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Abstract 
Background: Multinucleated embryos exhibit impaired implantation potential, but 

whether the presence of multinucleated embryos in an embryo cohort reflects the 

quality of the entire cohort is controversial. No data exists on multinucleation rate 

among frozen-thawed embryos. 

Methods: De novo multinucleation and the number of multinucleated embryos on 

day two of embryo culture before freezing (D2) (n=415), at thawing (D2t) (n=320) 

and after an overnight culture after thawing (D3t) (n=265) was recorded. Associ-

ations between multinucleation before and after cryopreservation, female age and 

ovarian sensitivity to hormonal stimulation were assessed.  

Results: The occurrence of at least one multinucleated embryo per embryo cohort 

was 62.4% on D2, 16.3% on D2t and 31.7% on D3t. The presence of multinucleated 

embryos prior to freezing was not associated with de novo multinucleation during 

post-thaw culture (p=0.845). On D2, multinucleation was high in young women, ir-

respective of the number of collected oocytes (p=0.702). In older age groups, multi-

nucleation was highest if >17 oocytes were obtained (p<0.001) and the odds for mul-

tinucleation was the lowest if the consumption of recombinant follicle-stimulating 

hormone was >238 IU/oocyte (In the age group of 30–35 years OR 0.25 [0.13–0.47], 

and the age group of 36–40 years OR 0.35 [0.20–0.63]. 

Conclusion: Multinucleation is commonly seen in embryos and good-quality day 

two embryo cohorts before freezing. The presence of multinucleated embryos prior 

to freezing does not illustrate multinucleation in sibling embryos after thawing. Em-

bryo multinucleation is associated with factors related to good prognosis in assisted 

reproduction treatments. 
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Introduction 
lastomere multinucleation is considered a 

sign of impaired embryo quality. It is sug-

gested to be originated from abnormalities 
 

during oocyte maturation and early embryo de-

velopment via several mechanisms that result in 

cytokinetic and/or chromosomal changes in the 

embryo (1-3). Literature on clinical factors pre-

disposing embryos to development of blastomere 

multinucleation is inconsistent. Ovarian sensitive-

ty to gonadotropin treatment is reported to be as- 

 

 

 

 

sociated with multinucleated (MN) embryos in in 

vitro fertilization (IVF) and intracytoplasmic sperm 

injection (ICSI) cycles (4-7), but literature on the 

association between female age and MN embryos 

is conflicting (6-11). Cooling of oocytes is shown 

to induce spindle disorganization; therefore, expo-

sure to low temperatures, such as during cryopre-

servation, might induce formation of multinuclea-

tion via negative impact on spindle function and 

integrity (12, 13). However, data on occurrence of 
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MN embryos after thawing is limited (14).  

MN embryos have been reported to possess re-

duced implantation capacity due to increased an-

euploidy rate and they are commonly discarded 

from transfer and cryopreservation (4, 6, 15, 16). 

In addition, the pregnancy potential of the sibling 

embryos has also been debated (5, 7, 8, 17).  It is 

of interest whether the presence of MN embryos 

before freezing illustrates the quality of the entire 

embryo cohort in terms of eligibility for freezing 

and de novo formation of MN embryos after 

thawing. Furthermore, the identification of vari-

ous clinical factors that may increase the occur-

rence of MN embryos after thawing, such as fe-

male age and gonadotropin dose, warrants evalua-

tion.  

In this study, the rate of de novo formation of 

MN embryos after thawing of the cryopreserved 

embryos was evaluated. Further, association be-

tween pre-freeze MN embryo formation and oc-

currence of blastomere multinucleation in post-

thaw MN embryos was studied. In addition, an 

attempt was made to assess whether female age 

and ovarian sensitivity to hormonal stimulation 

were associated with MN embryo formation be-

fore freezing or after thawing.    

 

Methods 
In this study, 415 consecutive IVF/ICSI cycles 

were analyzed. The cycles included embryo cryo-

preservation by slow freezing from January 2010 

to December 2012 and the frozen embryo trans-

fers until the end of April 2014 at the University 

Hospital of Turku, Turku, Finland (Figure 1).  
 

Controlled ovarian stimulation (COS): Among the 

415 IVF/ICSI cycles, pituitary down-regulation 

was achieved in 227 cycles with gonadotropin re-

leasing hormone agonist protocol and in 183 cy-

cles with antagonist protocol (Data missing in five 

cycles). Recombinant follicle-stimulating hormone 

(FSH), human menopausal gonadotropin, or cori-

follitropin alfa were used for ovarian stimulation.  
 

Fertilization, embryo culture and assessment: In 

227 cycles, the oocytes were inseminated; in 96 

cycles, ICSI was performed and in 92 cycles, both 

fertilization methods were utilized. Embryos were 

cultured in a sequential medium of 7% CO2, 8% 

O2, and 85% N2 in single embryo droplets at 37± 

0.1oC and assessed approximately 44 hr after fer-

tilization (Day two, D2). Embryos were visualized 

simultaneously by two experienced observers, one 

via an inverted microscope (Nikon Diaphot 300) 

with 400X magnification and the other via a con-

nected PC monitor and, if needed, embryo screen-

ing was repeated to reach a consensus. 

The embryos were evaluated for blastomere num-

ber and evenness, fragmentation and mono/multi-

nuclearity at three time-points: before freezing 

(D2), within one hour after thawing (D2t) and 23-

25 hr after thawing (D3t). An embryo was consid-

ered multinucleated if two or more nuclei were 

detected in at least one blastomere (Figure 2). All 

MN embryos on D2 and D2t were excluded from 

further analysis and thus, the MN embryos ob-

served after thawing and overnight culture (D3t) 

reflected de novo findings. 
 

Embryo freezing: Embryos with less than 25% 

fragmentation or difference in blastomere size 

were considered suitable for freezing. The embry-

os were frozen 44-46 hr after fertilization by us- 

ing a slow freezing Sydney IVF Cryopreservation 

Kit (K-SICS-5000, Cook Medical, Australia) ac- 
 

Figure 1. Number of IVF/ICSI cycles and de novo occurence of multinucleation in embryo cohorts and embryos at each time point 

of evaluation. Colored boxes indicate the analyzed data at the specific time points of evaluation; D2: day of embryo culture; D2t: day 

of thawing; D3t: day after thawing and an overnight culture 
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cording to the manufacturers’ protocol. Cooling 

was controlled by a freezer (Planer Cryo 10-MRV, 

UK), starting at 20°C and decreasing 3°C per mi-

nute. Before and after seeding with pre-cooled 

forceps at -7.0°C, a 10 min holding period was 

performed. The temperature was lowered to -30°C 

at 0.3°C per minute and to -150°C at 50°C per 

minute. The straws were then transferred to liquid 

N2.  
 

Thawing procedure: The straws were kept at 

room temperature (RT) for 40 s and thereafter 

incubated for 30 s in a 30°C water bath. The em-

bryos were incubated in a series of decreasing 

cryoprotectant concentrations according to the 

manufacturer’s protocol (K-SICM-50, Cook Med-

ical, Australia). Subsequently, the embryos were 

incubated for 5 min in a cryopreservation buffer at 

RT and thereafter the dish was placed for 5 min 

on a heated stage at 39°C. The embryos were cul-

tured in a Sydney IVF cleavage medium overnight 

in 7% CO2, 8% O2 and 85% N2 at 37±0.1oC. 
 

Clinical parameters: The age of the women, me-

thod of fertilization, stimulation protocol used, 

and the number of oocytes retrieved were record-

ed and the consumption of recombinant FSH or 

human menopausal gonadotropin per cycle, as 

well as the proportional dose of FSH per obtained 

oocyte, was calculated. Cycles stimulated with 

corifollitropin alfa (n=25) were excluded from the 

analysis of FSH consumption, since dosages are 

not comparable with other preparations. To ana-

lyze the associations between MN embryos, fe-

male age and ovarian response, the cycles were 

divided into three groups according to the age of 

the women (20−29 years, 30−35 years and 36−40 

years). The cycles were also divided into three 

groups according to the proportional FSH used 

per harvested oocyte (1−84 IU, 85−237 IU and 

≥238 IU).    
 

Statistics: The statistical significance of the dif-

ferences between the frequency distributions of 

MN embryos and embryo cohorts with MN em-

bryos was tested with the Pearson’s chi-square 

test. At first, univariable binary logistic regression 

was used to assess the associations between MN 

embryos and independent variables (Female and 

male ages, number of oocytes and total and pro-

portional FSH consumption). Multivariable binary 

logistic regression included the independent vari-

ables showing significance in the univariate anal-

ysis. Odds ratios (ORs) and 95% confidence in-

tervals (95% CIs) were calculated to quantify the 

significant associations. The p-values less than 

0.05 were interpreted as significant. All statistical 

analyses were carried out using SAS version 9.4 

(SAS Institute, Cary, NC, USA). 
 

Ethical approval: The study had approval from 

the Joint Ethics Committee of Turku University 

Central Hospital, Turku, Finland (117/1801/2013). 
 

Results 
Occurrence of MN embryos before freezing (D2), 

after thawing (D2t) and overnight culture (D3t): 

Multinucleation was detected in at least one em-

bryo in 259 out of 415 (62.4%) embryo cohorts on 

D2. On D2t, MN embryos were detected in 52 out 

of 320 embryo cohorts (16.3%). On D3t, multinu-

cleation was observed in 84 of the 265 cohorts 

(31.7%), showing a lower occurrence than on D2 

(p<0.001). Presence of MN embryos in a D2 em-

bryo cohort was not associated with de novo MN 

embryo formation on D2t (p=0.113) or on D3t (p= 

0.845) (Figure 1). Moreover, 572 embryos out of 

all 3430 embryos were MN (16.7%) on D2. Of the 

1060 survived embryos, 61 were MN (5.8%) on 

D2t. On D3t, 108 out of 771 (14.0%) embryos 

were MN (Figure 1). Multinucleation occurred 

with similar frequency in cycles stimulated with 

antagonist or agonist protocol (p=0.800).  
 

Multinucleation in embryo cohorts, female age and 

ovarian response: The mean age of the women at 

the time of ovum pick up was 33±4 years (Range 

23-40). On D2, increasing female age was associ-

ated with a lower frequency of MN embryos per 

an IVF/ICSI cycle; the increase of four years gave 

an OR of 0.69 (95% CI 0.56-0.85, p<0.001) for 

MN embryos. Further, there was an interaction 

between the presence of MN embryos in an em-

bryo cohort and female age, and the number of 

harvested oocytes (p<0.001); the frequency of 

MN embryos was the lowest in older women with 

a low number of collected oocytes. 

For a more detailed analysis, three female age 

categories (20−29 years, 30−35 years and 36-40 

years) were divided into subgroups based on the 

Figure 2. A) Two nuclei in a blastomere (black arrow); B) 

Multiple nuclei in a blastomere (black arrow) 
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number of retrieved oocytes (1−8; 9−17; ≥18) 

(Table 1). MN embryos were most frequently ob-

served in the age group of 20−29 years and in this 

age group, the occurrence was not associated with 

the number of retrieved oocytes (Table 1).  In the 

age categories of 30-35 years and 36-40 years, the 

occurrence of MN embryos on D2 was the lowest 

when the number of harvested oocytes was less 

than eight. In these age groups, an association 

with high ovarian response and blastomere multi-

nucleation was seen. Female age or number of 

retrieved oocytes was not associated with the mul-

tinucleation in embryo cohorts after thawing on 

D2t (p=0.964 and p=0.551, respectively) or D3t 

(p=0.806 and p=0.189, respectively), and there 

was no interaction effect (D2t p=0.926 and D3t 

p=0.405) in any age group.  
 

Multinucleation in embryo cohorts, female age and 

FSH consumption: On D2, the probability of mul-

tinucleation decreased with an increase in the total 

and proportional FSH consumption (Table 2). In 

contrast, no such correlation was seen on D2t or 

D3t (Table 2). However, when the study group 

was further divided into age categories (Table 3), 

an interaction between female age, proportional 

FSH consumption, and presence of MN embryos 

was seen on D2 (p=0.003); the occurrence of MN 

embryos was independent of the proportional FSH 

consumption in the age group of 20−29 years, but 

in women aged 30-35 years and 36-40 years, MN 

embryos were more common when the propor-

tional dose of FSH was low. A similar association 

was detected in the age group of 36-40 years both 

on D2t and D3t (Table 3). 

 

Discussion 
To our knowledge, this is the first study that sys-

tematically assessed the de novo occurrence of 

MN embryos after embryo cryopreservation with 

slow freezing and the interaction between multi-

nucleation, female age and ovarian response to 

gonadotropins. MN embryos were frequently seen 

Table 1. Multinucleation on day-2 of embryo culture in relation to female age and number of obtained oocytes per ovum pick up 
 

Female age (years) No. of  IVF/ICSI cycles 

No of oocytes 1-8 No of oocytes 9-17 No of oocytes >17 p  

% (n/n)  % (n/n)  % (n/n)   

n=95 n=214 n=106  

20-29 87 69.2 (9.13) 72.5 (29.40) 79.4 (27.34) 0.702 

30-35 207 38.5 (15.39) 69.2 (81.117) 78.4 (40.51) <0.001 

36-40 121 20.9 (9.43) 59.7 (34.57) 71.4 (15.21) <0.001 
 

* No. of embryo cohorts with multinucleation/all cohorts in a subgroup in parentheses. ** Chi Square test. IVF=In vitro fertilization, ICSI= Intra-

cytoplasmic Sperm Injection 

 

Table 2. Multinucleation in relation to total and proportional FSH consumption in IVF/ICSI cycles on day-2 of embryo culture (D2), after 

thawing (D2t) and on day-3 of embryo culture after thawing (D3t) 
 

Time point of embryo 

evaluation 
 

Embryo cohorts without 

multinucleation 

Embryo cohorts with 

multinucleation 
p  OR (95% CI) 

D2      

 
No. of IVF/ICSI  

cycles 
146 244   

 FSH dose (IU) 2167.4±899.1 1815.5±721.4 <0.001 0.65 (0.52-0.80) 

 Prop. FSH ** 275.4±237.2 144.6±116.9 <0.001 0.36 (0.36-0.50) 

D2t      

 
No. of IVF/ICSI  

cycles 
255 46   

 FSH dose (IU) 1980.7±815.5 1882.3±761.0 0.447 0.89 (0.63-1.23) 

 Prop. FSH ** 199.5±190.5 167.3±193.9 0.296 0.81 (0.55-1.20) 

D3t      

 
No. of IVF/ICSI 

cycles 
177 81   

 FSH dose (IU) 1987.7±815.5 1893.2±763.0 0.379 0.88 (0.67-1.17) 

 Prop. FSH ** 201.9±179.7 158.3±144.4 0.062 0.71 (0.49-1.02) 
 

Numbers are mean±SD; * Logistic regression analysis; ** Proportional FSH (IU/oocyte); IVF/ICSI cycles stimulated with corifollitropin excluded from the 

analysis (n=25); FSH= follicle stimulating hormone, IVF= In vitro fertilization, ICSI, intracytoplasmic sperm injection 
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in good-quality D2 embryo cohorts suitable for 

freezing, but the occurrence was less prevalent 

among frozen-thawed D3 embryos. The presence 

of MN embryos prior to freezing was not associ-

ated with increased de novo MN formation in sib-

ling embryos during overnight post-thaw culture. 

Interestingly, the multinucleation rate was the 

highest in fresh D2 embryo cohorts of young 

women, regardless of ovarian response during 

COS, and in older women with a good ovarian 

response to COS. Intriguingly, the subjects in our 

study represented good prognosis patients in as-

sisted reproductive treatment (ART). Further, the 

presence of multinucleation in embryo cohorts 

was similar irrespective of the ovarian stimulation 

protocol. 

Little is known of the multinucleation rate in 

frozen-thawed embryos (14, 17). While the cool-

ing of oocytes is reported to induce spindle disor-

ganization (12, 13), the question of whether em-

bryo freezing is a risk factor for post-thaw MN 

embryo formation still remains to be answered. 

The impact of freezing on the developmental po-

tential of the embryos is most reliably seen after 

extended embryo culture (18-20). Consequently, 

if freezing would disturb nucleus reconstruction, it 

should become evident after the resumption of 

mitosis. In our study, the occurrence of de novo 

multinucleation after post-thaw culture was signif-

icantly lower than before freezing, and it corre-

sponded with the de novo multinucleation rate 

previously reported in fresh D3 embryo cohorts 

(6, 21). Thus, slow freezing appears safe in terms 

of embryo multinucleation. Nevertheless, pro-

spective studies comparing multinucleation in 

fresh and frozen-thawed D3 embryos are needed 

to further evaluate the relationship between slow 

freezing and MN embryo formation. 

Further, it was found that post-thaw multinuclea-

tion occurred irrespective of the presence of MN 

embryos before freezing. Fresh and frozen-thawed 

MN embryos have impaired pregnancy potential 

(19, 22-24), but data on the developmental capaci-

ty of the sibling embryos in fresh IVF/ICSI cycles 

are conflicting (7, 8, 17). There are no previous 

reports in the literature regarding whether the pre-

sence of MN embryos before freezing is indica-

tive of the overall developmental potential of the 

embryo cohort after freezing and thawing. Our re-

sults imply that the presence of MN embryos be-

fore cryopreservation does not increase the risk of 

multinucleation in sibling embryos after thawing, 

and therefore, if blastocyst culture is not possible, 

cleavage-stage sibling embryos can be safely cry-

opreserved. 

MN embryos were frequently seen in IVF/ICSI 

cycles among women less than 30 years, regard-

less of the number of harvested oocytes, whereas 

multinucleation was associated with a higher re-

sponse to ovarian stimulation in older age groups. 

In women over 35 years, the association between 

FSH sensitivity and multinucleation was also sus-

tained over the freezing-thawing process. In the 

literature, female age, as a predisposing factor to 

Table 3. Multinucleation in relation to proportional FSH consumption and female age in IVF/ICSI cycles on day-2 of embryo culture (D2), after 

thawing (D2t), and on day-3 of embryo culture after thawing (D3t) 
 

Time point of embryo 

evaluation 

Female age 

(years) 

No. of IVF/ICSI 

cycles 

Categories of proportional FSH consumption, %  

(number of embryo cohorts with multinucleation/all 

cohorts in the subgroup) p * OR (95% CI) 

1-84 IU/oocyte 85-237 IU/oocyte ≥238 IU/oocyte 

D2        

 20-29 86 81.1 (30.37) 71.1 (27.38) 72.7 (8.11) 0.856 0.95 (0.53-1.69) 

 30-35 195 88.2 (45.51) 63.6 (68.107) 40.5 (15.37) <0.001 0.25 (0.13-0.47) 

 36-40 109 75.0 (6.8) 59.6 (31.52) 28.6 (14.49) <0.001 0.35 (0.20-0.63) 

D2t        

 20-29 73 25.8 (8.31) 9.4 (3.32) 20.0 (2.10) 0.334 1.33 (0.75-2.35) 

 30-35 142 12.8 (5.39) 13.2 (10.76) 11.1 (3.27) 0.682 0.87 (0.44-1.71) 

 36-40 86 37.5 (3.8) 23.1 (9.39) 7.7 (3.39) 0.033 0.33 (0.12-0.91) 

D3t        

 20-29 60 46.4 (13.28) 16.0 (4.25) 57.1 (4.7) 0.836 0.89 (0.30-2.67) 

 30-35 120 28.1 (9.32) 29.2 (19.65) 21.7 (5.23) 0.503 0.83 (0.49-1.42) 

 36-40 78 75.0 (6.8) 34.3 (12.35) 25.7 (9.35) 0.028 0.47 (0.20-0.90) 
 

*Logistic regression analysis; IVF/ICSI cycles stimulated with corifollitropin excluded from analysis (n=25); IVF=In vitro fertilization, ICSI=Intracytoplasmic 

Sperm Injection, FSH=Follicle Stimulating Hormone 
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blastomere multinucleation, has yielded contradic-

tory results. In general, no association has been 

found (6-8, 11), apart from two studies by Mori-

waki et al. (2004) (9) and Balakier et al. (2016) 

(10) showing a higher occurrence of MN embryos 

in older women. However, in these studies, the 

impact of female age on multinucleation was 

evaluated independent of other factors affecting 

ovarian response to COS, whereas our study is the 

first to explore multinucleation and its interaction 

between female age and ovarian response to COS. 

These results add to the evidence that multinu-

cleation is associated with ovarian sensitivity to 

hormonal stimulation (4, 5, 7). The relationship 

between MN embryos and female age and ovarian 

response further suggests that the inclination to 

multinucleation is derived from conditions that 

occur during oocyte maturation or patient charac-

teristics. 

Advanced female age is particularly known to 

have a strong association with an increasing num-

ber of chromosomal errors and deterioration in 

oocyte quality. Interestingly, in this study, multi-

nucleation was found to be most prevalent in the 

youngest age category of women with embryos 

eligible for cryopreservation. First, studies using 

the fluorescence in situ hybridization found a 

strong association between chromosomal abnor-

malities and multinucleation, as up to 80% of the 

cleavage-stage MN embryos were reported to be 

aneuploid (3, 16). However, recent aneuploidy re-

cords gained from blastocyst stage laser-assisted 

trophectoderm biopsies have demonstrated that 

the aneuploidy rate at the blastocyst stage in nor-

mally developing MN embryos does not differ 

from that of mononucleated embryos (10, 25). 

This has contradicted the hypothesis that multinu-

cleation is a sign of aneuploidy and, thus, a defi-

nite indicator of poor embryo quality. Instead, 

multinucleation has been suggested to be more 

likely a consequence than a cause of chromosomal 

abnormalities and acts as a safeguard against an-

euploidy (26). This hypothesis is based on obser-

vations that early cleavage-stage embryos are, in 

general, vulnerable to defective spindle assembly 

and mosaicism due to immature cell cycle check-

points (27). Further, blastocysts derived from MN 

embryos produce live births with a relatively high 

rate (10, 17, 19). Therefore, multinucleation has 

been suggested to reflect an active self-correction 

process for mitotic aneuploidy errors in cleavage-

stage embryo (23, 28). 

Only embryo cohorts including embryos eligible 

for cryopreservation were included in our study, 

and therefore, the study design illustrates MN 

formation in good-quality embryo cohorts. Our 

results showed that within this good prognosis 

cohort of women, multinucleation was also com-

mon in high-responding women in advanced age 

groups. Sekhon et al. (2017) (29) demonstrated 

that the number of collected oocytes and the gon-

adotropin dose during COS in normal responders 

were not related to an increase in aneuploidy rate. 

This further highlights the hypothesis that multi-

nucleation is a repair process in the good progno-

sis patient group with normal ovarian reserves and 

overall good-quality embryo cohort. All in all, our 

findings more likely support the prevailing theory 

that multinucleation represents active repair mech-

anisms of abnormal chromosomal contents of 

blastomeres to restore embryo viability rather than 

poor quality of embryo. 

The strength of our study was in embryo screen-

ing, which was performed systematically through 

the cooperation of two observers. Our results are 

in line with previous studies on fresh IVF/ICSI 

cycles reporting multinucleation of 6%–26% in 

day two embryos with sequential screening (4–7) 

and a frequency of 15%–25% in four-cell stage 

embryos during continuous embryo monitoring 

(10, 23, 24, 30). However, conventional sequen-

tial embryo screening may underestimate the rate 

of transient nuclear abnormalities. Even though 

there was no time-lapse monitoring, the conven-

tional screening of embryos was based on a con-

trolled double evaluation and joint consensus, mi-

nimizing interobserver variability. Although time-

lapse monitoring is an excellent method for study-

ing embryo morphokinetics, its use is currently 

limited by high costs. Our study thus provides 

data that reflect clinical practice. 

Today, vitrification has mainly replaced the tra-

ditional slow-freezing protocol because of the 

simplicity of the procedure and better clinical out-

comes (31). It should be noted that the results 

from studies with slow freezing are not directly 

applicable to vitrification. Therefore, future stud-

ies evaluating the effect of vitrification on MN are 

warranted. 

 
Conclusion 

In summary, the presence of MN embryos prior 

to freezing was not associated with blastomere 

multinucleation in sibling embryos after thawing. 
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All in all, multinucleation in good-quality embryo 

cohorts was less common after thawing than be-

fore embryo cryopreservation. Our findings add to 

the evidence that the risk for MN embryos is as-

sociated with factors related to high ovarian re-

sponse to hormonal stimulation −such as young 

age, FSH sensitivity and the higher number of ob-

tained oocytes among women with advanced age. 

This supports the hypothesis that embryo multi-

nucleation may represent an active repair mecha-

nism of chromosomal errors in embryos rather 

than distinctly poor quality of embryo. Embryo 

freezing is increasing in popularity among ART 

treatments and the debate on the "freeze-all" poli-

cy is gaining interest. At the same time, however, 

concerns for the possible negative effects of cryo-

preservation on embryos have been expressed. 

The low frequency rate of MN embryos after 

thawing suggests the safety of slow freezing also 

in terms of nuclear reconstruction, but studies 

comparing multinucleation in fresh and frozen-

thawed D3 embryos are needed. 

 

Acknowledgement 
The authors wish to thank Anne Kaljonen, MSc, 

for her help on statistical analysis. 

 

Conflict of Interest 
The authors have no conflicts of interest to de-

clare. 

Funding: This study was funded by EVO grant 

of the University Hospital of Turku, Finland and 

Turku University Foundation. 

 

References 
1. Hardy K, Winston RM, Handyside AH. Binucleate 

blastomeres in preimplantation human embryos in 

vitro: failure of cytokinesis during early cleavage. J 

Reprod Fertil. 1993;98(2):549-58. 
 

2. Munné S, Cohen J. Unsuitability of multinucleated 

human blastomeres for preimplantation genetic dia-

gnosis. Hum Reprod. 1993;8(7):1120-5. 
 

3. Staessen C, Van Steirteghem A. The genetic consti-

tution of multinuclear blastomeres and their deriva-

tive daughter blastomeres. Hum Reprod. 1998;13 

(6):1625-31. 
 

4. De Cássia Savio Figueira R, Souza Setti A, Paes De 

Almeida Ferreira Braga D, Iaconelli A, Borges E. 

Blastomere multinucleation: Contributing factors 

and effects on embryo development and clinical out-

come. Hum Fertil. 2010;13(3):143-50. 
 

5. Jackson KV, Ginsburg ES, Hornstein MD, Rein MS, 

Clarke RN. Multinucleation in normally fertilized 

embryos is associated with an accelerated ovulation 

induction response and lower implantation and preg-

nancy rates in in vitro fertilization-embryo transfer 

cycles. Fertil Steril. 1998;70(1):60-6. 
 

6. Van Royen E, Mangelschots K, Vercruyssen M, De 

Neubourg D, Valkenburg M, Ryckaert G, et al. Mul-

tinucleation in cleavage stage embryos. Hum Re-

prod. 2003;18(5):1062-9. 
 

7. Yilmaz A, Zhang L, Zhang XY, Son WY, Holzer H, 

Ao A. Chromosomal complement and clinical rele-

vance of multinucleated embryos in PGD and PGS 

cycles. Reprod Biomed Online. 2014;28(3):380-7. 
 

8. Meriano J, Clark C, Cadesky K, Laskin CA. Binu-

cleated and micronucleated blastomeres in embryos 

derived from human assisted reproduction cycles. 

Repro Biomed Online. 2004;9(5):511-20. 
 

9. Moriwaki T, Suganuma N, Hayakawa M, Hibi H, 

Katsumata Y, Oguchi H, et al. Embryo evaluation 

by analysing blastomere nuclei. Hum Reprod. 2004; 

19(1):152-6. 
 

10. Balakier H, Sojecki A, Motamedi G, Librach C. 

Impact of multinucleated blastomeres on embryo 

developmental competence, morphokinetics, and 

aneuploidy. Fertil Steril. 2016;106(3):608-14.e2. 
 

11. Ergin EG, Calişkan E, Yalçinkaya E, Oztel Z, Cök-

elez K, Ozay A, et al. Frequency of embryo multi-

nucleation detected by time-lapse system and its 

impact on pregnancy outcome. Fertil Steril. 2014; 

102(4):1029-33.e1. 
 

12. Liu RH, Sun QY, Li YH, Jiao LH, Wang WH. 

Effects of cooling on meiotic spindle structure and 

chromosome alignment within in vitro matured 

porcine oocytes. Mol Reprod Dev. 2003;65(2):212-

8. 
 

13. Pickering SJ, Braude PR, Johnson MH, Cant A, 

Currie J. Transient cooling to room temperature 

can cause irreversible disruption of the meiotic 

spindle in the human oocyte. Fertil Steril. 1990;54 

(1):102-8. 
 

14. Agerholm IE, Kølvraa S, Crüger DG, Berg C, 

Bruun-Petersen G, Ziebe S. Resumption of mitosis 

in frozen-thawed embryos is not related to the 

chromosomal constitution. Fertil Steril. 2008;90 

(5):1649-55. 
 

15. Pelinck MJ, De Vos M, Dekens M, Van der Elst J, 

De Sutter P, Dhont M. Embryos cultured in vitro 

with multinucleated blastomeres have poor im-

plantation potential in human in-vitro fertilization 

and intracytoplasmic sperm injection. Hum Re-

prod. 1998;13(4):960-3. 
 

16. Kligman I, Benadiva C, Alikani M, Munne S. The 

presence of multinucleated blastomere’ s in human 

embryos is correlated with chromosomal abnor-

malities. Hum Reprod. 1996;11:1492-8. 



D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
://w

w
w

.jri.ir 

 

 

 

J Reprod Infertil, Vol 21, No 2, Apr-Jun 2020 123 

Seikkula J, et al. JRI 

17. Egashira A, Yamauchi N, Tanaka K, Mine C, Ot-

subo H, Murakami M, et al. Developmental capaci-

ty and implantation potential of the embryos with 

multinucleated blastomeres. J Reprod Dev. 2015; 

61(6):595-600. 
 

18. Van der Elst J, Van den Abbeel E, Vitrier S, 

Camus M, Devroey P, Van Steirteghem AC. Se-

lective transfer of cryopreserved human embryos 

with further cleavage after thawing increases de-

livery and implantation rates. Hum Reprod. 1997; 

12(7):1513-21. 
 

19. Desai N, Ploskonka S, Goodman L, Attaran M, 

Goldberg JM, Austin C, et al. Delayed blastulation, 

multinucleation, and expansion grade are inde-

pendently associated with live-birth rates in frozen 

blastocyst transfer cycles. Fertil Steril. 2016;106 

(6):1370-8. 
 

20. Guerif F, Bidault R, Cadoret V, Couet ML, Lansac 

J, Royere D. Parameters guiding selection of best 

embryos for transfer after cryopreservation: a 

reappraisal. Hum Reprod. 2002;17(5):1321-6. 
 

21. Yakin K, Balaban B, Urman B. Impact of the 

presence of one or more multinucleated blasto-

meres on the developmental potential of the em-

bryo to the blastocyst stage. Fertil Steril. 2005;83 

(1):243-5. 
 

22. Hur YS, Ryu EK, Hyun CS, Yang SH, Yoon SH, 

Lim KS, et al. Retrospective study of single 

vitrified-warmed blastocyst transfer cycles accord-

ing to the presence of morphokinetic variables. 

Clin Exp Reprod Med. 2018;45(1):52-5. 
 

23. Aguilar J, Rubio I, Muñoz E, Pellicer A, Meseguer 

M. Study of nucleation status in the second cell 

cycle of human embryo and its impact on im-

plantation rate. Fertil Steril. 2016;106(2):291-9.e2. 
 

24. Desch L, Bruno C, Luu M, Barberet J, Choux C, 

Lamotte M, et al. Embryo multinucleation at the 

two-cell stage is an independent predictor of in- 

 

 

 

tracytoplasmic sperm injection outcomes. Fertil 

Steril. 2016;107(1):97-103.e4. 
 

25. Hashimoto S, Nakano T, Yamagata K, Inoue M, 

Morimoto Y, Nakaoka Y. Multinucleation per se is 

not always sufficient as a marker of abnormality to 

decide against transferring human embryos. Fertil 

Steril. 2015;106(1):133-9.e6. 
 

26. Tesarik J. Is blastomere multinucleation a safe-

guard against embryo aneuploidy? back to the fu-

ture. Reprod Biomed Online. 2018;37(4):506-7. 
 

27. Vázquez-Diez C, FitzHarris G. Causes and conse-

quences of chromosome segregation error in pre-

implantation embryos. Reproduction. 2018;155(1): 

R63-R76. 
 

28. Desai N, Goldberg JM, Austin C, Falcone T. Are 

cleavage anomalies, multinucleation, or specific 

cell cycle kinetics observed with time-lapse im-

aging predictive of embryo developmental capacity 

or ploidy? Fertil Steril. 2018;109(4):665-74. 
 

29. Sekhon L, Shaia K, Santistevan A, Cohn KH, Lee 

JA, Beim PY, et al. The cumulative dose of go-

nadotropins used for controlled ovarian stimulation 

does not influence the odds of embryonic aneuploi-

dy in patients with normal ovarian response. J 

Assist Reprod Genet. 2017;34(6):749-58. 
 

30. Basile N, Vime P, Florensa M, Aparicio Ruiz B, 

Garcia Velasco JA, Remohi J, et al. The use of 

morphokinetics as a predictor of implantation: a 

multicentric study to define and validate an algo-

rithm for embryo selection. Hum Reprod. 2014; 

30(2):276-83. 
 

31. Li Z, Wang YA, Ledger W, Edgar DH, Sullivan 

EA. Clinical outcomes following cryopreservation 

of blastocysts by vitrification or slow freezing: a 

population-based cohort study. Hum Reprod. 2014; 

29(12):2794-801. 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=V%C3%A1zquez-Diez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29109119
https://www.ncbi.nlm.nih.gov/pubmed/?term=FitzHarris%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29109119

