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-----------------------------------------------------ABSTRACT----------------------------------------------------- 

Background:  In-Vitro-Fertilization (IVF) is a technique in which an egg is fertilized by sperm outside the 

body i. e. in vitro ("in glass"). It is a procedure designed to enhance likelihood of conception in couples for 

whom other fertility therapies have been unsuccessful or are not possible. Importance of various stages of IVF 

embryos for successful IVF treatment has been reported. However, there are studies which assume that embryo 

that shows first mitotic division within 27 hr post insemination (Early Cleavage –EC) has higher potential to get 

implanted than embryo that cleaves later. Objective: To correlate all the available literature on studies related 

to selection of EC embryos for IVF treatment and the subsequent outcome of the procedure. Inference:  Present 

study advocates selection of EC embryo as a dependable criterion for IVF success. 
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I. INTRODUCTION 
Over a period of time there is a gradual development in drugs used for controlled ovarian hyper 

stimulation in IVF therapy. Improved oocyte retrieval technique and culture conditions have resulted in high 

fertilization rate and availability of more number of good quality embryos for transfer. It was observed that 

pregnancy rate increases with the number of embryos transferred. However this may result in multiple 

pregnancies, which is undesirable. Goal of an IVF unit is to avoid multiple pregnancies without affecting 

success rate.  This can be achieved by identifying potential embryo from a cohort and limiting the number of 

embryos to be transferred. 

Assessment of zygote morphology, cleavage pattern, embryo morphology and degree of fragmentation 

are the routinely used parameters for the selection of potential embryos. The intention of all these evaluation 

systems is to find out an easy, non invasive and non subjective assessment of potential embryo. Common 

selection method is to evaluate the embryo for cell number and symmetry prior to transfer [1]. Early onset of 

first mitotic division is defined as a cell division resulting in a two celled embryo at 25 to 27 hour after Intra 

Cytoplasmic Sperm Injection (ICSI). Edward et al, have shown for the first time that embryos which show early 

cleavage have more chance to implant than non early cleaved embryos,  which is subsequently confirmed by 

many studies [2-18]. Assessment of embryos for early onset of first mitotic division is easy, noninvasive and 

non subjective. 

This review is focused on studying the importance of onset of Early Cleavage (EC) as a useful tool for 

selection of potential embryo. Correlation of onset of EC with subsequent quality of embryos at all possible 

stages during invitro culture along with Implantation Rate (IR) and Pregnancy Rate (PR) is also studied.  

 

II. MATERIALS AND METHODS 
a. Literature search 

An electronic literature search of published articles on Pub med, Medline, NCBI about prognostic value 

of early cleavage of human IVF embryos was performed. All the published articles during last 25 years were 

reviewed for content, along with the references of interest. The search was limited to English language 

literature. Only studies concerned with early onset of first mitotic division were analyzed. Case studies with 

retrospective or prospective data were included in the search. 
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b. Study selection 

All studies were assessed and publications to be included were selected independently by all three 

authors. At the first screening, the titles were investigated and studies with lack of any relevance were excluded. 

The second screen was performed by reading the selected abstracts. For third screen, all available full papers 

were read with a focus on   EC criteria for selection of IVF embryos. Selected studies were grouped according to 

their scope i.e. correlation of EC with Pronuclear (PN) morphology, quality, cleavage pattern, ability to develop 

up to blastocyst stage, IR and PR.  Correlation of EC with IR, PR and blastocyst development was concluded 

with graphical representation.  

 

III. RESULT 
The search of databases resulted in 102 titles. Irrelevant publications were excluded after first screen. 

The second screen was performed on basis of abstracts of the remaining 53 relevant publications. 32 items did 

not meet selection criterion and were excluded for the further considerations. Thus 24 publications were 

subjected to third screen. The third screen was performed by reading the available full papers. After this 

investigation 3 papers having completely different emphasis were excluded from the present study. This process 

of selection is illustrated in Fig 1. 

 

Fig.1 

 
 

Figure1. Flow chart:-Systematic review of literature investigating use of early cleavage assessment 

Out of 21 selected relevant publications there were seventeen studies correlating PR with EC, 12 

correlating IR and PR, nine studies correlating multiple parameters of subsequent embryo development. Two 

studies compared the EC system with the system which scores PN morphology for embryo assessment. 

Literature search indicated the correlation between EC and PN morphology, cleavage pattern, blastocyst 

formation, multinucleation, rate of spontaneous abortion and birth rate.  
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Fertilization is a complex process involving many steps viz.  activation of oocyte, decondensation of 

sperm head, extrusion of second polar body,  formation of male and female PN and their rearrangement for the 

formation of zygote. This single celled embryo is now ready for first mitotic division [19]. IVF program 

involves controlled ovarian hyper stimulation, surgical oocyte retrieval, invitro fertilization and embryo transfer 

at certain stage by selecting viable embryo from a cohort.  

3.1 Pronuclear morphology 

PN morphology is one of the criteria used in assessment of embryo viability. Several studies designate 

importance of PN morphology for embryo selection [20-25]. Pronuclear morphology has a potential to predict 

EC and subsequent quality of embryo. According to these studies assessment of progression of embryos in 

addition to PN score is not necessary in the selection for transfer on D3 [27]. Embryo quality assessment at the 

time of embryo transfer in combination with PN morphology is recommended by some studies [28-30]. 

However some studies fail to show any correlation between zygote score and PR. [31-33]. This discrepancy may 

be because the PN morphology changes over time and the grading may vary with observer. As compared to EC 

assessment the PN assessment needs careful observation which may need more time for embryos to be kept 

outside the incubator. Positive correlation was observed with good PN morphology and early onset of first 

mitotic division [26, 27]. 

 

3.2 Early cleavage and Non Early Cleavage (NEC) 
All embryos from a cohort do not have ability to cleave earlier. Positive correlation of EC embryos with IR and PR 

was observed in conventional IVF cases where oocyte maturity and time of fertilization is not defined [3, 34].To understands 

the influence of these factors; studies were carried out on cases where fertilization was achieved using ICSI technique. 

During ICSI cumulus cells surrounding the oocyte are removed to assess oocyte maturity and sperm is mechanically 

inseminated into oocyte cytoplasm where difference in oocyte maturity and timing of fertilization were ruled out. Studies 

showed positive relation of EC with IR and PR when fertilization was achieved by ICSI technique [7, 35]. Improvement in 

the PR of an IVF unit was observed when early cleavage parameter was included in assessment protocol [7]. 

Results of IR and PR with transfer of EC and NEC embryos, analyzed by different studies are tabulated (Table 1 

and Table 2 respectively) and graphically represented in Fig. 2 and Fig.3 

During retrospective evaluation of merits of two grading systems i.e. PN morphology and EC assessment no 

difference was found in IR and PR with transfer of embryos having different zygote patterns, however significant difference 

in IR and PR has been reported between EC and NEC embryos [36]. Studies also document better prediction of implantation 

potential when both the criteria were considered together [27, 36]. 

 

3.3 Cleavage pattern 
It has been established that duration of the cell cycle is usually around 10-12 h. It is a time required for a cell to 

undergo cytokinesis and replication of whole cell genome. Abnormal length of the cell cycle   i. e. prolonged or shorter 

duration negatively influences embryo competence [17, 37- 39]. Division of ooplasm by meridian axis results in even 

distribution of cellular and genetic material, producing exactly equal sized blastomres.  Uneven distribution of cellular and 

genetic material results in unequal sized blastomeres which are detrimental to embryo viability and negatively correlate with 

IR and PR. The significantly higher percentage of early cleaved embryos show normal cleavage pattern and even sized 

blastomeres as compared to non early cleaved  embryos [17, 37,39, 40].The results suggest a positive correlation of normal 

cleavage pattern with normal morphology, blastocyst formation rate and pregnancy rate [41]. Morphological anomalies in 

first few cleavages and poor quality of embryonic development are strongly associated with error in duration of cell cycle 

[38, 40-42]. EC embryo showing even blastomeres shows higher potential for implantation [43]. 

 

Table 1. -Summary of the studies   analyzing IR with EC and NEC embryos. 

 Year Author IR with EC IR with NEC 

1 1997 Youssef Shoukir1 et al 23.60% 7.50% 

2 2001 Sakkas et al 25.50% 14.80% 

3 2001 K.lundin et al 28.00% 19.50% 

4 2001 A bos-Mikich etal 18.00% 11.60% 

5 2002 J. Fenwick et al 21.40% 6.00% 

6 2002 Y.C Tsai 18.80% 11.60% 

7 2003 E.Neuber 21.90% 14.30% 

8 2003 Brezinová J 38% 33% 

9 2004 Denny Sakkas et al 14.00% 3.20% 

10 2004 Brezinová J 27% 25% 

11 2012 Meng et at 48.10% 24.00% 

12 2013 Edessy M 58.60% 35.00% 
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Fig. 2

 

Fig. 2. Comparison of  IR with EC and NEC embryos in different studies. 

Table  2. -Summary of the studies   analyzing PR with EC and NEC embryos. 

Sr.No Year Author PR with EC PR with NEC 

1 1997  Youssef Shoukir1 et al  33.30% 14.70% 

2 1998 Denny Sakkas et al  25.90% 3.20% 

3 2001 Sakkas etal  45.00% 23.80% 

4 2001 K.lundin et al  40.50% 31.30% 

5 2001 A bos-Mikich etal  55.00% 25.00% 

6 2002 J. Fenwick et al  31.30% 10.50% 

7 2002 Y.C Tsai 38.80% 25.60% 

8 2003 Salumets et al  50.00% 26.40% 

9 2003 E.Neuber 40.00% 26.00% 

10 2003 Brezinová J 61% 56% 

11 2004 Denny Sakkas et al  25.90% 3.20% 

12 2004 M.L. Windt 41.30% 20.20% 

13 2004 Aafke PA Van Montfoort  46.00% 18.00% 

14 2004 Brezinová J 40% 33% 

15 2007 Giorgetti C1 42.40% 25.90% 

16 2012 Meng et at  68.00% 51.00% 

17 2013 Edessy M   43.30% 21.80% 
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Fig. 3

 

Fig. 3. Comparison of PR with EC and NEC embryos in  different studies. 

3.4 Mononucleation 

One of morphological criteria for selection of potential embryo in IVF treatment is to observe the 

nuclear status of the blastomeres.  IVF embryos frequently exhibit multinucleated blastomers[44]   which is 

usually associated with developmental incompetence, poor IR and impaired cleavage. [44-46]. Mononucleated 

blastomeres on the other hand are an index of chromosomal normality of blastomere nucleus [43-48]. 

Improvement in the rate of implantation has been documented in early cleaved mononucleated embryos [49]. 

Availability of higher percentage of EC embryos showing mononucleated  blastomeres than NEC embryos has 

been reported[13,41, 49]. 

 

3.5 Blastocyst development  

Extending the culture up to blastocyst stage allows selection of more advanced embryos with stronger 

developmental competence for IR and PR than cleavage stage embryo [50-53]. However some studies do not 

recommend the benefit in transferring blastocyst stage embryo over cleavage stage embryo in terms of IR and 

PR [54-56].  Whereas there are studies insisting upon the need to carry out properly designed work to compare 

the benefit of blastocyst stage embryo transfer over cleavage stage embryo transfer [54]. Standard IVF culture 

conditions support only about 25 to 60% of human embryos to progress up to the blastocyst stage after 5 days of 

invitro culture. This is attributed to the inherent weakness of the particular human embryos or weak culture 

environment which imparts stress on development of the embryo. Comparative studies on the development of 

EC and NEC embryos up to blastocyst stage have been reported (Table 3). Positive correlation has been 

observed between early onset of first mitotic division and ability to develop up to blastocyst stage invitro as 

compared to non early cleaved embryos [9, 11, 14]. Time lapse monitoring system supports close relation 

between exact timing of overall early development events and potential to develop up to blastocyst [39]. 

Effective selection of embryos at earlier stages which will help to identify the ability of embryos to develop up 

to blastocyst stage for successful IR and PR is necessary. 

 

Table 3.  Results of Blastocyst development of different studies with EC and NEC embryos. 

 

Sr. No Year Author  Blastocyst With EC 
Blastocyst with 

NEC 

1 2002 
  

  
J. Fenwick et al  32.20% 16.60% 

2 2003 
  

  
E.Neuber  39% 19% 

3 2004 
  

  
Aafke PA Van Montfoort  66% 40% 
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Fig .4 

 

Fig .4 Comparison of  blastocyst development of  EC and NEC with different studies. 

3.6 Birth rate 

Improvement in birth rate or take home baby rate is the ultimate goal of IVF unit. It has been found 

through the literature search that implantation of EC embryos show reduction in rate of spontaneous abortion as 

compared to implantation of NEC embryos. This also results in improvement in IR and PR as well as birth rate. 

[6, 17, 37].This is trend lines demonstrate the gradual improvement in success of IVF outcome in terms of 

pregnancy and implantation rate over a period of time   with persistent difference with transfer of   EC and NEC 

embryos. 

Very few embryos reach the 2 cell stage at 25h post ICSI and few patients benefit from such an early 

assessment and selection to transfer. It is not known, however, at which time point of completion of the first cell 

cycle embryo viability starts to drop. 50% of embryos show cleavage at 29hr. post insemination and has equal 

potential. This extended period maximize the number of potential embryos available to be transferred [5]. 

IV. DISCUSSION 
Present review makes a systematic literature search of the articles related to the importance of first 

mitotic division in selection of embryos for successful IVF treatment in last twenty five years. Development in 

biotechnology enables manipulation of human gametes for in-vitro-fertilization (IVF) treatments. Developments 

in IVF protocols have enable the availability of more number of good quality embryos for implantation. This 

has resulted in increasing the rate of implantation and rate of pregnancy in the subsequent years. Increase in the 

rate of take home baby – which is the aim of every IVF unit has also been improved due to the research and 

developments in this field. However, since the total success is too far there is a scope for probing into the 

selection criteria for potential IVF embryos. 

In IVF programs most routinely used criteria for embryo selection has been based on cell number and 

morphology at the time of embryo transfer. Biochemical methods analyzing follicular fluid or metabolic activity 

of embryo are also available to assess gametes and embryo quality. These methods are very complex, time 

consuming, expensive and impractical in most of the busy IVF laboratories. Hence, in the present scenario the 

selection of potential IVF embryo on the basis of study of its morphology has been, and will remain the first 

choice for selection. Study of zygote morphology (PN score) and morphology at cleavage as well as blasocyst 

stage are also considered for selection. PN assessment requires expertise, is subjective and time consuming. 

Whereas, cultivation up to blastocyst stage may impart stress to the embryo resulting decrease in IR and PR. 

Analysis of publications suggests that early onset of first mitotic division is a strong biological marker of 

embryo viability, quality as well as developmental potential. Within a cohort of embryos, embryo that shows 

first mitotic division within 27 hr post insemination (Early Cleavage –EC) has always been assumed to have 

higher potential to get implanted than embryo that cleaves later. Comparative results showed significantly 

higher pregnancy and implantation rate with early cleaving embryos than non early cleaving embryos [2-18].  

The quality of pre-implantation embryos changes over a time during in-vitro culture and it is disagreed to use 

this criterion as an independent tool for embryo selection. Effective selection of embryos at earlier stages which 

will help to identify the ability of embryos to develop up to blastocyst stage for successful IR and PR is 

necessary. The recent data suggests early cleavage ability is a good marker for embryo selection but should be 

used in accordance with other parameters like PN score and morphology at cleavage as well as blasocyst stage 

at the time of transfer. Better results are observed when different scoring systems are used jointly. Most of the 

studies correlate one or the other subsequent development stage with early onset of mitotic division. It is 
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necessary to correlate early cleavage status with quality of embryo at all possible stages during in-vitro culture 

as well as with pregnancy and implantation rate cumulatively. Early cleavage assessment is noninvasive, non-

subjective and less time consuming thus giving a great advantage for selection process of potential embryo.  

Trend lines revealed a gradual improvement in IR and PR over a period of time with persistent 

difference in IR and PR by   transfer of   EC and NEC embryos. Present review validates the selection of early 

cleaved embryo for successful IVF treatment. Coordinated and intensive work with large sample size will 

endorse importance of the selection of EC embryos for transfer. 
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