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Chapter 2 

 
The predictive value of 72-hour blastomere cell number on blastocyst 

development, and success of subsequent transfer based upon the degree of 

blastocyst development. 

 
Bruce S Shapiro, M.D., Dee C. Harris, M.T., Kevin S. Richter, Ph.D.  
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Abstract 
 

Objective: To determine the predictive value of 72-hour blastomere cell number on 

blastocyst development, and to compare success rates of subsequent transfer 

based upon the degree of blastocyst development. 

Design: Retrospective clinical study. 

Setting: Private ART center. 

Patient(s):  One-hundred and six women aged 32.0 5.1 years undergoing 

oocyte retrieval for IVF. 

Intervention(s): Bipronucleate oocytes obtained from IVF were grown for up to 168 

hours after fertilization and subsequently transferred at the blastocyst stage. 

Main Outcome Measure(s): Percentages of embryos developing to blastocyst from 

72 hour embryos by blastomere cell number, and subsequent implantation and 

pregnancy rates of transferred blastocysts. 

Result(s): Rates of blastocyst formation and expansion increased as cell numbers 

at 72 hours increased. Implantation rates were 43% for embryos transferred to 

women receiving only expanded blastocysts, and 17% for embryos transferred to 

women receiving one or more less developed blastocysts.  Pregnancy rates were 

higher for women receiving only expanded blastocysts than for women receiving 

one or more less developed blastocysts, though the difference was not significant. 

Conclusion(s): More developed 72-hour embryos are more likely to become 

blastocysts and expand.  Implantation rates are greater for the transfer of 

expanded rather than unexpanded blastocysts.  

 ±
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INTRODUCTION 

 

Historically, implantation rates resulting from in vitro fertilization (IVF) and embryo 

transfer (ET) in humans have been disappointingly low when compared to 

success rates of embryo transfers conducted on domesticated animals such as 

sheep and cattle.  Typical implantation rates for these animals are approximately 

60% (1, 2), while implantation rates are usually between 10% and 15% for 

conventional human IVF/ET (3-8).  Large numbers of embryos are often 

transferred in order to achieve acceptable pregnancy rates, resulting in frequent 

multiple births.  Differences in outcome between humans and domesticated 

animals may be related to differences in the stage of the embryos at transfer.  In 

domesticated animals embryos are typically, and most successfully, transferred as 

blastocysts.  Transfer of earlier cleavage stage embryos is known to have a much 

lower probability of success (9).  However, transfer of two to eight cell embryos on 

day 2 or 3 after retrieval typifies conventional human IVF/ET. 

 

Undefined nutrient requirements and other environmental factors requisite for 

blastulation have made in vitro culture of human embryos for longer than two or 

three days difficult.  Early attempts to culture human blastocysts in vitro met with 

limited success (4).  Recent advances have made possible the ability to culture 

high numbers of viable human blastocysts in vitro, in the presence or absence of 

cocultured cells (7, 10-13).  Delaying transfer until the blastocyst stage is reached 

would increase the potential for self-selection of viability among embryos, as not 

all embryos achieve the blastocyst stage.  In addition, the embryonic genome is 

activated between the 4 and 8 cell stage (14).  Thus, delaying transfer until 



 

blastulation could provide a valuable test of the extended viability of the embryonic 

genome prior to transfer that is unavailable by day 3.  As a result, implantation 

rates are likely to be higher for blastocyst transfers compared to day 2 or 3 

transfers, provided that the culture conditions are suitable for the blastulation of 

genetically viable embryos. 

 

The purpose of the present study was twofold.  First, to examine the predictive 

value of early cell number on the potential for in vitro embryo development to the 

blastocyst stage.  Secondly, to compare implantation and pregnancy rates based 

upon the degree of blastocyst development of transferred embryos. 

 

Other studies have suggested a significant, but limited, correspondence between 

blastocyst formation and day 2 or 3 morphology (13, 15).  A poor correspondence 

between early embryo morphology and the potential to form blastocysts would 

imply that the ability to successfully choose the most viable embryos for transfer 

by day 3 is inherently limited.  The ability to culture viable blastocysts in vitro might 

therefore provide a superior practical mechanism for assessing the quality of 

embryos.  Differences among blastocysts available for transfer may provide 

additional indications of viability.  Implantation rates have recently been reported 

to be higher for day 5 transfers using only blastocysts (13), expanding blastocysts 

(6), or expanded blastocysts (12), compared to less developed embryos.  If the 

degree of pre-transfer expansion of blastocysts can be used to predict 

implantation potential, the further culture of blastocysts to a more developed stage 

is warranted. 
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MATERIALS AND METHODS 

 

We evaluated 107 consecutive cycles (93 women) in which at least one oocyte 

was fertilized at a private ART center between October 4, 1997 and September 7, 

1998.  Institutional Review Board approval was not required due to the 

retrospective nature of this study.  No screening process was used to select 

patients for inclusion in the analysis.  All patients undergoing IVF treatment at the 

center during the study period were included.  Sixteen women were recipients of 

donor oocytes.  The mean age of patients undergoing retrieval was 32.0 5.1 (SD) 

years.  Embryos of all patients were intended to be grown to blastocyst stage prior 

to transfer.   

 

After informed consent, patients were stimulated with menotropins following 

pituitary down regulation with Lupron until at least 2 follicles had attained a mean 

diameter of 18 millimeters.  Oocyte retrieval was performed 34-36 hours after hCG 

was administered at a dose of 5,000-10,000 IU. 

 

Fertilization was performed 6 hours after retrieval with either ICSI or conventional 

insemination as appropriate for the presence or absence of male factor.  

Fertilization and embryo culture were performed in P1 media enriched with 15% 

Synthetic Serum Substitute (Irvine Scientific, Irvine, California), cocultured with 

Vero cells, and overlaid with mineral oil (Sigma, Saint Louis, Missouri).  At 24 

hours post retrieval normal fertilization was confirmed by the presence of 2 

pronuclei.   
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Embryos were then transferred to an organ culture dish and examined at 24-hour 

intervals up to 144 hours post retrieval.  Cell number or developmental stage was 

recorded for each embryo.  Embryos with the same cell numbers were cultured 

together in groups of 1-4 per culture dish.  Embryos with unequal cell numbers 

were moved to separate culture dishes at each daily observation, so growth of 

each individual embryo could be tracked.  All embryos underwent assisted 

hatching by mechanical means on day 3, as had been the standard practice 

employed by the center prior to the adoption of blastocyst transfer as the standard 

treatment following IVF. 

 

Rates of blastocyst formation were calculated depending on the number of 

embryonic cells at 48 and 72 hours.  Blastocysts were defined as embryos 

reaching at least the cavitation stage.  Where sample sizes were sufficient,  

that expanded prior to transfer.  Expanded blastocysts were defined as embryos 

with a large blastocoele and a clearly visible inner cell mass.  Blastocyst 

expansion rates were compared to 72–hour embryonic cell numbers using 

regression analysis. 

 

Embryos for each patient were grown in vitro until at least one blastocyst 

developed and expanded, usually on day 5 or 6.  Blastocyst expansion and 

embryo transfer occurred on day 7 for two patients with unexpanded blastocysts 

on day 6, neither of which achieved clinical pregnancy.  Ten patients had all 

unexpanded blastocysts transferred on day 5 because of logistical problems with 
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also calculated, for each day 3 cell number, the percentage of all blastocysts forming 

chi-square comparisons were made between embryos differing by one cell.  We 



 

 

delaying transfer.  No embryos were transferred to any patients failing to develop 

at least early blastocyst stage embryos by day 6. 

 

One to four (one patient received five) blastocysts were transferred to patients, 

depending on the quality and availability of blastocysts and the desires of the 

patients.  All attempts were made to transfer the highest quality embryos 

available.  Quality assessments were based on the degree of blastocyst 

expansion, blastocyst size, and the development of an inner cell mass. 

 

Pregnancies were determined by the presence of fetal heart motion on ultrasound 

by 7 weeks gestation.  Implantation rates per embryo transferred and pregnancy 

rates per patient receiving embryos were calculated for all patients together, and 

separately for patients receiving only expanded blastocysts or patients receiving 

some lesser developed blastocysts.  Success rates were compared between the 

calculations and comparisons of implantation and pregnancy rates. 

 

RESULTS 

 

A total of 986 oocytes fertilized normally.  One hundred forty-three (14%) of the 

bipronucleate cells failed to divide.  Seven hundred sixty-five (78%) of the fertilized 

oocytes developed to at least the 4-cell stage.  Four hundred ninety-five (50%) 

reached the 8-cell stage.  Three hundred fifty-three blastocysts (36%) developed.  

Two hundred and sixteen (22%) expanded.  
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two groups of patients using chi-square tests. Donor patients were excluded from 



 

 

The probability of blastocyst development was related to blastomere cell number 

at 48 hours (Table 2-1).  Rates of blastocyst formation were nearly identical for 

embryos with 2 or 3 cells, and so these two groups of embryos were pooled for 

statistical comparisons with the other groups.  Embryos with 5 and 6 cells were 

also pooled for comparisons because of the relatively low sample sizes, and 

because their blastocyst formation rates were also similar.  Fifty-eight percent of 

the embryos at the 4 cell stage at 48 hours formed blastocysts, compared to only 

24% for the slower growing embryos with only two or three cells (p < 0.0001).  

Forty percent of the 5 and 6 cell embryos formed blastocysts, a higher rate than 

the slow growing embryos (p = 0.016), but much lower than the 4 cell embryos (p 

= 0.009). 

 

Table 2-1: Rates of formation of blastocysts and expanded blastocysts 
according to the number of cells (blastomeres) per embryo at 48 hours post 
retrieval. 
 

Cell # # Embryos # Blastocysts # Expanded Blast/Embryo Exp/Embryo 

2 262 62 38 0.237 0.145 

3 112 28 13 0.250 0.116 

4 416 243 155 0.584 0.372 

5 41 16 7 0.390 0.171 

6 12 5 3 0.417 0.250 

 
Embryos with 5 or 6 cells and those with 4 cells at 48 hours subsequently had 

similar numbers of cells at 72 hours (7.2 versus 7.1, p = 0.48).  However, the 

embryos with the most cells at 48 hours added significantly fewer cells during the 

next 24 hours than those with 4 cells at 48 hours (2.0 versus 3.1, p < 0.0001). 

 

At 72 hours, rates of blastocyst formation were much higher for those embryos 

having greater numbers of cells.  Rates of blastocyst formation ranged from 2% 

for embryos having only 3 cells at 72 hours, to 87% for embryos with 9 or more 
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cells at the same age (Table 2-2).  Chi-square comparisons indicated that 

differences in blastocyst formation rates were statistically significant between 

embryos differing by only a single cell, from four cells to eight cells (p = 0.0023, p 

= 0.0076, p = 0.0046, and p < 0.0001, respectively).   

 

The number of blastomeres on day 3 was also related to the probability of 

blastocyst expansion.  Regression analysis indicated that the rate of blastocyst 

expansion, among all blastocysts formed, increased by 7.6% per day 3 cell (Y = 

7.6X + 9.0, R2 = 0.847, p = 0.009, Figure 2-1).  Although the difference in 

blastocyst formation rates between 8 cell embryos and those with greater 

numbers of cells was not significant, embryos with at least 9 cells were 

significantly more likely to develop to expanded blastocyst compared to 8 cell 

embryos (Table 2-2, 49% versus 74%, p = 0.022). 
 

Table 2-2: Rates of formation of blastocysts and expanded blastocysts 
according to the number of blastomeres per embryo at 72 hours post 
retrieval. 
 

Cell # # Embryos* # Blastocysts # Expanded Blast/Embryo Exp/Embryo 

2 40 0 0 -- -- 

3 42 1 1 0.024 0.024 

4 103 4 1 0.039 0.010 

5 99 17 9 0.172 0.091 

6 137 44 23 0.321 0.168 

7 128 63 34 0.492 0.266 

8 245 184 121 0.751 0.494 

9-12 23 20 17 0.870 0.739 

* Twenty-six embryos (3%) were omitted because observations were not made 
within 3 hours of 72 hours post retrieval.  Omissions were unrelated to embryo 
size or blastocyst formation. 
 

A similar analysis of blastocyst expansion rates according to day 2 cell number 

failed to reveal any significant relationship between 48 hour cell numbers and the 

probability of expansion after blastocysts form. 

25 



 

 

 

A total of 193 blastocysts were transferred to 68 non-donor patients.  One hundred 

thirty-five (70%) of these blastocysts had expanded and 58 (30%) had not 

expanded prior to transfer.  Thirty-eight patients had only expanded blastocysts 

transferred, for a total of 105 embryos.  The remaining 30 patients, who each had 

transferred at least one unexpanded blastocyst, received a total of 30 expanded 

and 58 unexpanded blastocysts.  Ten of the patients in this second group received 

only pre-expansion blastocysts, while mixtures of expanded and unexpanded 

blastocysts were transferred to the other 20 patients. 

 

A total of 60 (31%) implantations resulted from the 193 embryos transferred, and 

37 (54%) of the 68 patients receiving transfers became pregnant.  A comparison 

of implantation rates between women receiving only expanded blastocysts and 

women receiving less developed blastocysts revealed a highly significant 

difference (43% versus 17%, p < 0.0001).  Pregnancy rates per transfer were 

approximately 50% higher for the patients receiving only expanded blastocysts 

compared to those getting one or more less developed embryos (63% vs. 43%, p 

= 0.1).  While not significant at the 0.05 confidence level, the low p-value is 

suggestive of a possible trend. 

 

A total of 60 (31%) implantations resulted from the 193 embryos transferred, and 

37 (54%) of the 68 patients receiving transfers became pregnant.  A comparison 

of implantation rates between women receiving only expanded blastocysts and 

women receiving less developed blastocysts revealed a highly significant 

difference (43% versus 17%, p < 0.0001).  Pregnancy rates per transfer were 

26 



 

 

approximately 50% higher for the patients receiving only expanded blastocysts 

compared to those getting one or more less developed embryos (63% vs. 43%, p 

= 0.1).  While not significant at the 0.05 confidence level, the low p-value is 

suggestive of a possible trend. 

 

Figure 2-1: Regression Plot of the percentage of blastocysts expanding 
before transfer according to the number of blastomeres at 72 hours after 
retrieval (R2 = 0.847, P=0.009).  Note: Error bars indicate 95% confidence 
intervals based on the binomial distribution. 
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DISCUSSION 

 

Our findings provide further evidence of the practicality and success of blastocyst 

transfer in IVF.  Good rates of blastocyst formation, with high implantation and 

pregnancy rates, were achieved.   A commercially available simple culture 

medium together with a coculture system of Vero cells provided a satisfactory 

environment for the development of blastocysts. 

 

Thirty-six percent of all fertilized oocytes developed to the blastocyst stage, a rate 

that compares favorably to most other attempts at culturing human blastocysts in 
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vitro, with or without cocultures.  Others have reported similar rates of blastocyst 

development in the absence of cocultures (4, 13, 15-17), although at least one 

group has achieved blastocyst development rates of over 50% (10, 11) without the 

use of coculture.  Rates of blastocyst formation as high as 62% with a coculture of 

Vero cells (5) and 68% with a coculture of ovarian cancer cells (16) have been 

achieved. 

 

Our results on the predictive value of post retrieval day 2 and day 3 blastomere 

cell numbers are in general agreement with the few other studies that have 

examined the relationship between early embryo morphology and blastocyst 

development.  Embryos reaching the 4-cell stage by day two are more than twice 

as likely to develop to blastocyst than slower growing embryos.  Surprisingly, 

however, embryos with five or six cells by day 2 are less likely to form blastocysts 

than 4 cell embryos, though more likely than slower growing embryos.  Embryos 

with 5 or 6 cells at 48 hours also grew more slowly than those with 4 cells over the 

following 24 hours.  Another study also reports reduced blastocyst formation rates 

among the embryos with the fastest rate of growth by day 2 post retrieval (15).   

 

The reduction in success rates among the embryos with the highest apparent rate 

of growth on day 2 observed in these two studies suggests that some "cells" in 

these embryos may in fact be large anucleate fragments.  Microscopy can often 

differentiate such fragments from true cells.  However, unambiguous 

determinations cannot always be made, especially when a fragment is similar in 

size to adjacent cells.  Embryos classified as 5 or 6-celled represent only about 

6% of the total sample group in this study.  There is the possibility that cell 
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numbers could have been overestimated for a small fraction of these embryos due 

to misclassification of some large cell fragments as blastomeres.  Alternatively, 

overly rapid and asymmetric division of embryonic cells may be an indication of 

developmental instabilities that adversely affect the embryos’ ability to develop to 

blastocyst. 

 

Blastocyst formation rates have also been found to be positively correlated with 

the number of embryos developing to at least eight cells by day 3 (11).  The 

degree of fragmentation, which may be inversely related to blastomere number on 

day 3, has also been shown to be predictive of blastocyst development.  Day 3 

embryos with less than 20% fragmentation have been reported to be over twice as 

likely to form blastocysts as those with over 20% fragmentation (13).    

 

The present study indicates a strong tendency for higher rates of blastocyst 

formation among embryos with greater numbers of cells at 72 hours after retrieval.  

For each increase in cell number from 4 to 8 cells, the probability of blastocyst 

formation increases.  Most embryos that attain 8 cells by 72 hours will develop into 

blastocysts (76%), while most growing at a significantly reduced rate (6 or fewer 

cells by 72 hours) will not.  Embryos with fewer than 5 cells at 72 hours rarely 

develop blastocysts.  In addition, among the blastocysts that develop, expansion 

is more likely to occur for those that had greater numbers of cells on day 3.  The 

embryos with the most cells (9 or more) at 72 hours are most likely to develop to 

expanded blastocyst (74%). 
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However, our results also suggest that the predictive value of day 2 and 3 cell 

numbers is limited.    Twenty-four percent of the fastest growing embryos on day 3 

(those with 8 or more cells) did not develop into blastocysts, and many of the 

embryos growing at a significantly reduced rate did form blastocysts.  Therefore, 

many of the healthiest appearing embryos that would be selected for day 2 or 3 

transfers would not go on to develop blastocysts with subsequent implantation and 

pregnancy.  In addition, some of the poorer appearing embryos that would not be 

transferred on day 2 or 3 could form blastocysts and subsequently implant.   

 

The inclusion of a grading system incorporating other morphological 

characteristics may have improved the ability to predict blastocyst development 

somewhat.  However, other studies comparing day 2 and 3 morphology to 

blastocyst formation rates that have incorporated such grading systems have 

concluded that morphology up to 72 hours post retrieval is a limited predictor of 

outcome (13, 15).  Assuming the culture conditions are suitable to support 

blastulation of viable embryos, the delay of transfer until blastocyst formation 

would therefore enable the more accurate identification of those embryos with the 

highest probability of successful implantation.   

 

The overall implantation rate (31%) and pregnancy rate (54%) resulting from the 

transfer of blastocysts in the present study compare favorably with other reports of 

blastocyst transfer following IVF.  There are reports of implantation rates as high 

as 45-50% following blastocyst transfers (18, 19).  However, implantation rates of 

23-25% and pregnancy rates of 33-43% are more typical for this procedure. 
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In the current study, blastocyst expansion by the time of transfer (on day 5 or 6) 

was found to be a good indicator of the probability of implantation.  Patients 

receiving only expanded blastocysts had a much higher rate of implantation 

(43%), and a high pregnancy rate (63%), compared to patients receiving less 

developed embryos, and higher than those typical of day 5 or 6 transfer.  Other 

groups have also linked the degree of blastocyst development to higher success 

rates (6, 11-13).  These results suggest that high implantation rates can be 

achieved in human IVF by delaying transfers until blastocysts expand (rather than 

automatically on day 5).  A valuable line of further study would involve identifying 

characteristics of expanded human blastocysts that can be used to predict 

implantation potential, to further maximize the ability to distinguish and transfer the 

most viable embryos. 

 

In conclusion, the results of this study provide further evidence of some of the 

benefits of delaying transfer of embryos until blastocysts form.  Blastomere 

numbers on day 2 or 3 have a significant, yet limited, value for predicting 

blastocyst formation.  Delaying transfer allows for self-selection for higher viability 

among transferred embryos.  In addition, blastocyst expansion is a further marker 

of embryo quality able to identify a subset of blastocysts more likely to implant.  
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