertile patients aged between 26 and 43 years 
(mean, 32.3 ± 8.1 years) undergoing oocyte retrieval for intracytoplas-
mic sperm injection (ICSI) at the Yazd Reproductive Sciences Institute. 
Couples with severe male factor infertility (sperm concentration, 
< 4 × 106/mL) and those with surgically or frozen retrieved spermato-
zoa were excluded due to the poor recovery of motile spermatozoa. 
Normally fertilized oocytes were classified according to maternal age 
( < 30, 30–35, 36–40, and > 40 years). The Ethics Committee of ethics 
committee of the Research and Clinical Center for Infertility, Yazd Re-
productive Sciences Institute, Shahid Sadoughi University of Medical 
Sciences, Yazd, Iran, approved this study (No. IR.SSU.RSI.REC.1395.2).

2. Ovarian stimulation 
The patients were stimulated with a standard gonadotropin-releas-

ing hormone (GnRH) antagonist protocol. In the antagonist protocol, 
150 IU/day of follicle-stimulating hormone (Gonal F; Serono, Geneva, 
Switzerland) was injected on day 2 of the menstrual cycle. When at 
least one follicle reached 14 mm, 0.25 mg of a GnRH antagonist (Cet-
rotide; Merck Serono, Darmstadt, Germany) was injected and contin-
ued until the day of human chorionic gonadotropin (hCG) injection. 
When at least two 17-mm follicles were seen on transvaginal ultra-
sound, recombinant hCG (Ovidrel, Serono) was administered to trig-
ger final maturation and ovulation. Approximately 36 hours later, ul-
trasound-guided oocyte collection was done using a single-lumen 
aspiration needle (Wallace; Smiths Medical, Ashford, UK).

3. Oocytes preparation and injection
The collected oocytes were placed in in vitro fertilization medium 

(Vitrolife, Västra Frölunda, Sweden) and incubated at 37°C, under 6% 
CO2, 5% O2, and 89% N2 for 2–3 hours. The COCs were denuded of 
cumulus cells mechanically using glass pipettes and enzymatically 
with 80 IU/mL hyaluronidase (Sigma, Cream Ridge, NJ, USA). Then, 
MII oocytes using the husband’s prepared spermatozoa were inject-
ed through ICSI. 

4. Embryo culture
After injection, the oocytes were individually cultured in a culture 

dish containing pre-equilibrated G-1 medium (Vitrolife) covered with 
sterile mineral oil and placed in the time-lapse microscope (Primo Vi-
sion Time-lapse Embryo Monitoring System, Goteborg, Sweden) in a 
triple-gas incubator for 3 days. 

5. Time-lapse analysis
Every 10 minutes, images of each embryo were taken in seven focal 

planes. Only oocytes with normal fertilization (presence of two pro-
nuclei and two polar bodies) were included in the study. One embry-
ologist (AF) did all annotations. The morphokinetics of the embryos, 
including the time of the second polar body extrusion (tPB2), time of 
pronuclei appearance (tPNa), time of pronuclei fading (tPNf), and 
time of two to eight discrete cells (t2–t8), were monitored. In addi-
tion, the following abnormal cleavage patterns were analyzed: (1) 
uneven blastomeres at the two-cell stage where “uneven” was de-
fined as a size difference of > 33% between the sibling blastomeres 
[12]; (2) cell fusion (Fu), in which the fusion or merging of blasto-
meres entails a reduction in the cell number of an embryo, giving it a 
reverse-cleavage appearance, or a blastomere is reabsorbed after 
cleavage; and (3) trichotomous mitoses (TM), in which a single blas-
tomere divides directly from one to three cells. 

6. Statistics 
The normality of the distribution of the results was examined using 

the Kolmogorov-Smirnov test. One-way analysis of variance and the 
Kruskal-Wallis test were used to analyze the between-group differ-
ences for normally and non-normally distributed data, respectively. A 
logistic regression model was used analyze the independent effect 
of age on the cleavage pattern. Odds ratio and 95% confidence inter-
val were calculated. The p-values < 0.05 were considered to indicate 
statistical significance. Statistical analysis was performed using IBM 
SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 499 viable zygotes were derived from 73 women, of 
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which 129 zygotes were derived from women < 30 years of age, 126 
from women 30–35 years of age, 139 of them from women 36–40 
years of age, and 105 were derived from women > 40 years of age. 
No significant differences were found according to age group in de-
mographic characteristics or basal hormonal status (Table 1).

The time-lapse analysis showed that on average, t5 was significant-
ly prolonged in older women (36–40 and > 40 years; 52.29 ± 8.03 
hours and 53.02 ± 8.13 hours, respectively) compared to younger 
women ( < 30 and 30–35 years; 45.84 ± 7.07 and 49.20 ± 7.71 hours, 
respectively) (p < 0.001). However, the timing of t5 was comparable 

between women aged 36–40, and > 40 years, as well as between 
those aged < 30 and 30–35 years (p > 0.05). Furthermore, the aver-
age timing of tPB2, tPNa, tPNf, t2, t3, t4, t6, t7, and t8 were compara-
ble among the different age groups (p > 0.05) (Table 2). The frequen-
cy of uneven blastomeres was similar among women aged < 30, 
30–35, 36–40, and > 40 years (10.1%, 9.5%, 13.7%, and 12.4%, re-
spectively) (p > 0.05) (Table 3).

Our study also demonstrated that there was a significant correla-
tion between the frequency of Fu embryos and women’s age ( < 30, 
30–35, 36–40, and > 40 years: 24.8%, 30.9%, 35.3%, and 57.1%, re-

Table 3. Comparison of uneven blastomeres, cell Fu, and TM among embryos from women in different age groups  

Cleavage pattern < 30 yr 30–35 yr 36–40 yr > 40 yr OR (95% CI) p-value

With uneven blastomeres 13 (10.1) 12 (9.5) 19 (13.7) 13 (12.4) 0.891 (0.691–1.149) 0.37
Without uneven blastomeres 116 (89.9) 114 (90.5) 120 (86.3) 92 (87.6)
With Fu 32 (24.8) 39 (30.9)  49 (35.3) 60 (57.1) 0.742 (0.328–0.876) < 0.001
Without Fu 97 (75.2) 87 (69.1) 90 (64.7) 45 (42.9)
With TM 30 (23.3) 19 (15.1) 26 (18.7) 55 (52.4) 0.643 (0.530–0.780) < 0.001
Without TM 99 (76.7) 107 (84.9) 113 (81.3) 50 (47.6)

Values are presented as number (%).      
Fu, fusion; TM, trichotomous mitoses; OR, odds ratio; CI, confidence interval.   

Table 1. Summary of patients’ characteristics      

Variable < 30 yr 30–35 yr 36–40 yr > 40 yr p-value 

Body mass index (kg/m2) 23.8 ± 4.3 23.7 ± 3.5 24.0 ± 3.9  25 ± 4.2 0.36
Infertility duration (yr)  3 ± 1      3 ± 1.9    4 ± 1.5 5 ± 1 0.50
Primary infertility (%) 48 51 49 51 0.21
Endometrial thickness (mm) 10.1 ± 2.2 10.2 ± 2.0 10 ± 2.3 10 ± 3.1 0.52
Basal estradiol level (pg/mL)      43 ± 13.1      44 ± 14.8   38 ± 19.3   37 ± 18.1 0.48
Basal FSH level (IU/mL)   6.4 ± 2.8   6.5 ± 1.9 6.5 ± 3.2 6.6 ± 1.7 NS
Basal LH level (IU/mL)   5.4 ± 2.3   5.5 ± 3.1 5.7 ± 2.6 5.7 ± 4.3 NS

Values are presented as mean ± standard deviation.      
FSH, follicle-stimulating hormone; NS, not significant; LH, luteinizing hormone.  

Table 2. Comparison of the cleavage timing of embryos from women in different age groups  

Morphokinetic parameter (hr) < 30 yr 30–35 yr 36–40 yr > 40 yr p-value

tPB2 2.48 ± 0.99 2.42 ± 0.81  2.44 ± 0.86   2.53 ± 0.86 0.73
tPNa 7.72 ± 1.75 7.74 ± 1.37  7.79 ± 1.48   8.03 ± 1.44 0.13
tPNf 22.99 ± 3.24 23.34 ± 3.47 23.08 ± 3.91 22.46 ± 3.72 0.24
t2 26.43 ± 4.13 26.13 ± 3.77 26.25 ± 4.34 24.51 ± 4.43 0.36
t3 37.10 ± 6.38 36.04 ± 5.42 36.08 ± 5.90 35.28 ± 5.38 0.29
t4 41.10 ± 4.91 41.39 ± 5.86 42.84 ± 5.85 41.06 ± 6.04 0.13
t5 45.84 ± 7.07 49.20 ± 7.71 52.29 ± 8.03 53.02 ± 8.13 < 0.001
t6 49.13 ± 6.72 49.23 ± 6.40 51.78 ± 5.60 51.69 ± 3.93 0.33
t7 51.87 ± 5.50 51.53 ± 6.63 52.67 ± 5.75 52.80 ± 3.45 0.16
t8 58.76 ± 6.15 60.93 ± 7.63 59.67 ± 5.31 63.41 ± 12.77 0.14

Values are presented as median ± interquartile range.     
tPB2, second polar body extrusion; tPNa, time of pronuclei appearance; tPNf, time of pronuclei fading; t2, first cleavage (2-cell stage); t3, second cleavage (3-cell 
stage); t4, 4-cell stage; t5, 5-cell stage; t6, 6-cell stage; t7, 7-cell stage; t8, 8-cell stage.   
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spectively; p < 0.001). As shown in Table 3, there was a significant re-
lationship between women’s age and the frequency of TM embryos 
( < 30, 30–35, 36–40, and > 40 years: 23.3%, 15.1%, 18.7%, and 
52.4%, respectively; p < 0.001).

Discussion

This study was designed to compare the morphokinetics of embry-
os derived from women aged < 30, 30–35, 36–40, and > 40 years. 
Only t5 occurred later among women aged 36–40 and > 40 years 
than among those aged < 30 and 30–35 years. Other morphokinetic 
timing parameters and the frequency of uneven blastomeres were 
comparable. However, the morphokinetic parameters of Fu and TM 
in embryos increased with age. It is well known that the success of 
ART decreases noticeably with advanced maternal age [13]. In-
creased age in women causes a poor response to ovarian hyperstim-
ulation, decreases the number of retrieved oocytes, and reduces the 
rates of fertilization, high-quality embryo formation, implantation, 
and pregnancy [14-16].

Yan et al. [17] showed that despite similar rates of two-pronuclear 
zygote and high-quality embryo formation, the clinical pregnancy 
rate was significantly lower in older infertile women. Recently, it has 
been reported that the morphokinetic parameters of implanted em-
bryos were similar across different age groups [10]. In contrast, our 
study showed that only t5 occurred later in patients with advanced 
age. Previous studies compared morphokinetic parameters between 
different ages, whereas we assessed women aged < 30, 30–35, 36–
40, and > 40 years old. This could explain the inconsistency between 
our findings and those of the aforementioned studies. Another study 
reported that women’s age was not associated with the timing of 
embryo cleavage [18]. Unlike our study, they surveyed only 32- and 
35-year-old women.  

However, Akhter and Shahab [11] showed that women’s age was as-
sociated with differences in the timing of embryo cleavage. It has 
been reported that the reduction in fertility with advanced age is 
largely correlated to low oocyte quality, due to patterns of aging in the 
ovary. The mechanisms through which oocytes age in response to ag-
ing of the ovary are not obvious, unlike the mechanisms of postovula-
tory oocyte aging [19]. Advanced maternal age induces a rate of oo-
cyte of aneuploidy of nearly 50%, which may be due to low cohesin 
levels. Cohesin plays a role in stabilizing the chiasmata and holding 
the sister chromatids tightly together [20]. In addition, reduced levels 
of cohesin may cause errors in meiotic segregation in oocytes [21]. Re-
cently, Tsutsumi et al. [21] reported that the aging process affected 
changes in the structure of chromatin and gene expression, as well as 
epigenetic alterations due to methyltransferases and demethylases.

The oocyte itself plays an influential role in embryo development. 

Half of the embryo’s chromosomes are delivered by the oocyte, as 
well as the mitochondrial genome, which may be affected by aging 
[22]. In our recent studies, the quality and maturity of oocytes were 
found to affect the morphokinetics of derived embryos [23-26]. Since 
the introduction of TLM, improved ART outcomes have been ob-
served via the continuous and uninterrupted culture of human em-
bryos. However, the selection of embryos with the highest implanta-
tion competence through an assessment of morphokinetics relies 
largely on the timing of cell divisions. Early morphokinetic parame-
ters are positively associated with embryo developmental compe-
tence [7]. A hierarchical model of embryo selection was developed 
based on t5, the second synchronization (time between t3 to t4), and 
the second cell cycle (time between t2 to t3). The rates of both im-
plantation and blastocyst formation were increased by using this 
embryo selection model. In this hierarchical model, t5 is the first im-
portant criterion [27]. Other studies have also reported that t5 was a 
main predictor of high-quality blastocysts [28,29]. In addition to 
morphokinetic parameters, other important phenomena may only 
be observed using TLM. These may help optimize embryo selection 
[30]. Abnormal cleavage patterns, such as uneven blastomeres, Fu, 
and TM are impossible to see using conventional embryo assessment 
techniques [31]. Several studies have shown that embryos with un-
even blastomeres, TM, and Fu showed worse ART outcomes [27,32,33]. 
The molecular mechanism of these phenomena are not clear, but 
mitotic errors may play a major role [34]. Desai et al. [35] reported 
that the presence of an abnormal cleavage pattern (including un-
even blastomeres, TM, and Fu) in addition to other cleavage anoma-
lies was associated with euploidy and, in some cases, decreased de-
velopmental potential.

In conclusion, correlations were observed between embryo cleav-
age patterns and advanced maternal age. Therefore, evaluating em-
bryo morphokinetics may help optimize embryo selection and im-
prove ART outcomes in patients with advanced maternal age. How-
ever, a limitation of this study is that it did not investigate blastocyst 
formation or implantation and pregnancy outcomes. Larger studies 
on embryo morphokinetics and clinical outcomes are warranted to 
validate the findings of the present study.

Conflict of interest

No potential conflict of interest relevant to this article was reported.

Acknowledgments 

The authors would like to thank the colleagues (Research and Clini-
cal Center for Infertility, Yazd Reproductive Sciences Institute) who 
helped with data collection.



www.eCERM.org

A Faramarzi et al.     Embryo morphokinetics and maternal age

123

ORCID

Azita Faramarzi  https://orcid.org/0000-0002-3779-4153
Mohammad Ali Khalili https://orcid.org/0000-0001-9940-749X
Esmat Mangoli  https://orcid.org/0000-0001-6206-7831

Author contributions

Conceptualization: MAK. Data curation: AF. Formal analysis: EM. 
Funding acquisition: MAK. Methodology: AF. Project administration: 
MAK. Visualization: AF. Writing - original draft: AF. Writing - review & 
editing: EM.

References

1. Farquhar C, Marjoribanks J. Assisted reproductive technology: an 
overview of Cochrane Reviews. Cochrane Database Syst Rev 
2018;8:CD010537. 

2. Bentov Y, Yavorska T, Esfandiari N, Jurisicova A, Casper RF. The 
contribution of mitochondrial function to reproductive aging. J 
Assist Reprod Genet 2011;28:773-83. 

3. Igarashi H, Takahashi T, Nagase S. Oocyte aging underlies female 
reproductive aging: biological mechanisms and therapeutic 
strategies. Reprod Med Biol 2015;14:159-69. 

4. Gleicher N, Kushnir VA, Weghofer A, Barad DH. The “graying” of 
infertility services: an impending revolution nobody is ready for. 
Reprod Biol Endocrinol 2014;12:63. 

5. Rambags BP, van Boxtel DC, Tharasanit T, Lenstra JA, Colenbrand-
er B, Stout TA. Advancing maternal age predisposes to mito-
chondrial damage and loss during maturation of equine oocytes 
in vitro. Theriogenology 2014;81:959-65. 

6. Faramarzi A, Khalili MA, Soleimani M. First successful pregnancies 
following embryo selection using Time-lapse technology in Iran: 
case report. Iran J Reprod Med 2015;13:237-42. 

7. Lemmen JG, Agerholm I, Ziebe S. Kinetic markers of human em-
bryo quality using time-lapse recordings of IVF/ICSI-fertilized 
oocytes. Reprod Biomed Online 2008;17:385-91. 

8. Omidi M, Faramarzi A, Agharahimi A, Khalili MA. Noninvasive im-
aging systems for gametes and embryo selection in IVF pro-
grams: a review. J Microsc 2017;267:253-64. 

9. Faramarzi A, Khalili MA, Micara G, Agha-Rahimi A. Revealing the 
secret life of pre-implantation embryos by time-lapse monitor-
ing: a review. Int J Reprod Biomed (Yazd) 2017;15:257-64. 

10. Watcharaseranee N, Ploskonka SD, Goldberg J, Falcone T, Desai 
N. Does advancing maternal age affect morphokinetic parame-
ters during embryo development? Fertil Steril 2014;102:e213-
e4.

11. Akhter N, Shahab M. Morphokinetic analysis of human embryo 
development and its relationship to the female age: a retrospec-
tive time-lapse imaging study. Cell Mol Biol (Noisy-le-grand) 
2017;63:84-92. 

12. Ciray HN, Campbell A, Agerholm IE, Aguilar J, Chamayou S, Es-
bert M, et al. Proposed guidelines on the nomenclature and an-
notation of dynamic human embryo monitoring by a time-lapse 
user group. Hum Reprod 2014;29:2650-60. 

13. Balasch J. Ageing and infertility: an overview. Gynecol Endocri-
nol 2010;26:855-60. 

14. Thum MY, Abdalla HI, Taylor D. Relationship between women’s 
age and basal follicle-stimulating hormone levels with aneu-
ploidy risk in in vitro fertilization treatment. Fertil Steril 2008;90: 
315-21. 

15. Griffiths A, Dyer SM, Lord SJ, Pardy C, Fraser IS, Eckermann S. A 
cost-effectiveness analysis of in-vitro fertilization by maternal 
age and number of treatment attempts. Hum Reprod 2010;25: 
924-31. 

16. Liu K, Case A; Reproductive Endocrinology and Infertility Com-
mittee. Advanced reproductive age and fertility. J Obstet Gynae-
col Can 2011;33:1165-75.

17. Yan J, Wu K, Tang R, Ding L, Chen ZJ. Effect of maternal age on 
the outcomes of in vitro fertilization and embryo transfer (IVF-
ET). Sci China Life Sci 2012;55:694-8. 

18. Hampl R, Stepan M. Variability in timing of human embryos 
cleavage monitored by time-lapse system in relation to patient 
age. Ceska Gynekol 2013;78:531-6. 

19. Takahashi T, Igarashi H, Amita M, Hara S, Matsuo K, Kurachi H. 
Molecular mechanism of poor embryo development in post-
ovulatory aged oocytes: mini review. J Obstet Gynaecol Res 
2013;39:1431-9. 

20. Jessberger R. Age-related aneuploidy through cohesion exhaus-
tion. EMBO Rep 2012;13:539-46. 

21. Tsutsumi M, Fujiwara R, Nishizawa H, Ito M, Kogo H, Inagaki H, et 
al. Age-related decrease of meiotic cohesins in human oocytes. 
PLoS One 2014;9:e96710. 

22. Keefe D, Kumar M, Kalmbach K. Oocyte competency is the key 
to embryo potential. Fertil Steril 2015;103:317-22. 

23. Faramarzi A, Khalili MA, Ashourzadeh S. Oocyte morphology 
and embryo morphokinetics in an intra-cytoplasmic sperm in-
jection programme. Is there a relationship? Zygote 2017;25:190-
6. 

24. Faramarzi A, Khalili MA, Omidi M. Morphometric analysis of hu-
man oocytes using time lapse: does it predict embryo develop-
mental outcomes? Hum Fertil (Camb) 2017:1-6. 

25. Faramarzi A, Khalili MA, Agha-Rahimi A, Omidi M. Is there any 
correlation between oocyte polarization microscopy findings 



 https://doi.org/10.5653/cerm.2019.02838

 Clin Exp Reprod Med 2019;46(3):119-124

124

with embryo time lapse monitoring in ICSI program? Arch Gy-
necol Obstet 2017;295:1515-22. 

26. Faramarzi A, Khalili MA, Ashourzadeh S, Palmerini MG. Does res-
cue in vitro maturation of germinal vesicle stage oocytes impair 
embryo morphokinetics development? Zygote 2018;26:430-4. 

27. Meseguer M, Herrero J, Tejera A, Hilligsoe KM, Ramsing NB, Re-
mohi J. The use of morphokinetics as a predictor of embryo im-
plantation. Hum Reprod 2011;26:2658-71. 

28. Storr A, Venetis C, Cooke S, Kilani S, Ledger W. Time-lapse algo-
rithms and morphological selection of day-5 embryos for trans-
fer: a preclinical validation study. Fertil Steril 2018;109:276-83. 

29. Cruz M, Garrido N, Herrero J, Perez-Cano I, Munoz M, Meseguer 
M. Timing of cell division in human cleavage-stage embryos is 
linked with blastocyst formation and quality. Reprod Biomed 
Online 2012;25:371-81. 

30. Desai N, Ploskonka S, Goodman LR, Austin C, Goldberg J, Falcone 
T. Analysis of embryo morphokinetics, multinucleation and 
cleavage anomalies using continuous time-lapse monitoring in 
blastocyst transfer cycles. Reprod Biol Endocrinol 2014;12:54. 

31. Faramarzi A, Khalili MA, Omidi M, Agha-Rahimi A, Taheri F. Pro-
nuclear pattern does not predict morphokinetics behavior in 
human embryos. Gynecol Endocrinol 2018;34:248-51. 

32. Liu Y, Chapple V, Roberts P, Matson P. Prevalence, consequence, 
and significance of reverse cleavage by human embryos viewed 
with the use of the Embryoscope time-lapse video system. Fertil 
Steril 2014;102:1295-300.

33. Rubio I, Kuhlmann R, Agerholm I, Kirk J, Herrero J, Escriba MJ, et 
al. Limited implantation success of direct-cleaved human zy-
gotes: a time-lapse study. Fertil Steril 2012;98:1458-63.

34. Almagor M, Or Y, Fieldust S, Shoham Z. Irregular cleavage of ear-
ly preimplantation human embryos: characteristics of patients 
and pregnancy outcomes. J Assist Reprod Genet 2015;32:1811-
5. 

35. Desai N, Goldberg JM, Austin C, Falcone T. Are cleavage anoma-
lies, multinucleation, or specific cell cycle kinetics observed with 
time-lapse imaging predictive of embryo developmental capac-
ity or ploidy? Fertil Steril 2018;109:665-74. 


