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Introduction 
 

Prior to the development of blastocyst culture techniques, the vast majority of in 

vitro fertilization (IVF) and embryo transfer procedures involved the transfer of 

embryos on day 3 after oocyte retrieval. Implantation rates of 10 to 15% per 

transferred embryo were commonplace (1-6). In order to reach acceptable 

pregnancy rates in the presence of such low implantation rates, it was routine to 

transfer large numbers of embryos to patients. This resulted in many high order 

multiple gestations (7).  

 

In order to reduce the incidence of multiple gestations, fewer embryos had 

to be replaced. However, if fewer embryos were transferred, the implantation rate 

per embryo had to be raised from the conventional low rates common for day 3 

embryo transfer in order to maintain overall acceptable pregnancy rates. It was 

suggested that one way to solve this dilemma would be to transfer embryos at a 

later stage of pre-implantation development (8). 

 

Allowing embryos to develop further prior to embryo transfer would permit 

self-selection of more viable embryos, since only those with the developmental 

capacity to attain the more advanced stages would be selected. An extra bonus 

would be that embryos that have developed beyond the 8-cell stage on day 3 

following oocyte retrieval, become dependent upon the newly activated embryonic 

genome (9). Such continued development is a further validation of embryo viability 

in that the further an embryo has developed, the more likely it is to continue to do 

so and subsequently implant. So, it could very well be that the ideal 
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developmental stage for embryo transfer is the blastocyst stage, the stage just 

prior to embryo implantation.   

 

The counter argument is the claim that an embryo is always better off in the 

uterus than in the laboratory and should thus be transferred as soon as possible. 

This argument was raised early in the development of extended culture 

techniques. If it was true, then blastocyst transfer would result in reduced 

pregnancy rates because the blastocysts developed in culture would be 

compromised compared to day 3 embryos that developed to blastocyst in utero. 

 

In the 1980s and 1990s, extended culture techniques were developed 

which permitted embryos to be grown in the laboratory for 5 to 6 days following 

oocyte retrieval. This created the possibility to transfer embryos developing to the 

blastocyst stage in the expectation of improved implantation and pregnancy rates. 

Dr Cohen and colleagues were among the first to report data on human blastocyst 

transfer (10). This work was followed by studies of blastocyst transfer with 

implantation rates of up to 50% (11, 12, 13). 

 

Embryo morphology has been the mainstay in IVF for evaluation of embryo 

viability and is considered to be the most important predictive determinant for 

implantation and subsequent pregnancy. Blastocyst morphology in particular may 

have an intrinsic advantage over day 3 morphology because it represents an 

embryo further along in development with a more complex structure (14, 15, 16).  
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The ability to transfer embryos at the blastocyst stage as shown in the early 

studies provoked questions previously raised and already answered for day 3 

embryo transfer. More specifically, following the advent of day 3 embryo transfer 

there were many studies published to correlate day 3 embryo morphology to 

subsequent implantation and pregnancy rates. Although early studies had shown 

morphologic evaluation to be useful as a predictor of further embryonic 

development, (14, 15) there were few studies that were able to specifically predict 

blastocyst development and to evaluate morphologic characteristics of blastocysts 

as a predictor of implantation potential. We therefore initiated such a study, which 

is described in chapter 2. 

 

Soon after blastocysts began to be transferred on a regular basis, it 

became clear that some blastocysts developed fully by day 5 following oocyte 

retrieval and some required an extra day to completely develop by day 6. Although 

the blastocysts of day 5 and day 6 embryos appeared morphology identical, no 

data were available regarding whether implantation and pregnancy rates between 

these embryos might differ, or whether any such differences might be due to 

differences in the inherent viability or some other factor. Data on this topic are 

given in chapter 3. 

 

Studies of successive cycles of IVF in patients with day 3 embryo transfers 

found no decline in pregnancy rates with each repetition of IVF (17-25).  The 

implication was that with day 3 embryo transfer, the population in each cycle was 

heterogeneous and that the probability of conception with IVF for each cycle was 

independent of any previous cycle. This was explained by the low implantation 
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and pregnancy rates in day 3 transfers, allowing only a small proportion of the 

patients with pregnancy potential to conceive after any one particular cycle. Any 

selective concentration of poorer prognosis patients following each successive IVF 

cycle in this circumstance would be minimal. However, with higher implantation 

and pregnancy rates in blastocyst transfer cycles, there would be a greater 

likelihood of eliminating the higher prognosis patients more quickly. The magnified 

proportion of poor prognosis patients in the residual pool would cause the 

subsequent probability of conception to be successively reduced with each cycle. 

This would lead to the observation of a reduced rate of conception with each 

successive IVF cycle using blastocyst transfer. We tested this hypothesis in a 

retrospective study, presented in chapter 4. 

 

Higher rates of implantation and pregnancy were reported with the transfer 

of blastocyst stage embryos, permitting the transfer of fewer embryos or even a 

single embryo while maintaining acceptable rates of pregnancy (12, 26, 27, 28). 

To practice effective single embryo transfer, an effective mechanism for choosing 

the most viable blastocyst for transfer was mandatory.  

 

In previous studies, morphological evaluation of cleavage-stage embryos 

on day 3 following oocyte retrieval had been demonstrated to be an effective 

predictor for embryo implantation potential (29-36). Implantation rates of 40-50% 

had been achieved based upon a combination of cleavage rate and morphologic 

appearance on day 3 just prior to embryo transfer (37, 38). It was logical to 

conclude that a reliable system of morphological evaluation for human blastocysts 

could be an effective approach for the prediction of blastocyst implantation and 
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indeed, prior studies revealed superior implantation rates for blastocysts that had 

attained the stage of hatching (39, 40). Another early report of the morphologic 

evaluation of the blastocysts used mostly subjective criteria (14). A more 

comprehensive attempt to correlate blastocyst morphologic appearance with 

implantation potential also consisted of essentially qualitative subjective 

assessments. In the latter attempt of prediction, the degree of blastocyst 

expansion, the appearance of the inner cell mass (ICM) and the appearance of 

the trophectoderm were used in a combined model to predict implantation. 

However, one of the major limitations to subjective components of a system for 

evaluation is the inherent lack of accuracy and precision, making uniformity of 

assessments among individuals and institutions problematic.  

 

Chapter 5 describes a system for quantitative morphologic blastocyst 

evaluation based upon a statistical assessment of individual morphologic 

parameters.  We correlated the quantitative measures of blastocyst diameter, 

inner cell mass size and shape, and trophectoderm cell number with implantation. 

The criteria found to be predictive of implantation were then used in combination 

with each other to develop a multivariable grading system for the prediction of 

implantation potential. 

 

Oocyte number, oocyte quality, implantation rates, blastulation rates and 

pregnancy rates have been shown to decline significantly with patient age in IVF 

cycles (19, 22, 41-48). Specifically, with blastocyst transfer, older patients had 

lower implantation and pregnancy rates than younger patients in the absence of 

control for embryo quality (46). Whether the mechanism of decline was secondary 
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to decreased development to the blastocyst stage, a decreased rate of 

implantation due to a reduction in blastocyst viability of blastocysts chosen for 

transfer or subsequent development following transfer to the uterus was not clear 

before the writing of this thesis. We therefore assessed this issue in a 

retrospective study presented in Chapter 6. 

 

The relative contribution of the endometrium and embryo quality upon the 

success of IVF had not been quantified by 2005. It had been demonstrated that in 

fresh autologous cycles, blastocysts that expand and are transferred on cycle day 

5 have greater implantation and pregnancy rates than those that expand and are 

transferred on day 6 (49). The reason could be due either to the inherent better 

quality of the day 5 blastocysts or to an endometrial factor where day 5 

blastocysts have a more favorable environment for endometrial implantation than 

day 6 blastocysts.  In fresh cycles, embryos transferred on day 6, are transferred 

into an endometrium that has had a greater duration of exposure to progesterone 

than day 5 embryos. Progesterone exposure has been linked to the timing of 

development of the implantation window and is well known. In Chapter 7, we 

evaluated the relative contribution of the two factors, embryo quality and 

endometrial receptivity, by taking embryos at the same developmental stage 

whether it took 5 or 6 days to reach that stage, and placing them into identically 

prepared endometria. To accomplish this goal, we examined the transfer of 

previously cryopreserved day 5 or day 6 blastocysts in FET cycles, transferred at 

the same time and same endometrial exposure duration to progesterone. We also 

evaluated performance characteristics of embryos from donor IVF cycles where 

the endometrium is prepared independent of the development of the embryos and 
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where embryos are placed into identically prepared endometria but at different 

times of progesterone exposure.  

 

The rate of embryo growth and development has been frequently 

implicated as a factor in predicting implantation and pregnancy (50, 51, 52). The 

reason may lie in both the inherently superior embryo viability of rapidly 

developing embryos and perhaps more importantly through the ability of these 

more advanced embryos to meet the narrow implantation window of fresh 

autologous IVF cycles. To assess the relative contribution of each of these 

potentially important factors, we used multiple logistic regression analysis in 

Chapter 8 to construct a prediction model. The resultant model constructed was 

used to determine if the combined effects of previously described or inferred 

variables are redundant with each other or add predictive information to the 

model.  

 

 

The aim of the thesis 

The aim of this thesis was to answer the following seven questions: 

 

1) What is the predictive value of morphology of day 3 embryos on the subsequent 

development to the blastocyst stage? 

 

2) Is there a difference in the implantation and pregnancy rates between embryos 

that require 5 days to develop to the expanded blastocyst stage and those that 

require 6 days? 
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3) Do patients that have failed to conceive after their first cycle with blastocyst 

transfer cycle have an equal chance of succeeding in subsequent second or third 

cycle with blastocyst transfer cycles? 

 

4) Is there a predictive value to the quantitative measure of blastocyst morphology 

on subsequent implantation and pregnancy rates in an IVF cycle? 

 

5) Is there a relationship of age to the fertilization rate, development to the 

blastocyst stage, and pregnancy rate per transfer in patients undergoing IVF? 

 

6) Is there a difference in the pattern of IVF pregnancy rates among fresh 

autologous, fresh oocyte donor, and cryopreserved cycles using day 5 or day 6 

blastocysts and if so how can it be explained? 

 

7) Can dominant predictors of clinical pregnancy be identified through the 

development of a multiple logistic regression model in fresh autologous IVF cycles 

with blastocyst transfer? 

 

Outline of the thesis 

 

Chapter 2 is the report of a retrospective cohort study that examined the 

predictive value of 72-hour blastomere cell number on subsequent development to 

the blastocyst stage. The study further compared the implantation and pregnancy 

rates of blastocysts based upon their degree of development. The study used chi-
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square tests to compare outcomes among 93 patients undergoing 107 IVF cycles, 

and the development of their 986 bipronuclear oocytes. 

 

Chapter 3 is the report of a retrospective cohort study that compared implantation 

and pregnancy rates between transfers of day 5 blastocysts and day 6 

blastocysts. That study included 183 blastocyst transfers. Potential confounders 

were evaluated using Student’s t-test, while the main outcome measures were 

evaluated with chi-square and Wilcoxon tests. 

 

Chapter 4 is the report of a retrospective cohort study that examined the 

outcomes of 304 patients undergoing 414 blastocyst transfers. Implantation and 

pregnancy rates were compared among those undergoing IVF with blastocyst 

transfer for the first time and those undergoing IVF with blastocyst transfer for the 

second or third time. Pregnancy rates were compared with the chi-square test. 

 

Chapter 5 is the report of a prospective observational cohort study that 

investigated quantitative measures of blastocyst morphology as predictors of 

implantation and pregnancy. The study applied Student’s t-tests and chi-square 

tests to the results of 164 blastocyst transfers involving 356 blastocysts. 

 

Chapter 6 is the report of a retrospective study that examined the relationship 

between patient age and fertilization rate, blastulation rate, and pregnancy rate 

per transfer. The study applied linear and logistic regression to the results of 300 

patients undergoing IVF 
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Chapter 7 is the report of a retrospective cohort study that compared the transfers 

day 5 and day 6 blastocysts in 377 fresh autologous cycles, 106 thawed 

blastocyst transfers, and 56 fresh oocyte donation cycles. In particular, the study 

focused on how the results of these comparisons changed across these various 

types of cycles. 

 

Chapter 8 is the report of a retrospective cohort study that identified the most 

significant set of predictors of clinical pregnancy through the development and 

validation of a multiple logistic regression model based on 580 fresh autologous 

blastocyst transfers.  
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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. 
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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 
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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 

28 



 

 

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.  

 

 

ACKNOWLEDGMENTS 

 

We would like to thank Drs. Martin L. Richter and Marcella A. McClure for their 

assistance in the preparation of this manuscript. 

31 



 

 

 

  

32 



 

 

REFERENCES 
 
1. Seidel GE. Superovulation and embryo transfer in cattle. Science 
1981;211:351-8. 
2. Iritani A.  Current status of biotechnological studies in mammalian 
reproduction.  Fertil Steril 1988;50:543-51. 
3. Paulson RJ, Sauer MV, Lobo RA.  Embryo implantation after human in vitro 
fertilization: importance of endometrial receptivity.  Fertil Steril 1990;53:870-4. 
4. Bolton VN, Wren ME, Parsons JH.  Pregnancies after in vitro fertilization 
and transfer of human blastocysts.  Fertil Steril 1991;55:830-2. 
5. Sakkas D, Jaquenoud N, Leppens G, Campana A.  Comparison of results 
after in vitro fertilized human embryos are cultured in routine medium and in 
coculture on Vero cells: a randomized study.  Fertil Steril 1994;61:521-5. 
6. Scholtes MCW, Zeilmaker GH.  A prospective, randomized study of embryo 
transfer results after 3 or 5 days of embryo culture in in vitro fertilization.  Fertil 
Steril 1996;65:1245-8. 
7. Guerin J-F, Nicollet B.  Interest of co-cultures for embryos obtained by in-
vitro fertilization: a French collaborative study.  Hum Reprod 1997;12:1043-6. 
8. Yaron Y, Ochshorn Y, Amit A, Kogosowski A, Yovel I, Lessing JB.  Oocyte 
donation in Israel: a study of 1001 initiated treatment cycles.  Hum Reprod 
1998;13:1819-24. 
9. Adams CE.  Mammalian Egg Transfer.  Boca Raton, Florida: CRC Press, 
1982. 
10. Jones GM, Trounson AO, Gardner DK, Kausche A, Lolatgis N, Wood C.  
Evolution of a culture protocol for successful blastocyst development and 
pregnancy.  Hum Reprod 1998;13:169-77. 
11. Jones GM, Trounson AO, Lolatgis N, Wood C.  Factors affecting the 
success of human blastocyst development and pregnancy following in vitro 
fertilization and embryo transfer.  Fertil Steril 1998;70:1022-9. 
12. Alves da Motta EL, Alegretti JR, Baracat EC, Olive D, Serafini PC.  High 
implantation and pregnancy rates with transfer of human blastocysts developed in 
preimplantation stage one and blastocyst media.  Fertil Steril 1998;70:659-63. 
13. Rijnders PM, Jansen CAM.  The predictive value of day 3 embryo 
morphology regarding blastocyst formation, pregnancy and implantation rate after 
day 5 transfer following in-vitro fertilization or intracytoplasmic sperm injection.  
Hum Reprod 1998;13:2869-73. 
14. Braude P, Bolton V, Moore S.  Human gene expression first occurs 
between the four- and eight-cell stages of preimplantation development.  Nature 
1988;332:459-61. 
15. Dokras A, Sargent IL, Barlow DH.  Human blastocyst grading: an indicator 
of developmental potential.  Hum Reprod 1993;8:2119-27. 
16. Ben-Chetrit A, Jurisicova A, Casper RF.  Coculture with ovarian cancer cell 
enhances human blastocyst formation in vitro.  Fertil Steril 1996;65:664-6. 
17. Desai N, Kinzer D, Loeb A, Goldfarb J.  Use of synthetic serum substitute 

the blastocyst stage.  Hum Reprod 1997;12:328-35. 
18. Gardner DK, Vella P, Lane M, Wagley L, Schlenker T, Schoolcraft WB.  
Culture and transfer of human blastocysts increases implantation rates and 
reduces the need for multiple embryo transfers.  Fertil Steril 1998;69:84-8. 

33 

and alpha-minimum essential medium for the extended culture of human embryos to 



 

 

19. Gardner DK, Schoolcraft WB, Wagley L, Schlenker T, Stevens J, Hesla J.  
A prospective randomized trial of blastocyst culture and transfer in in-vitro 
fertilization.  Hum Reprod 1998;13:3434-40. 

 

34 



 

Chapter 3 

 

A comparison of day 5 and day 6 blastocyst transfers 

 

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

Daneshmand, M.D.  

 

Fertility and Sterility, 2001;75:1126-1130. 

 



 

 

Abstract 
 
Objective:  To compare implantation and pregnancy rates according to the day of 

embryo transfer (day 5 or 6 post oocyte retrieval) when transfer was postponed 

until expanded blastocysts developed.   

Design:  Retrospective clinical study. 

Setting:  Private ART center. 

Patient(s):  One-hundred and eighty-three women undergoing blastocyst stage 

embryo transfer following in-vitro fertilization. 

Intervention(s):  Bipronucleate oocytes were grown for up to 144 hours and 

subsequently transferred only when at least one embryo attained the expanded 

blastocyst stage. 

Main Outcome Measure(s): Implantation and pregnancy rates. 

Result(s): Blastocysts transferred on day 5 implanted at nearly twice the rate of 

blastocysts transferred on day 6 (36.3% versus 19.0%).  Pregnancy rates were 

also almost twice as high among the day 5 transfer patients (59.3% versus 

32.3%).  In addition, more blastocysts developed (3.6 versus 2.4), and more were 

transferred (2.7 versus 2.3) to the day 5 transfer patients, although the proportion 

of expanded blastocysts among the blastocysts that were transferred was the 

same for the two groups (91.7% versus 93.6%). 

Conclusion(s): Embryos that develop to the expanded blastocyst stage and are 

transferred on day 5 post retrieval are approximately twice as likely to implant 

compared to those for which expansion and transfer are delayed until day 6.
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INTRODUCTION 

Commercial availability of sequential culture media capable of supporting the 

growth of healthy blastocyst stage embryos (1-6) has led to an increase in the 

practice of blastocyst stage embryo transfer following in-vitro fertilization (IVF) 

during the past few years.  Blastocyst transfers have been shown to be associated 

with significantly higher implantation rates compared to earlier transfers of 

cleavage-stage embryos (4, 5, 7, 8).  The higher rates associated with blastocyst 

transfers when compared to cycle day 3 transfers may be due to better 

synchronization between the transferred embryos and the endometrium, an 

improved ability to identify the hardiest embryos, or a combination of both factors.  

Increased implantation rates enable physicians to maintain good pregnancy rates 

while transferring fewer embryos, thus reducing the risk of multiple and especially 

high-order multiple pregnancies.  

 

Identifying characteristics of blastocysts that are associated with implantation 

potential will help refine the procedure of selecting blastocysts for transfer, making 

this technique even more effective and predictable.  We suspected that the rate of 

development to the expanded blastocyst stage might be associated with 

implantation potential, as developmental rates of younger cleavage stage embryos 

have been shown to be related to viability (9-13).  Blastocysts not developing until 

day 7 or 8 post retrieval have been reported to be much less viable than those 

developing by day 5 or 6 (14).  The success of embryo transfers on day 5 or 6 has 

been shown to be associated with the degree of blastocyst development at the 

time of transfer (1, 13, 15-17).  One recent report involving a small number of 

patients found higher rates of implantation and pregnancy when transferring 
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embryos on day 5 compared to day 6, suggesting that viability may be higher for 

faster developing embryos (18). 

 

However, it remains unclear from these studies whether a blastocyst that expands 

on day 6 is as viable as one that expands on day 5, or if a one day delay in 

expansion is in itself an indication of inferior viability.  The purpose of the present 

study is to compare the implantation and pregnancy rates between embryos 

requiring 5 days to develop to the expanded blastocyst stage compared to 

embryos requiring 6 days. 

 

MATERIALS AND METHODS 

 

Patients 

 

All patients undergoing fresh, non-donor IVF and embryo transfer on day 5 or 6 at 

a private assisted reproductive technology center between December 1997 and 

April 2000 were included in the analysis.  During this time all patients being 

treated with IVF at the center had only blastocysts (embryos developed at least to 

the cavitation stage) transferred.  No screening process was used to select 

patients for inclusion in the study.  For patients undergoing more than one day 5 

or day 6 transfer during the study period, only the first transfer was included in the 

analysis.  Institutional review board approval was not required due to the 

retrospective nature of this study. 
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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. 

 

IVF and Embryo Culture 

 

Fertilization was performed 3-6 hours after retrieval in either P1 media (Irvine 

Scientific, Irvine, California) or Q1 media (In Vitro Care, San Diego, California) 

with either ICSI or conventional insemination as appropriate for the presence or 

absence of male factor.  At 24 hours post retrieval normal fertilization was 

confirmed by the presence of two pronuclei.  Embryos were cultured in P1 media 

with Vero-cell coculture through December 1998.  Beginning in January 1999 

embryos were cultured in P1/Blastocyst media, Q1/Q3, or other sequential 

blastocyst culture media. 

 

Embryos were 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 and similar morphology were cultured together in groups of 

one to four per culture dish. 
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Embryo Transfer 

 

Only blastocyst stage (at least cavitating) embryos were transferred to patients.  

Embryo transfers were conducted when at least one blastocyst expanded 

sufficiently to identify a distinct inner cell mass within a well-developed blastocoel 

filling the embryo.  As a result, embryos were transferred on either day 5 or day 6 

post oocyte retrieval according to their rate of development.  One to four embryos 

were transferred per patient, depending on the number and quality of the 

blastocysts available and the desires of the patients.  Excess blastocysts that 

appeared to be viable were cryopreserved.  Clinical pregnancies, and the 

numbers of implantations, were determined by detection of fetal heart motion by 

transvaginal ultrasound examination at 6-8 weeks gestation. 

 

Statistical Analysis 

 

Patient age, the number of oocytes retrieved, the percentage of oocytes fertilized, 

the number of embryos developing to the blastocyst stage, and the number of 

embryos transferred were compared between patients receiving transfers on day 

5 and those receiving transfers on day 6 using unpaired t-tests.  Blastocyst 

formation rates per fertilized oocyte, the percentage of transferred blastocysts that 

were expanded (with a well developed blastocoel and clearly visible inner cell 

mass) at the time of transfer, and per-patient implantation rates were compared by 

Mann-Whitney U test because of the non-normal nature of the distributions of 

these variables.  The percentage of patients for whom all transferred embryos 
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were expanded, the percentage of patients having excess embryos available for 

cryopreservation, the percentage of patients achieving clinical pregnancy, and the 

percentages of multiple and triplet pregnancies were compared between the two 

 

Implantation and pregnancy rates were also compared between day 5 and day 6 

transfers subdivided according to whether or not all embryos were expanded at 

the time of transfer. 

 

RESULTS 

 

Table 1 summarizes the comparisons of IVF statistics between day 5 and day 6 

transfer patients.  Day 5 transfers were significantly more common than day 6 

transfers.  A total of 118 patients were treated with day 5 blastocyst transfer, and 

65 were treated with day 6 transfer, during the study period. 

 

The average patient age was nearly identical between the patients receiving day 5 

transfer and those receiving day 6 transfer (33.6 versus 33.3).  Similar numbers of 

oocytes were retrieved (16.5 versus 15.3), and a similar percentage of these 

oocytes were fertilized normally (61.8 versus 59.2), between both groups of 

patients. 
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Table 3-1:  Summary statistics for cycles of in-vitro fertilization with blastocyst 
transfer, compared between transfer on either day 5 or day 6 post oocyte retrieval. 

Variable Day 5 transfer Day 6 transfer p-value 

Number of cycles 118 65 <0.001 

Age (years)a 33.6 ± 4.3 33.3 ± 4.4 NS 

Oocyte number a 16.5 ± 7.3 15.3 ± 7.3 NS 

Fertilization (%)a 61.8 ± 18.1 59.2 ± 18.7 NS 

Blastocyst number a 3.6 ± 1.9 2.4 ± 1.4 <0.0001 

Blastocyst formation (%)b 41.0 (37.5) 35.8 (26.8) 0.0027 

Number transferred a 2.7 ± 0.8 2.3 ± 1.1 0.0025 

Transfers of expanded blastocysts onlyc 96/118 (81.4) 55/65 (84.6) NS 

Blastocysts expanded at the time of transfer (%)b 91.7 (100) 93.6 (100) NS 

Cryopreservation of excess embryosc 37/118 (31.3) 6/65 (9.2) <0.001 

Implantation (%)b 36.3 (33.3) 19.0 (0) 0.0006 

Pregnancyc 70/118 (59.3) 21/65 (32.3) <0.001 

Multiple pregnancyc 37/70 (52.8) 5/21 (23.8) 0.019 

Triplet pregnancyc 11/70 (15.7) 0/21 (0.0) 0.052 

a
 Values are means plus or minus one standard deviation. 

b
 Values are means, with medians in parentheses. 

c
 Values are proportions, with percentages in parentheses. 

 

However, the numbers of blastocysts formed (3.6 versus 2.4) and per-embryo 

rates of blastocyst formation (median 37.5 versus 26.8) were both significantly 

higher for the patients undergoing day 5 transfers compared to those receiving 

day 6 transfers.  The higher blastocyst formation rate resulted in the transfer of 

significantly greater numbers of embryos to the day 5 transfer patients (2.7 versus 

2.3), who were also several times more likely to have excess embryos available 

for cryopreservation (31.3% versus 9.2%).  Despite differences in the availability 

of blastocysts for transfer, neither the percentage of patients for whom all 

transferred blastocysts were expanded (81.4 versus 84.6) nor the percentage of 
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expanded blastocysts among those blastocysts transferred (91.7 versus 93.6) 

differed with the day of transfer.   

 

Blastocysts transferred on day 5 implanted at nearly twice the rate of blastocysts 

transferred on day 6 (36.3% versus 19.0%).  Pregnancy rates were also almost 

twice as high among the day 5 transfer patients (59.3% versus 32.3%).  Multiple 

pregnancies were more than twice as common for day 5 compared to day 6 

transfers (52.8% versus 23.8%).  Eleven (15.7%) of the day 5 transfer 

pregnancies were triplets, while there were no triplet pregnancies after day 6 

transfers. 

 

Table 2 provides a breakdown of implantation and pregnancy rates among the day 

5 and day 6 transfer groups according to whether or not all embryos had reached 

the expanded blastocyst stage by the time of transfer.  Significantly greater 

numbers of embryos were transferred in mixed cohorts than in cohorts of all-

expanded blastocysts for both transfer days.  There were no significant 

differences between all-expanded and mixed cohorts in either implantation or 

pregnancy rates.  Among those cycles for which all embryos were expanded 

blastocysts at the time of transfer, implantation rates (37.4% versus 20.6%) and 

pregnancy rates (58.3% versus 34.5%) were both significantly higher for day 5 

compared to day 6 transfers.  Among transfers of mixed cohorts, both implantation 

(31.4 versus 10.0%) and pregnancy rates (63.6 versus 20.0%) were more than 

three times higher for day 5 compared to day 6 transfers. 
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Table 3-2: Comparison of implantation and pregnancy rates of day 5 and day 6 
transfers, subdivided between patients receiving only expanded blastocysts and 
those receiving mixed transfers of expanded and unexpanded blastocysts. 

 Day 5 transfer Day 6 transfer 

 All expanded a Mixed (56% exp.) b All expanded a Mixed (58% exp.) b 

Number of cycles 96 22 55 10 

Number of embryos c 2.6 ± 0.9 3.1 ± 0.7 2.1 ± 1.0 3.1 ± 0.7 

Implantation (%) 37.4 31.4 20.6 10.0 

Pregnancy d 56/96 (58.3) 14/22 (63.6) 19/55 (34.5) 2/10 (20.0) 

Multiple pregnancy d 31/56 (55.4) 6/14 (42.8) 4/19 (21.0) 1/2 (50.0) 

Triplet pregnancy d 9/56 (16.1) 2/14 (14.3) 0/19 (0.0) 0/2 (0.0) 

a
 Day 5 transfers of all expanded blastocysts resulted in significantly higher implantation (p = 

0.0038) and pregnancy rates (p = 0.0049) compared to day 6 transfers of all expanded embryos. 
b
 Day 5 transfers of mixed cohorts resulted in significantly higher implantation (p = 0.042) and 

pregnancy rates (p = 0.022) compared to day 6 transfers of mixed cohorts. 
c
 Values are means plus or minus one standard deviation.  Fewer embryos were transferred in all 

expanded cohorts compared to mixed cohorts for both day 5 (p = 0.017) and day 6 (p = 0.0058) 
transfers. 
d
 Values are proportions, with percentages in parentheses. 

 

 

Implantation rates for embryos transferred as unexpanded blastocysts could not 

be determined directly, as these embryos were always transferred in cohorts 

including at least one expanded blastocyst.  However, the implantation rates for 

these embryos could be calculated indirectly under the assumption that the 

implantation rate of expanded blastocysts in the mixed cohorts was the same as 

the implantation rate of blastocysts in all-expanded cohorts for the corresponding 

day of transfer (37.4% for day 5 transfer and 20.6% for day 6 transfer).  This 

method suggested that unexpanded blastocysts transferred on day 5 implanted at 

a rate of approximately 24%.  This method also revealed that implantations of 

expanded blastocysts could account for all implantations occurring among 

transfers of mixed cohorts on day 6, indicating that transfers of unexpanded 

blastocysts on day 6 may not have resulted in any implantations. 
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DISCUSSION 

 

These results suggest that patients for whom blastocysts do not develop and 

expand until day 6 represent a subgroup of infertility patients having relatively poor 

embryo quality.  Approximately one-third of the patients treated at this fertility 

center during the study period had embryos that did not develop to the expanded 

blastocyst stage by day 5, and were consequently not transferred, until day 6 

following oocyte retrieval.  These patients were similar in age, provided as many 

oocytes, and had as many of these oocytes fertilized as patients with blastocyst 

expansion by day 5.  However, day 6 transfer patients, in addition to their delayed 

embryonic development, had an overall smaller percentage of fertilized eggs 

reaching the blastocyst stage at all, suggesting lower quality among entire embryo 

cohorts of such patients.  When transferred, blastocysts not expanding until day 6 

were also much less likely to implant compared to those expanding by day 5, 

resulting in much higher pregnancy, multiple pregnancy and triplet pregnancy 

rates among the day 5 transfer patients.  Unlike most studies examining success 

rates of blastocyst transfers, we have demonstrated these differences among an 

unselected group of IVF patients, rather than a select subgroup of patients 

responding well to stimulation and IVF treatment as reported elsewhere (16, 18, 

19). 

 

One recent report (18) also comes to the conclusion that embryos that develop to 

the (late) blastocyst stage on day 5 have a higher implantation potential than 

those that do not reach this stage until day 6.  This conclusion is based on a two-

fold difference in implantation rates between day 5 and day 6 transfers similar to 
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the one we found.  Unfortunately, the method by which they assigned patients to 

either day 5 or day 6 transfer is unclear.  In the discussion they imply that day 5 

transfers were conducted on patients whose embryos developed at a faster rate.  

In contrast, they state in the introduction that they altered their protocol from 

conducting transfers on day 5 to day 6 after the first few months of the study.  If 

the latter is the case, differences in viability associated with developmental rate 

cannot explain the differences they observed between day 5 and day 6 transfers. 

 

It has previously been shown that embryos undergoing more rapid growth through 

cycle day 3 following oocyte retrieval are more likely to implant if transferred at 

that stage (9-13), and more likely to continue development to the blastocyst stage 

when cultured for a more extended period in the laboratory (16, 17, 20).  We have 

previously demonstrated that implantation rates following blastocyst transfer (on 

day 5 or 6) are approximately twice as high when all transferred blastocysts in a 

cohort are expanded compared to transfers of cohorts including less developed 

blastocysts (17).  Other studies that have examined implantation rates according 

to the developmental stage of embryos transferred on day 5 have also found 

roughly two-fold differences in implantation rates between blastocysts that are 

expanding at this time and those whose developmental pace is approximately a 

day behind (13, 15).  These reports and the current study all suggest that embryos 

that lag a day behind the normal rate of development are approximately half as 

likely to be viable compared to blastocysts that expand on day 5.   

 

We suspect that this difference in embryo viability associated with the timing of 

blastocyst expansion may be primarily responsible for the difference observed 

between patient groups in a recent report (19) of the use of a newly devised 
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blastocyst grading system (21).  In this study, patients were grouped according to 

the number (from zero to two) of "top-quality" embryos transferred on day 5.  Top 

quality embryos were defined as full blastocysts (with a blastocoel completely 

filling the embryo) with a good inner cell mass (tightly packed, many cells) and a 

good trophectoderm (many cells forming a cohesive epithelium).  Their distinction 

between optimal and sub-optimal expansion is essentially the same distinction we 

make in our current study between patients receiving transfers on day 5 or 6, the 

only difference being that they conducted all transfers on day 5, while we delayed 

transfer until day 6 for patients with slower developing embryos.   

 

The differences they observed between patients receiving one or two top-quality 

embryos (which we would have transferred on day 5) and those receiving no "top-

quality" embryos were very similar in magnitude to differences we found between 

our day 5 and day 6 transfers, and to differences that have been found in transfers 

(on day 5 or 6) according to developmental stage (13, 15, 17).  Therefore, 

developmental rate alone, without the inner cell mass or trophectoderm scores, 

may account for the differences they found.  Unfortunately, they did not subdivide 

the non-top-quality embryos into those placed in this category because of slow 

development and those with sub-optimal inner cell mass or trophectoderm 

characteristics.  As a result it is impossible to independently evaluate the relative 

importance of developmental rate, inner cell mass score, and trophectoderm score 

on the implantation potential of embryos.   

 

There is little convincing evidence to date that any characteristic other than the 

rate of development to the blastocyst and expanded blastocyst stages has any 
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predictive value for human blastocyst implantation.  One report indicates 

decreased implantation with the transfer of human blastocysts with several 

degenerative foci in the inner cell mass (22).  Another study suggests that the 

pronuclear morphology of zygotes could help identify blastocysts with higher 

implantation potential (23).  A study involving mouse embryos suggests that cell 

number (particularly inner cell mass cell number) may also be an important 

indicator of viability (24).  The use of complex blastocyst grading systems 

incorporating measures of the inner cell mass, trophectoderm, and other 

characteristics may therefore be premature and unwarranted at this time.  The 

development of a valid complex grading system will require careful analysis of the 

independent effects of other characteristics that may be related to the implantation 

potential of human blastocyst stage embryos. 

 

The advantage of blastocyst stage embryo transfer is the ability to transfer fewer 

embryos of higher quality, thus eliminating the potential of higher order multiples 

while maintaining high rates of pregnancy per transfer.  The current study offers 

another variable, the time to blastocyst expansion, as a consideration in selecting 

embryos more likely to implant and in determining the proper number of embryos 

to transfer in an effort to reduce the number of multiples while maximizing 

pregnancy rates.   
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Abstract 

Objective: To compare the outcome of second and third cycles of in vitro 

fertilization with blastocyst transfer to the outcome of first attempts at IVF with 

blastocyst transfer. 

Design: Retrospective study. 

Setting: Private ART center. 

Patient(s): Three hundred and four patients undergoing treatment with in vitro 

fertilization with blastocyst transfer, eighty seven of which underwent at least one 

cycle of retreatment after failing to achieve pregnancy in their first cycle. 

Intervention(s): Bipronucleate oocytes were grown for up to 144 hours and 

subsequently transferred when at least one embryo attained the expanded 

blastocyst stage. 

Main Outcome Measure(s): Pregnancy and implantation rates. 

Result(s): Pregnancy rates per retrieval were significantly higher for patients 

undergoing their first cycle of in-vitro fertilization with blastocyst transfer (36%) 

compared to those undergoing their second (19%) or their third (9%) cycles of 

treatment.  Implantation rates per embryo were also higher for first cycles of in-

vitro fertilization with blastocyst transfer (30%) compared to second (18%) or third 

cycles (8%). 

Conclusion(s): Pregnancy and implantation rates decline dramatically in repeated 

cycles of in-vitro fertilization with blastocyst transfer following one or more 

unsuccessful cycles of in-vitro fertilization with blastocyst transfer. 
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INTRODUCTION 

 

Most studies of repeated attempts of IVF have found little or no decline in 

pregnancy rates as the number of attempted treatment cycles increases (1-9).  

Pregnancy rates have been reported to be as high, or nearly so, for patients 

undergoing treatment after three or more failed IVF cycles as they are for patients 

making their first attempt at IVF treatment.  It has been suggested that this stability 

in pregnancy rates with cycle number indicates low heterogeneity among the IVF 

patient population (8), the implication being that success in any given cycle is 

primarily the "luck of the draw" and has little to do with the characteristics of the 

patient being treated.  However, this view is contradicted by studies of IVF 

patients undergoing another IVF cycle after a previously successful cycle.  

Patients who have had a previous IVF success have been found to be significantly 

more likely to achieve pregnancy in another IVF cycle as compared to those with a 

previous IVF failure (10, 11). 

 

Apparently, in any given cycle, the conventional transfer of embryos by day 3 is 

able to achieve pregnancy in only a small subset of those patients able to 

conceive through this method of treatment.  As the technology is refined and IVF 

treatment becomes more effective per cycle, a greater proportion of the potentially 

successful patients should be able achieve pregnancy in their first attempt.  

Concomitantly, declines in pregnancy rates per cycle with increasing numbers of 

previously failed attempts should become more dramatic as more "good 

prognosis" patients achieve pregnancy in earlier cycles and are therefore culled 

out of the remaining pool. 
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Higher rates of implantation and pregnancy have recently been achieved with the 

emerging technology of blastocyst transfer (12-18).  If blastocyst transfer is a more 

reliable way of achieving pregnancy among potentially successful IVF patients, 

then there should be a more rapid decline in success rates with each successive 

cycle attempt after previously failed attempts.  An earlier report of repeated cycle 

attempts using IVF with  blastocyst transfer noted nearly 50% declines in 

implantation rates in the third and forth cycles compared to the first and second 

cycles (19).  In the current study we retrospectively compared IVF cycle 

characteristics and pregnancy rates according to cycle attempt number for 

patients undergoing exclusively blastocyst stage embryo transfer. 

 

MATERIALS AND METHODS 

 

All cycles of fresh non-donor IVF between October 1997 and August 2000 were 

included in the analysis.  Since October of 1997, all embryos were cultured to the 

blastocyst stage prior to transfer on day 5 or 6 post retrieval.  Institutional review 

board approval was not required due to the retrospective nature of this study. 

 

Ovarian stimulation, oocyte retrieval and fertilization, and embryo culture were as 

previously described (20).  Only blastocyst stage (at least cavitating) embryos 

were transferred to patients.  Embryo transfers were conducted when at least one 

blastocyst expanded sufficiently to identify a distinct inner cell mass (ICM) within a 

well-developed blastocoel filling the embryo, which occurred on day 5 or day 6 

post oocyte retrieval.  One to four embryos (no more than three since February 

54 



 

 

2000) were transferred per patient.  Transfers of more than two embryos were 

only conducted when embryo quality was poor, or in accordance with patient 

preference after detailed discussion of the risks of multiple pregnancy.  Clinical 

pregnancies, and the numbers of implantations, were determined by detection of 

fetal heart motion by transvaginal ultrasound examination at 6-8 weeks gestation. 

 

Each cycle of ovarian stimulation was considered to be an attempt.  First attempts 

by all IVF patients were compared to all second and third attempts (except those 

by 4 patients achieving clinical pregnancy in their first cycle who attempted a 

second pregnancy).  Cycle statistics were compared by chi-square or t-test as 

appropriate.  Comparisons were also made between first and second cycles 

among the subset of patients undergoing more than one cycle of treatment to 

determine the extent to which characteristics of earlier cycles are predictive of the 

outcomes of later cycles.  For these comparisons, all second and third attempts 

made by IVF patients were included, regardless of the pregnancy outcome in the 

first cycle. 

 

RESULTS 

 

All Patients 

 

During the study period 304 patients were treated with fresh non-donor IVF.  

Eighty-seven patients underwent a second cycle of treatment after failing to 

achieve clinical pregnancy in their first attempt, and 23 of these underwent a third 

cycle of treatment.  There were fewer endometriosis patients (12% vs 21%, p = 

0.035) and more tubal factor patients (44% vs 34%, p = 0.11) in first compared to 

55 



 

 

second cycles.  The remaining diagnoses were present in similar proportions in 

the first and second cycles: male factor  (25%), unexplained infertility (10%), 

anovulation (5%), and uterine factor (4%). 

 

Summary statistics of IVF cycles grouped by attempt number are shown in Table 

4-1.  Fertilization rates were significantly higher for first attempts (60% per oocyte) 

compared to second (53%, p < 0.05) and third attempts (47%, p < 0.05).  In cycles 

with fertilization, first cycles were also significantly more likely to result in at least 

one transferable blastocyst compared to second cycles (79% vs 65%, p < 0.05).  

Pregnancy rates per retrieval declined rapidly with an increasing number of 

treatment attempts (36% for first, 19% for second (p < 0.01 vs first), and 9% for 

third (p < 0.05 vs first)).  Similar declines occurred for pregnancy rates per transfer 

(50% for first, 31% for second (p < 0.05 vs first), and 18% for third (p < 0.05 vs 

first)).  Implantation rates also declined dramatically in repeated attempts (30% for 

first, 18% for second (p < 0.05 vs first), and 8% for third (p < 0.05 vs first)). 
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Table 4-1: Summary cycle statistics for according to attempt number. 

 1
st
 cycle 2

nd
 cycle 3

rd
 cycle 

Number of stimulations begun 304 87 23 

Patient age (years) 34.1 ± 4.6 33.8 ± 4.5 32.0 ± 4.9 

Retrievals per stimulation (%) 261/304 (85.8) 75/87 (86.2) 22/23 (95.6) 

Number of oocytes per retrieval 14.7 ± 7.1 14.6 ± 7.8 13.4 ± 8.7 

Cycles with fertilization (%) 236/261 (90.4) 69/75 (92.0) 18/22 (81.8) 

Number of fertilized (2pn) oocytes 9.0 ± 5.1 7.6 ± 4.6 7.6 ± 6.4 

Fertilized (2pn) oocytes (%) 60.0 ± 19.8 53.0 ± 20.4
a
 47.0 ± 17.5

a
 

Cycles with blastocyst formation (%) 187/236 (79.2) 45/69 (65.2)
a
 11/18 (61.1)

b
 

Number of blastocysts 3.2 ± 1.9 2.8 ± 1.9 3.0 ± 1.9 

Blastocysts per 2pn embryo (%) 37.8 ± 19.8 38.9 ± 32.3 51.1 ± 34.8 

Number transferred 2.5 ± 0.9 2.7 ± 1.5 2.5 ± 1.0 

Transfers on day 5 (%) 117/187 (62.6) 28/45 (62.2) 8/11 (72.7) 

Pregnancies per retrieval (%) 94/261 (36.0) 14/75 (18.7)
c
 2/22 (9.1)

a
 

Pregnancies per transfer (%) 94/187 (50.3) 14/45 (31.1)
a
 2/11 (18.2)

a
 

Implantation rate per embryo (%) 30.1 18.0
a
 7.6

a
 

Note:  Values are means ± one standard deviation, or proportions with 
percentages in parentheses. 
a Significant difference compared to 1st cycle, p < 0.05. 
b P =  0.074 versus first 1st cycle. 
c Significant difference compared to 1st cycle, p < 0.01. 
 

Retreated Patients 

 

Comparisons between first and second cycles among the subset of 91 patients 

(four of whom underwent retreatment after a clinical pregnancy in their first cycle) 
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undergoing retreatment revealed similarities between first and subsequent 

attempts.   

Regression analysis revealed a strong positive correlation between the number of 

oocytes retrieved in the first cycle and the number of oocytes retrieved in the 

second cycle (Figure 1A, p < 0.0001).  There was also a significant correlation 

between the percentage of oocytes fertilized in the first cycle and the percentage 

of oocytes fertilized in the second cycle (Figure 1B, p = 0.019).  The percentage of 

2pn oocytes developing to the blastocyst stage was not significantly related 

between first and second attempts (Figure 1C, p = 0.28).  There was a significant 

correlation between the total number of blastocysts formed in the first cycle and 

the number formed in a subsequent second cycle (Figure 1D, p = 0.020).   

 

To determine whether failure to produce blastocysts in one cycle is indicative of 

patients who are less likely to produce blastocysts in a subsequent cycle, the 

proportion of patients producing transferable blastocysts in their second cycle was 

compared between patients who produced such blastocysts in their first cycle and 

those who did not.  Forty of the 91 patients undergoing repeated cycles of 

treatment produced transferable blastocysts in their first cycle, and of these 25 

(62.5%) also produced transferable blastocysts in their second cycle.  Of the 51 

patients undergoing retreatment who did not produce transferable blastocysts in 

their first cycle, only 22 (43.1%) produced transferable blastocysts in their second 

cycle, a nearly significant difference compared to patients who produced 

blastocysts in their first cycle (p = 0.056).  Pregnancy rates per second stimulation 

were nearly three times greater for patients who had blastocysts in their first cycle 
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compared to those without blastocysts in their first cycle (27.5% vs 9.8%, p = 

0.028). 

 

Thirty-three patients had blastocysts transferred in two different treatment cycles.  

Comparisons were made among these patients to determine whether the time to 

blastocyst expansion (as indicated by the day of transfer) in one cycle is predictive 

of the time to blastocyst expansion in subsequent cycles.  Twenty-two of these 

patients had embryos transferred on day 5 for their first transfer, and of these 16 

(72.7%) also had embryos transferred on day 5 (rather than day 6) for their 

second transfer.  Of the 11 patients who received transfers on day 6 for their first 

transfer, four (36.4%) had embryos transferred on day 5 for their second transfer, 

while seven (63.6%) again had transfers on day 6.  The difference in the 

proportion of patients receiving day 5 as opposed to day 6 transfer between these 

two groups of patients was significant (p = 0.044). 

 

DISCUSSION 

 

These results reveal dramatic declines in success rates in retreatment cycles of 

IVF after only a single previous unsuccessful attempt when blastocyst transfer is 

employed.  Large declines also occurred from the second to third cycles, although 

too few patients made a third attempt to demonstrate statistical significance for 

this trend. 

 

The observed declines in success rates with repeated cycles of IVF with 

blastocyst transfer are in sharp contrast to previous reports of embryo transfers by 
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cycle day 3.  Some studies using cycle day 3 transfer have found no evidence for 

declining pregnancy rates in retreatment cycles, even after four or more previous 

failures (1-3, 6).  Other studies suggesting a possible decline in pregnancy rates 

with retreatment using cycle day 3 transfer show much less dramatic declines than 

we observed (4, 5, 7-9, 21, 22), and declines were often not observed until after 

two or more failed attempts (4, 8, 21, 22).  Only one study provides convincing 

evidence of a significant, although very modest (16.0 versus 14.4), decline in 

pregnancy rates after a single unsuccessful IVF attempt (7).  

 

The large decline in success rates with retreatment observed in the current study 

contradicts the idea of homogeneity among the patient population.  A possible 

explanation for the constancy of pregnancy rates in successive IVF cycles 

reported by previous studies may be that pregnancy rates were too low to achieve 

pregnancy in more than a small proportion of patients capable of pregnancy 

through each IVF cycle.  This explanation is supported by relatively low pregnancy 

rates in these studies (10 to 15 percent) compared to the 36% per first retrieval 

rate observed in the current study (1, 2, 4, 6, 21, 22). 
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Figure 4-1: Scatterplots with linear regression comparing numbers of oocytes 
retrieved (A, R2 =  0.42, P<0.0001), percentages of oocytes fertilized (B, R2 = 
0.012, P=0.019), blastocyst formation rates per 2pn embryo (C, R2 = 0.05, 
P=0.28), and total numbers of blastocysts produced (D, R2 = 0.22, P=0.020) 
between first and second cycles. 
 

 

We suggest that the rapid decline in pregnancy rates with retreatment observed in 

the current study is indicative of an improved ability to achieve pregnancy in a 

single cycle for those patients capable of IVF pregnancy.  This results in a more 

rapid selective depletion of viable candidates in the remaining pool than that seen 

in previous studies of day 3 transfer patients.  As further refinements are made to 

culturing methods and the ability to identify viable embryos improves, pregnancy 

rates are likely to increase further, magnifying differences between first and 

subsequent cycles. 
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Fertilization rates were also lower in second cycles, and a smaller proportion of 

retreatment cycles had blastocysts available for transfer.  Another study also 

noted a decline in the proportion of cycles with blastocyst formation in successive 

cycles of treatment (19).  These differences, along with differences in pregnancy 

and implantation rates, suggest that patients undergoing retreatment after an 

initial failure produce poorer quality eggs and embryos on average compared to 

patients undergoing their first cycle of treatment.  Some studies of retreatment 

cycles using oocyte donors suggest that endometrial receptivity may also be a 

factor in declining success rates associated with retreatment cycles (23, 24). 

 

Comparisons between retreatment cycles among the patients undergoing multiple 

cycles of treatment show that the characteristics of earlier cycles have some 

predictive value for the outcome of subsequent cycles.  Oocyte retrieval and 

fertilization rates in repeat cycles are correlated to rates in earlier cycles.  There is 

also an association between the time to blastocyst expansion in the first cycle and 

the time to expansion in the second cycle.  Faster development to the blastocyst 

and expanded blastocyst stages has been shown to be associated with greater 

embryo viability  (12, 15, 18, 20, 25, 26).  Patients failing to produce any 

transferable blastocysts in their first cycle are much less likely to achieve 

pregnancy in subsequent cycles compared to those with blastocysts in their first 

cycles.  These similarities in outcomes for repeated cycles of treatment can be 

used to counsel patients concerning their prospects for future success after one or 

more failed IVF attempts. 
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Abstract 

Objective:  To investigate the predictive value of quantitative measurements of 

blastocyst morphology on subsequent implantation rates following transfer.   

Design:  Prospective observational study. 

Setting:  Private ART center. 

Patient(s):   One hundred seventy four IVF patients receiving transfers of 

expanded blastocyst-stage embryos on day 5 (n = 112) or day 6 (n = 62) after 

oocyte retrieval. 

Intervention(s):  None. 

Main Outcome Measure(s):  Blastocyst diameter, number of trophectoderm cells, 

inner cell mass (ICM) size, ICM shape, implantation and pregnancy rates. 

Result(s): Blastocyst diameter and trophectoderm cell numbers were unrelated to 

implantation rates.  Day-5 expanded blastocysts with ICMs greater than 4,500 µm2 

implanted at a higher rate than those with smaller ICMs (55% vs. 31%).  Day-5 

expanded blastocysts with slightly oval ICMs implanted at a higher rate (58%) 

compared to those with either rounder ICMs (7%) or more elongated ICMs (33%).  

Implantation rates were highest (71%) for embryos with both optimal ICM size and 

shape.  Pregnancy rates were higher for day 5 transfers of optimally shaped ICMs 

compared to day 5 transfers of optimally sized ICMs. 

Conclusion(s): Quantitative measurements of the inner cell mass are highly 

indicative of blastocyst implantation potential.  Blastocysts with relatively large 

and/or slightly oval inner cell masses are more likely to implant than other 

blastocysts. 
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INTRODUCTION 

 

The practice of growing and transferring blastocyst-stage rather than younger 

embryos (day 3 post oocyte retrieval or earlier) has become more common in the 

field of IVF with the development of sequential culture media capable of 

maintaining healthy growth past the third day of development (1-4).  The higher 

rates of implantation and pregnancy associated with the transfer of blastocyst-

stage embryos compared to earlier cleavage stage embryos (2, 3, 5-7) have led 

many fertility centers to adopt this procedure for some or all of their IVF patients.  

Determination of characteristics of blastocyst stage embryos that are indicative of 

viability will further improve the ability to distinguish those embryos more likely to 

implant.  Improvements in the ability to identify the most viable embryos will allow 

high pregnancy rates to be maintained with the transfer of fewer embryos (ideally 

only one), reducing the potential for multiple pregnancies. 

 

A variety of characteristics are known to be indicative of the viability of human 

embryos that are no more than three days old.  First polar body morphology (8), 

pronuclear morphology (9-11), cleavage rate (12-19), blastomere size and shape 

(15, 17), cellular fragmentation (13, 15, 17, 18, 20), blastomere multinucleation 

(21-23), and zona thickness variation (22) are among the features which have 

been shown to be related to implantation rates for IVF embryos transferred within 

three days.  Implantation rates as high as 40-50% have been achieved with 

transfers of "top quality" day 3 embryos (24, 25), as defined by a combination of 

several different morphological criteria (rapid cleavage rate, low fragmentation, 

and lack of multinucleated blastomeres), each of which has individually been 
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shown to be predictive of implantation.  In addition, metabolic measurements such 

as pyruvate uptake by embryos (26) and production of platelet-activating factor 

(27, 28) have been shown to be related to cleavage-stage embryo viability.   

 

The higher degree of differentiation of blastocysts, and the fact that the newly 

formed embryonic genome has only just begun to function by day 3 (29), suggest 

that features not visible until the blastocyst stage may be more useful in evaluating 

viability than features of day 3 embryos.  However, with the exception of the well-

documented relationship between development rates and implantation rates (1, 

30-36), relatively little is known about traits specific to blastocyst-stage embryos 

that are indicative of implantation potential.  Implantation rates are higher for 

transfers of hatching compared to non-hatching blastocysts (37, 38).  Necrotic 

areas within blastocysts (39), and in particular within the inner cell mass (37), 

have been reported to be associated with poor implantation potential.  One study 

demonstrates that grading of zygote pronuclear morphology may improve the 

ability to select viable embryos at the blastocyst-stage (40). 

 

A study of mouse embryos suggests that cell numbers (particularly of the inner 

cell mass (ICM)) may be an important indicator of viability (41), but nondestructive 

assessment of cell numbers in living embryos is problematic.  Other studies 

involving non-human embryos suggest a potential value of metabolic assessments 

of blastocyst viability, including glucose uptake (42, 43) and glycolytic activity (44).  

While promising, the value of metabolic measures such as these for assessing the 

quality of human blastocysts has yet to be demonstrated. 
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A recent attempt to grade human blastocysts combines qualitative grading of the 

degree of blastocyst expansion and trichotomous qualitative assessments of both 

the ICM and the trophectoderm (45).  The ICM and trophectoderm scores used in 

this system are vague and poorly defined, making this scoring system difficult to 

replicate.  And unfortunately, as we have noted previously (36), the contributions 

of the ICM and trophectoderm grades in this study are impossible to evaluate.  

Observed differences in implantation rates between their "top-quality" and "non-

top-quality" blastocyst transfers were consistent with differences in implantation 

rates of embryos graded solely on the basis of developmental stage at the time of 

transfer, suggesting that inclusion of ICM and trophectoderm grades may not have 

improved the ability to identify viable embryos.  Other studies suggest that the 

morphology of both human (46) and non-human (47, 48) blastocyst-stage 

embryos is related to viability, but also use grading systems that combine multiple 

subjective criteria, preventing identification of the specific factors that reflect 

developmental potential. 

 

We suggest that the combination of multiple assessment factors into a single 

grading system, without first demonstrating the importance of each factor 

independently, is counterproductive and potentially misleading.  Multi-factor 

grading systems can obscure the relative importance of individual characteristics.  

Without separate analysis of individual components of the grading system it is not 

possible to determine which components contribute to the predictive ability of the 

system, and to what extent.  The inclusion of factors that do not significantly 

increase the ability to identify viable embryos results in wasted time and effort 
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collecting unnecessary information, and can even introduce meaningless variation 

into the grading system, decreasing its accuracy. 

 

In the current study we attempted to define some characteristics of viable 

blastocysts using quantitative measurements of various morphological features.  A 

blastocyst is composed of a spherical layer of outer cells, the trophectoderm, 

surrounding an inner blastocoel cavity containing a tightly packed mass of cells, 

the inner cell mass.  We analyzed quantitative measurements of blastocyst 

diameter, trophectoderm cell number, and ICM size and shape, collected 

prospectively for this purpose, in relation to implantation and pregnancy rates 

following embryo transfers.  We first assessed the predictive value of each 

morphological measure independently, then combined features with significant 

predictive value into a unified grading system. 

 

MATERIALS AND METHODS 

 

Patients 

 

Data from patients undergoing IVF-ET at a private assisted reproductive 

technology center between January 1999 and December 2000 were analyzed.  

During this time, all IVF embryos were cultured to the blastocyst stage before 

being transferred to patients.  All patients being treated during this time period 

were included in the analysis, except for patients receiving thawed cryopreserved 

embryos. 
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For the main analysis of blastocyst morphology and implantation rates, data were 

limited to transfers of blastocysts that expanded on day 5 to eliminate variability in 

embryo viability associated with developmental rate.  The more limited data from 

transfers of blastocysts that expanded on day 6 were examined separately in the 

context of patterns detected in the analysis of the blastocysts that expanded on 

day 5. 

 

Patients receiving transfers of embryos derived from donated oocytes were 

included in the analysis.  Oocyte donors were 33 years of age or younger, in good 

health, and had no prior evidence of infertility. 

 

Data from only the first transfer were considered for patients undergoing more 

than one ET, and only one cycle of oocyte donation was included for egg donors 

undergoing multiple retrievals. 

 

Institutional review board approval was not required due to the observational 

nature of this study. 
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Oocyte Retrieval, IVF and Embryo Culture 

 

After informed consent, patients or oocyte donors 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 U.  

Fertilization was performed by conventional insemination (or by ICSI for two 

embryos) 3-6 hours after oocyte retrieval in IVC-1 media (InVitroCare, San Diego, 

California) or in a few cases P-1 media (Irvine Scientific, Irvine, California).  At 20-

24 hours post retrieval normal fertilization was confirmed by the presence of two 

pronuclei.   

 

Embryos were cultured in IVC-1 for the first three days and IVC-3 (InVitroCare) 

beginning on day 4, or in a few cases P-1 for the first three days and Blastocyst 

media (Irvine Scientific) beginning on day 4.  All media was supplemented with 

15% Human Serum Albumin (InVitroCare).  Embryos were examined at 24-hour 

intervals until transferred.  Characteristics including cell number, developmental 

stage, and amount of fragmentation were recorded for each embryo.  Embryos 

in cell number and morphology, or occasionally individually when similar embryos 

were not present.  Microdrops were overlaid with mineral oil (Sigma, Saint Louis, 

MO). 
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Embryo Transfer 

 

Only blastocyst stage (at least cavitating) embryos were transferred to patients, 

and transfers were not conducted until at least one blastocyst expanded 

sufficiently to identify and measure a distinct inner cell mass within a well-

developed blastocoel filling the embryo.  One to three blastocysts (or four to a few 

poor-prognosis day 6 transfer patients) were transferred per patient, depending on 

the number and quality of the embryos available and patient preferences.  

Transfers of more than two blastocysts were conducted at the request of patients 

only after patients were informed about the potential and risks of multiple 

pregnancy.  Clinical pregnancies, and the numbers of implantations, were 

determined by detection of fetal heart motion by transvaginal ultrasound 

examination at 6-8 weeks gestation. 

 

Blastocyst Measurements 

 

Prior to transfer, quantitative measurements of morphological features of all 

expanded blastocysts were taken at 400x magnification with the use of an ocular 

micrometer.  Blastocyst diameter (from outer zona to outer zona) was recorded, 

along with the longest length and widest perpendicular width of each inner cell 

mass (µm).  In addition, the number of trophectoderm cells in a cross-sectional 

circumference of each expanded blastocyst was recorded.  The same observer 

(BSS) made all blastocyst measurements.  A single size measurement (µm2) for 

each ICM was calculated by multiplying the length and width measurements.  

Inner cell mass shape was quantified by calculating a "Roundness Index" (RI = 
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length divided by width).  Thus, an ICM with an RI of 1 would be perfectly round, 

while larger RIs would indicate progressively more elongated ICMs. 

 

Statistical Analysis 

 

Statistical analysis of embryonic features and their association with embryonic 

viability is complicated by the tendency to transfer embryos in groups rather than 

individually.  Multiple embryo transfer is the norm in order to achieve acceptable 

pregnancy rates, because only one-third or fewer of transferred embryos can 

ordinarily be expected to implant.  Pregnancies often result from the implantation 

of a subset, rather than all, of the embryos transferred, making unambiguous 

identification of implanting embryos impossible.  Two different methods, the first 

using only those embryos for which the outcome was known and the second using 

data from all transferred embryos, were therefore used to examine the relationship 

between ICM measurements and implantation rates.   

 

Optimal characteristics of blastocysts were identified by examination of the subset 

of embryos for which success or failure to implant could be determined 

unambiguously.  Unambiguous determinations were possible only for transfers in 

which either all or none of the embryos transferred implanted.  Differences in 

blastocyst measurements between embryos known to implant and those known 

not to have implanted were examined by t-test (for blastocyst size, ICM size and 

trophectoderm cell number) or Mann-Whitney U-test (for ICM shape).  Chi-square 

comparisons of implantation rates were made between blastocysts grouped within 

discrete ranges of the measured characteristics. 
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The second method involved the use of multiple linear regression techniques to 

estimate implantation rates for the optimal and sub-optimal blastocyst grades 

defined in the previous analysis of known-outcome embryos.  Multiple regression 

analysis allowed for the inclusion of data on all embryos transferred to all patients, 

enabling a much more comprehensive analysis of available data. 

 

An additional advantage of the multiple regression analysis used here is that it 

reduces the downward bias in the estimation of embryo implantation potential that 

results from variations in embryo transfer efficiency and endometrial receptivity.  

Some proportion of viable embryos fail to implant as a result of transfer 

inefficiency or because they are transferred to a uterus that is non-receptive.  

Inclusion of these cycles therefore causes underestimation of embryo implantation 

potential.  The proportion of failures due to inefficient embryo transfer and poor 

receptivity is unknown and difficult to determine, making this bias difficult to 

correct.  However, all patients with implantation of some, but not all, of the 

embryos transferred to them clearly received effective transfers and were 

receptive.  Therefore, the addition of these patients to the analysis reduces the 

proportion of cycles that failed because of factors unrelated to embryo quality and 

the downward bias in implantation rates caused by inclusion of such cycles. 

 

For multiple linear regression analyses, embryos were grouped into optimal or 

sub-optimal categories according to the results of analyses of known-outcome 

embryos.  In all multiple regression analyses, blastocysts that were transferred 

before expanding were included as an additional group, so that all transferred 
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embryos were accounted for.  The numbers of embryos in each category 

transferred to each patient were used as independent variables, with the number 

of subsequent implantations being the dependent variable.  Intercepts were set at 

zero because pregnancy could not occur if no embryos were transferred.  The 

resulting partial regression coefficients give the number of units change in the 

criterion variable (i.e., the number of implanted embryos) given a one unit change 

in each predictor variable (i.e., the number of embryos transferred in each 

category).  Thus these regression coefficients were estimates of the implantation 

rates for each group of embryos. 

 

Pregnancy and multiple pregnancy rates were calculated among patients grouped 

according to optimal or sub-optimal characteristics of transferred embryos.  

Pregnancy and multiple pregnancy rates were compared between groups by chi-

square analysis. 

 

RESULTS 

 

Data from 112 IVF patients undergoing transfer of expanded blastocysts on day 5 

(26 using donated oocytes) were analyzed.  The mean (± SD) age of patients 

using their own oocytes was 33.1 ± 4.3 years (range = 24 to 41).  Patients using 

donated oocytes were aged 39.3 ± 4.7 years (range = 28 to 46).  A total of 270 

blastocysts were transferred (mean = 2.4 per patient).  Sixty-five pregnancies 

(58% of patients) resulted from the implantation of 107 embryos (39.6% of 

embryos transferred).  Pregnancy rates per transfer were higher among the 

patients using donated oocytes, but not significantly so (69% vs. 55%, p = 0.19). 
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All except 18 of the blastocysts transferred on day 5 were expanded at the time of 

transfer.  Expanded blastocyst diameter ranged from 155 to 265 µm (mean ± SD = 

194 ± 18).  The number of trophectoderm cells in a cross-sectional circumference 

ranged from 4 to 20 (mean ± SD = 10.8 ± 2.6).  Inner cell mass size, calculated as 

the product of the longest length and widest perpendicular width, ranged from 

1,050 to 15,000 µm2 (Fig. 1A, mean ± SD = 4,458 ± 1,667).  Most ICMs were 

between 2,000 and 6,000 µm2.  Inner cell mass shape, as quantified by the 

"Roundness Index" (RI = length divided by width) ranged from 1 to 2.24 (median = 

1.19), with most being below 1.4 (Fig. 1B). 

 

The few blastocysts grown in P-1/Blastocyst media were morphologically similar to 

blastocysts cultured in IVC-1/IVC-3 media.  Blastocysts cultured from donated 

oocytes were morphologically similar to those cultured from the oocytes of 

patients themselves.  There were no significant differences in blastocyst diameter, 

trophectoderm cell number, ICM size or ICM shape between these different 

groups of embryos (Table 5-1).  Embryos from all sources were therefore pooled 

for the remainder of the analyses. 
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Table 5-1.  Morphological features of expanded blastocysts transferred on 
day 5, compared between media types and between patients who did and 
did not use donated oocytes. 

 Sequential media type Source of oocytes 

 ICV-1/IVC-3 P-1/Blastocyst P-value Donor Patient P-value 

Number of 

blastocysts 

238 14  64 188  

Blastocyst 

diameter (µm)a 

194 ± 18 193 ± 16 0.79 193 ± 17 194 ± 18 0.59 

Trophectoderm 

cell number a 

10.8 ± 2.6 10.2 ± 1.6 0.60 11.1 ± 2.4 10.6 ± 2.6 0.22 

ICM size 

(µm2) a 

4,454 ± 1,653 4,532 ± 1,960 0.86 4,293 ± 1,319 4,514 ± 1,769 0.36 

ICM shape 

(RI)b 

1.19 1.22 0.84 1.16 1.20 0.26 

a
 Values are means plus or minus one standard deviation 

b
 Values are medians 

 

 

Analysis of Known-Outcome Embryos (Day 5 Transfers) 

 

The fate of 149 blastocysts transferred on day 5 could be determined with 

certainty, because they were transferred either to patients for whom all embryos 

implanted (n = 48 embryos (1 unexpanded) to 20 patients), or to patients for whom 

no embryos implanted (n = 101 embryos (9 unexpanded) to 47 patients). 

 

The mean diameter of expanded blastocysts was nearly identical between 

implanting and non-implanting embryos (195 µm vs. 194 µm, p = 0.81).  The 

number of trophectoderm cells in a cross-sectional circumference was also nearly 

identical between implanting and non-implanting embryos (11.0 vs. 10.8, p = 

0.64).  Examination of implantation rates for embryos grouped according to either 

expanded blastocyst diameter or trophectoderm cell numbers revealed no 

discernable patterns associated with either of these two variables. 
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The ICMs of implanting embryos were significantly larger than those of embryos 

failing to implant (5,023 µm2 vs. 4,312 µm2, p = 0.008).  Logistic regression 

analysis revealed an approximately linear positive relationship between ICM size 

and implantation rates (Figure 2, p = 0.01).  Implantation rates ranged from 

approximately 20% for 2,000 µm2 ICMs to near 50% for ICMs 6,000 µm2 or 

greater.  A continuous model such as this is likely to be a more accurate 

description of the relationship between ICM size and implantation potential.  

However, for simplification we divided embryos into "large" and "small" ICM 

categories using a breakpoint which maximized the difference between these two 

groups. 

 

Implantation rates were significantly higher among blastocysts with ICM 

measurements greater than 4,500 µm2 compared to those with smaller ICMs 

(Figure 3A, 45% vs. 23%, p = 0.006).  Optimal ICM size was therefore defined as 

"large", measuring greater than 4,500 µm2.  Inner cell masses measuring less 

than 3,800 µm2 were associated with especially low implantation rates (18%, p = 

0.0028 vs. large ICMs).  Blastocysts with ICMs falling between these "large" and 

"small" size ranges implanted at an intermediate rate of 32%, which was 

statistically indistinguishable from the rates for either the smaller or larger ICMs (p 

= 0.18 and p = 0.26, respectively). 

 

A Mann-Whitney U test failed to detect any difference in ICM shape between 

implanting and non-implanting embryos (median RI = 1.26 vs. 1.29, p = 0.37).  

However, examination of implantation rates for embryos grouped according to 
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ICM shape revealed that implantation rates were highest for blastocysts with 

slightly oval-shaped ICMs (Figure 3B).  Embryos with ICM RIs ranging from 1.04 

and 1.20 implanted at a significantly higher rate than embryos with either rounder 

(RI < 1.04) ICMs or more elongated (RI > 1.20) ICMs (49% vs. 13% (p = 0.012) 

and 25% (p = 0.006)).  Optimal ICM shape was therefore defined as "slightly oval", 

with an RI between 1.04 and 1.20, inclusive. 

 

These "known-outcome" embryos were then grouped according to whether their 

ICMs fell within the optimal size and/or shape ranges (Figure 3C).  "Top-quality" 

blastocysts with ICMs within both the optimal size and optimal shape ranges 

(OptS&S) implanted at a rate of 60%.  Implantation rates were much lower for 

embryos with ICMs that were optimally sized (OptSize) only (29%, p = 0.011), 

optimally shaped (OptShape) only (32%, p = 0.038), or sub-optimally (SubOpt) 

sized and shaped (19%, p = 0.0001).  The implantation rate of 10% for the 

blastocysts that were unexpanded at the time of transfer was also significantly 

lower than that of the top-quality embryos (p = 0.0053). 

 

Analysis of All Embryos Transferred on Day 5 

 

More comprehensive multiple linear regression models, using data from all 270 

embryos transferred to all 112 day 5 transfer patients, were used to calculate 

more accurate estimates of implantation rates for grades of blastocysts defined by 

the analysis of known-outcome embryos (Fig. 4).  This procedure allowed the 

addition of 45 more patients, each pregnant by a subset of the embryos 

transferred to them (59 implantations from 121 transferred embryos).  As 

discussed in Methods, multiple regression analysis reduces the downward bias in 
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estimated implantation rates caused by factors unrelated to embryo quality, 

resulting in a more accurate estimate of implantation potential. 

 

By this method, implantation rates were estimated to be 55% for the optimally 

sized large ICMs, compared to 31% for smaller ICMs (Figure 4A).  Implantation 

rates were 58% for optimally shaped ICMs compared to 7% for rounder ICMs and 

33% for more elongated ICMs (Figure 4B).  Blastocysts with OptS&S ICMs, within 

both the optimal size and optimal shape ranges, implanted at a rate of 71%, 

compared to 37% for OptSize ICMs, 45% for OptShape ICMs, and 22% for 

SubOpt ICMs (Figure 4C).  The estimated implantation rate for unexpanded 

blastocysts was 15-22%. 

 

A chi-square analysis revealed a weak but significant positive association between 

the development of optimal ICM size and optimal ICM shape among the 252 

expanded blastocysts transferred on day 5 (p = 0.039).  Embryos developing both 

optimal ICM size and optimal ICM shape, and embryos with neither optimal size 

nor shape, were both slightly more common than would be expected by chance if 

there was no link between size and shape (24.6% (n = 62) observed vs. 21.4% 

expected, and 32.1% (n = 81) vs. 28.9%, respectively).  Conversely, embryos with 

optimal ICM size but not shape, and those with optimal ICM shape but not size, 

were both slightly less common than would be expected by chance if there was no 

link between size and shape (21.8% (n = 55) vs. 25.0% and 21.4% (n = 54) vs. 

24.6%, respectively). 
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Pregnancy and multiple pregnancy rates also differed according to ICM grades 

(Table 5-2).  Pregnancy rates were highest (79%) for patients receiving transfers 

including at least one blastocyst having an OptS&S ICM.  Pregnancy rates were 

also very high for transfers including at least one OptShape ICM but no ICMs 

within the optimal size range (68%), and for transfers including one OptSize ICM 

and one OptShape ICM but no OptS&S ICMs (71%).  Rates were much lower for 

transfers including OptSize ICMs but no ICMs within the optimal shape range 

(33%), and for transfers of all SubOpt ICMs (17%).  Triplets were significantly 

more common among patients receiving an OptS&S ICM, with all but one triplet 

pregnancy (90%) resulting from such transfers.  One-third (9/27) of the three-

embryo transfers including at least one OptS&S ICM resulted in triplets. 

 

Inner cell mass grades were not significantly related to the age of patients from 

whom oocytes were retrieved.  Compared to other patients, mean patient age was 

slightly, but not significantly, lower for patients with at least one optimally sized 

ICM (33.0 vs. 33.3 years, p = 0.76), one optimally shaped ICM (32.8 vs. 33.6, p = 

0.44), or one optimally sized and shaped ICM (32.2 vs. 33.8, p = 0.094). 
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Table 5-2.  Pregnancy rates and numbers of embryos, according to the inner 
cell mass grades in cohorts transferred on day 5. 

Transfer type: ICM grades 

in cohorts of transferred 

blastocysts 

Pregnancies per 

transfer 

Multiples per 

pregnancy 

Triplets per 

pregnancy 

Number of 

embryos per 

transfer (± SD) 

A:  At least one OptS&S 37/47 (78.7%) 19/37 (51.4%) 9/37 (24.3%)e 2.6 ± 0.5 

B:  No OptS&S, but one 

OptSize and one OptShape 

5/7 (71.4%) 4/5 (80.0%) 0/5 (0%) 2.7 ± 0.5 

C:  At least one OptShape, 

no OptS&S or OptSize 

13/19 (68.4%) 5/13 (38.5%) 0/13 (0%) 2.5 ± 0.6 

D:  At least one OptSize, 

no OptS&S or OptShape 

7/21 (33.3%)abc 3/7 (42.8%) 1/7 (14.3%) 2.5 ± 0.7 

E:  All SubOpt 3/18 (16.7%)acd 1/3 (33.3%) 0/3 (0%) 1.7 ± 0.8f 

a
 P < 0.0005 vs. transfer type A 

b
 P = 0.078 vs. transfer type B 

c
 P < 0.03 vs. transfer type C 

d
 P = 0.0084 vs. transfer type B 

e
 P = 0.022 vs. pooled transfer types B, C, D and E 

f
 P < 0.0001 vs. pooled transfer types A, B, C and D 

 

 

Analysis of Embryos Transferred on Day 6 

 

Sixty-two patients (mean age = 33.5 ± 4.7 years) received transfers of blastocysts 

that expanded six days after oocyte retrieval.  These patients received 2.3 ± 0.9 

blastocysts per transfer (four embryos each to four patients).  The pregnancy rate 

for day 6 transfers was 39% (24/62), with implantation of 22% (32/142) of all 

transferred embryos. 

Comparisons between blastocysts that expanded on day 5 and those that 

expanded on day 6 revealed significant differences in ICM morphology.  

Compared to ICMs of blastocysts that expanded on day 5, ICMs of blastocysts 

that expanded on day 6 were smaller (4,458 µm2 vs. 3,891 µm2, p = 0.0016) and 

more elongated (RI = 1.19 vs. 1.27, p = 0.0045). 
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Examination of implantation rates among categorized known-outcome embryos (n 

= 11 implanting and 75 non-implanting) suggested that a lower cutoff for 

differentiating between optimal and sub-optimal size might be appropriate for 

blastocysts expanding on day 6.  The difference was clearest using a cutoff value 

of 3,800 µm2.  Blastocysts with ICMs larger than 3,800 µm2 implanted more often 

than blastocysts with smaller ICMs (20% vs. 5%, p = 0.044).  Sample sizes were 

to small to distinguish clear trends in implantation rates according to ICM shape. 

 

The more comprehensive and accurate estimates of implantation potential based 

on multiple regression analysis of all embryos transferred on day 6 indicated 

implantation rates near 30% for day-6 blastocysts with ICMs larger than 3,800 µm2 

or with ICM RIs between 1.04 and 1.20.  Blastocysts with smaller or more 

elongated ICMs implanted at rates of 21% and 23% respectively.  Unexpanded 

blastocysts and those with ICM RIs below 1.04 did not significantly contribute to 

implantation rates.  (Table 5-3) 

 

Pregnancy rates for day 6 transfers were highest when embryo cohorts included 

at least one ICM of both optimal size and shape, or one optimally sized ICM and 

one optimally shaped ICM.  The lowest pregnancy rates occurred among patients 

receiving cohorts of embryos without any optimally sized or shaped ICMs.  (Table 

5-4) 
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Table 5-3.  Estimated implantation rates of blastocysts transferred on day 6 
(based on multiple regression analysis) according to ICM size or shape 
grades. 
ICM grade Number of embryos Implantation rate (P-value) 

Large (optimal size), > 3,800 µm2 64 29% (0.0005) 

Small (sub-optimal size), < 3,800 µm2 68 21% (0.0026) 

Slightly oval (optimal shape), RI = 1.04 to 1.20 51 28% (0.0007) 

Too oval (sub-optimal shape), RI > 1.20 77 23% (0.0003) 

Too round (sub-optimal shape), RI < 1.04 4 Not Significant 

Unexpanded blastocysts 10 Not Significant 

 

 

 

Table 5-4.  Pregnancy rates according to inner cell mass grades in cohorts 
transferred on day 6. 

Transfer type: ICM grades in cohorts of transferred blastocysts Pregnancies per transfer a Number of twins 

A: At least one OptS&S 11/25 (44%) 3 

B: No OptS&S, but one OptSize and one OptShape 5/6 (83%) 3 

C: At least one OptShape, no OptS&S or OptSize 1/4 (25%) 0 

D: At least one OptSize, no Opt S&S or OptShape 6/17 (35%) 1 

E: All SubOpt 1/10 (10%) b 1 

a
 Pooled transfer types A and B greater than others, p = 0.037 

b
 Less than all other transfer types pooled, p = 0.042 
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FIG. 5-1 Frequency histograms of ICM dimensions among blastocysts transferred 
on day 5: Size (A), calculated as the product of longest length and widest 
perpendicular width, in intervals of 1,000 µm2; and Shape (B), according to the 
Roundness Index (RI), calculated as length divided by width, in intervals of 0.1.  
Dark shading indicates embryos derived from patients’ oocytes, light shading 
indicates embryos derived from donated oocytes. 
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FIG. 5-2 Implantation rates among known-outcome blastocysts transferred on day 
5, grouped into 500 µm2 ICM size intervals (or 1,000 intervals below 2,000 µm2 
and above 7,000 µm2) plotted against the mean ICM size of the embryos in each 
group.  Point size is proportional to the number of embryos represented.  The 
trend line was determined by logistic regression analysis (p = 0.01). 
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FIG. 5-3 Implantation rates among known-outcome blastocysts transferred on day 
5, grouped by ICM size (A), ICM shape (B), or both ICM size and shape (C).  (A) 
ICM size: less than or equal to 4,500 µm2 (n = 70) or greater than 4,500 µm2 (n = 
69).  P = 0.006 for difference.  (B) ICM shape: RI less than 1.04 (n = 15), RI from 
1.04 to 1.20 (n = 57), or RI greater than 1.20 (n = 67).  Implantation rates were 
significantly higher for slightly oval ICMs compared to either rounder ICMs (p = 
0.012) or more elongated ICMs (p = 0.006).  (C) ICM size and shape: optimal size 
and shape (OptS&S, n = 35), optimal size only (OptSize, n = 34), optimal shape 
only (OptShape, n = 22), or neither optimal size nor shape (SubOpt, n = 48).  
Implantation rates were significantly higher for OptS&S embryos compared to 
OptSize embryos (p = 0.011), OptShape embryos (p = 0.038) or SubOpt embryos 
(p = 0.0001). 
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FIG. 5-4 Estimated implantation rates of embryos transferred on day 5 (based on 
multiple linear regression analysis, with 95% confidence intervals) according to 
ICM size and/or shape categories:  (A) Size groupings only: less than or equal to 
4,500 µm2 (n = 136) or greater than 4,500 µm2 (n = 116);  (B) Shape groupings 
only: RI less than 1.04 (n = 21), RI from 1.04 to 1.20 (n = 117) or RI greater than 
1.20 (n = 114); or (C) Combined size and shape groupings:  OptS&S (n = 62), 
OptSize (n = 54), OptShape (n = 55), or SubOpt (n = 81).   
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FIG. 5-5 Graphic representation of the length-to-width proportions associated with 

representative values of RI.  Dark shading indicates "optimal" shape, and light shading 

"sub-optimal" shape. 

 

 
 

 

90 



 

 

DISCUSSION 

 

This study is the first to our knowledge to examine the relationship between 

quantitative measurements of human blastocyst morphology and an embryo’s 

potential for implantation after transfer.  The results demonstrate a strong 

relationship between the size and shape of the inner cell mass of a human 

blastocyst and its viability. 

The relationship between ICM dimensions and viability is not surprising, given that 

the ICM represents the group of cells destined to grow into the fetus.  We 

expected above average viability among embryos with larger ICMs, as large ICM 

size is indicative of vigorous growth.  There was a nearly linear increase in 

implantation rates with increasing ICM size.  For grading purposes, the 

relationship was simplified using a breakpoint to define optimal "large" ICMs and 

sub-optimal "small" ICMs.  Blastocysts with ICM length*width measurements 

greater than 4,500 µm2 implanted at nearly twice the rate of embryos with smaller 

ICMs.  This relationship is consistent with a study of mouse embryos that showed 

a positive relationship between the number of ICM cells and the rate of embryo 

implantation (41). 

 

The importance of subtle differences in ICM shape (Fig. 5) is less intuitive, and 

very intriguing.  Blastocysts with slightly oval ICMs (RI = 1.04 to 1.20) implanted at 

approximately twice the rate of blastocysts with ICMs outside this optimal range.  

Apparently, even in the earliest stages of human development, shape is a highly 

constrained characteristic of the inner cell mass.  At only five days old, at the first 

visible signs of cell differentiation, embryonic cells destined to grow into a fetus 
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(and eventually an adult human) have already begun to show signs of the 

elongated (although only very slightly at this point) bilaterally symmetrical form into 

which they will develop.  On a practical level, the very subtle difference between 

an ICM with optimal shape and one with sub-optimal shape (Fig. 5) emphasizes 

the importance of careful quantitative, rather than just qualitative, observations of 

embryos in the IVF lab.  Given the surprisingly good predictive value of a simple 

two-dimensional measure of shape demonstrated here, emerging technologies in 

three-dimensional imaging and measurement may prove to be valuable tools for 

evaluating blastocyst quality in the future.   

 

The other blastocyst characteristics that were measured did not appear to be 

related to implantation rates.  Blastocyst diameter did not differ between 

implanting and non-implanting embryos.  Trophectoderm cell numbers were also 

similar for implanting and non-implanting blastocysts.  The latter result is 

consistent with a study of mouse embryos showing no relationship between the 

number of trophectoderm cells and implantation rates (41).  This lack of 

association between trophectoderm cell numbers and implantation rates casts 

doubt on the appropriateness of inclusion of the trophectoderm grade in a recently 

reported multi-factor blastocyst scoring system (45). 

 

The lack of association between trophectoderm measurements and implantation is 

surprising given that it is the trophectoderm that forms the initial connection to the 

uterine wall and develops into the placenta and associated tissues supporting 

embryonic development.  It may be that the sample sizes used here were 

insufficient to detect existing relationships.  If there is a relationship between 
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trophectoderm cell numbers and implantation potential it is weak, and not likely to 

be clinically significant.  Although cell number does not appear to be a critical 

feature of the trophectoderm layer, it is possible that some as yet undetermined 

characteristic of the trophectoderm layer could be indicative of blastocyst viability 

and implantation potential.  Such possibilities require further study. 

 

There was a significant positive association between the development of optimal 

ICM size and optimal ICM shape, suggesting that these two features of the inner 

cell mass are (loosely) linked.  Embryos with one of these features, either optimal 

ICM shape or size, are more likely to have the other, although the association is 

very weak.  Many blastocysts develop ICMs of either optimal size or optimal 

shape, but not both. 

Blastocyst grades based on a combination of the two features shown here to be 

associated with blastocyst viability, ICM size and shape, revealed that "top-quality" 

blastocysts (those expanding on day 5 and having ICMs within both the optimal 

size and optimal shape categories) implanted at a significantly higher rate than all 

other categories of embryos.  Multiple regression analysis including all patients 

receiving day 5 transfers indicated implantation rates of approximately 71% for 

these top-quality embryos.  Although we could not confirm the significance of 

differences in implantation rates among other categories of embryos, it seems 

reasonable to expect embryos with either optimal ICM size or optimal ICM shape 

to implant at a higher rate than embryos with sub-optimal ICM size and shape.  

Implantation rates for day 5 expanded blastocysts with optimal ICM size only were 

estimated to be 37%.  Implantation rates for day 5 expanded blastocysts with 

optimal ICM shape only were estimated to be 45%. 
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Day 5 expanded blastocysts having ICMs sub-optimal for both ICM size and 

shape were estimated to implant at a rate of 22%.  Estimated implantation rates 

for blastocysts that had not expanded by transfer on day 5 were also relatively low 

(22%).  This result is consistent with a variety of studies indicating that the rate of 

development to the expanded blastocyst stage is indicative of viability (1, 30-36). 

 

Comparisons of pregnancy rates according to the ICM size/shape grades of 

embryos transferred on day 5 revealed that the highest pregnancy rates (79%) 

occurred when at least one top-quality embryo (with optimal ICM size and shape) 

was transferred.  Pregnancy rates were also very high (69%), and not significantly 

different from those resulting from transfers of top-quality embryos, when transfers 

included at least one embryo with optimal ICM shape.  Pregnancy rates were 

significantly lower (33%) for transfers including blastocysts with optimal ICM size 

but without any embryos having optimal ICM shape, suggesting that ICM shape 

may be a more important indicator of blastocyst viability than ICM size.  

Pregnancy rates were especially low (17%) among patient receiving no embryos 

with either optimal ICM size or shape. 

 

Top quality ICMs, as defined here, were not uncommon among the group of IVF 

patients examined in this study.  Twenty-five percent of all expanded blastocysts 

transferred on day 5 had optimally sized and shaped ICMs.  Forty-two percent of 

the patients undergoing day 5 embryo transfers received at least one of these top-

quality embryos. 
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Sample sizes and implantation rates of blastocysts expanding on day 6 after 

oocyte retrieval were relatively low, limiting the potential for detecting differences 

in implantation rates associated with morphology.  However, preliminary analysis 

of implantation rates for these embryos, in the context of the optimal morphology 

characteristics defined for blastocysts expanding on day 5, suggest that similar 

patterns may exist for day 6 expanded blastocysts.  Day 6 expanded blastocysts 

with larger ICMs implanted at a significantly higher rate than those with smaller 

ICMs.  Blastocysts with ICMs within the defined optimal ICM shape range of 1.04 

to 1.20 implanted at a higher rate than other embryos, although they could not 

clearly be statistically distinguished from other embryos. 

 

We have previously reported that blastocysts not expanding until day 6 after 

oocyte retrieval implant at approximately half the rate of blastocysts expanding on 

day 5.  The current study revealed significant differences in blastocyst morphology 

between those expanding on day 5 and those expanding on day 6.  The ICMs of 

day 6 expanded blastocysts were significantly smaller and more elongated (with a 

median outside the optimal shape range) compared to those of day 5 expanded 

blastocysts.  These differences suggest that the reduced viability of day 6 

expanded blastocysts is reflected not only in their slower rate of development, but 

also in poorer morphology at the expanded blastocyst stage. 

 

Interestingly, there appears to be little if any decline in inner cell mass quality (as 

determined by size and shape) with age.  The very slight tendency toward 

younger ages among the patients producing embryos with optimally sized and/or 

shaped ICMs was not significant.  This suggests that a decline in the quality of the 
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inner cell mass may not be one of the components contributing to the decline in 

fertility with age. 

 

The relationship between the inner cell mass dimensions and implantation 

potential will enable physicians to more accurately predict the implantation 

potential of individual IVF embryos before they are transferred, and adjust the 

number of embryos transferred accordingly.  The high rate of implantation 

associated with the transfer of blastocysts having both optimal ICM size and 

optimal ICM shape could help physicians realize their long sought-after goal of 

achieving high pregnancy rates with single embryo transfers, at least for those 

patients producing such embryos.  Transferring more than two embryos to such 

patients introduces a high risk of high-order multiples.  Single embryo transfers 

could eliminate the increasingly common problem of multiple pregnancies that has 

resulted from the growing use of assisted reproduction.  Failure of embryos with 

top-quality ICMs to implant may also have diagnostic value, in that it may indicate 

uterine factors or transfer inefficiency preventing pregnancy.  

 

In conclusion, this study provides the first evidence of significant relationships 

between both inner cell mass size and inner cell mass shape prior to transfer and 

the implantation potential of blastocyst-stage human embryos.  Inner cell mass 

size and shape are therefore important new variables to be considered when 

determining which and how many blastocyst-stage embryos to transfer in an effort 

to maximize pregnancy rates while minimizing the potential for multiples.  As more 

independent indicators of blastocyst viability are identified, these can be 

incorporated into progressively more complex and effective grading systems. 
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Abstract 

Objective: To examine the effects of patient age on the growth and transfer of 

blastocyst stage embryos.   

Design: Retrospective clinical study. 

Setting: Private ART center. 

Patient(s): Three hundred in vitro fertilization patients between the ages of 18 and 

45. 

Intervention(s):  Bipronucleate oocytes were grown for up to 144 hours and 

subsequently transferred when at least one embryo attained the expanded 

blastocyst stage. 

Main Outcome Measure(s): Oocytes retrieved and fertilized, blastocyst formation 

rates, implantation rates, pregnancy rates per retrieval and transfer. 

Result(s): The rate of cycle cancellation before oocyte retrieval increased 

significantly with age, and the average number of oocytes per retrieval declined 

significantly with age.  Fertilization rates were unrelated to patient age.  The 

proportion of cycles with expanded blastocysts declined significantly with age.  

Pregnancy rates per stimulation declined with age, but pregnancy rates per 

transfer were approximately 50% across the entire age range studied. 

Conclusion(s): The decline in female fertility with age appears to be the result of 

reduced numbers of oocytes and inability of fertilized oocytes to develop to the 

blastocyst stage.  Implantation and pregnancy rates appear to be unaffected by 

age when blastocysts do form.
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INTRODUCTION 

 

The decline in female fertility associated with increasing chronological age has 

been well established.  A multitude of studies of unassisted reproduction (1, 2), 

intrauterine insemination (3-8), in vitro fertilization (IVF) (9-16), intracytoplasmic 

sperm injection (ICSI) (17-20) and other assisted reproductive technologies (21, 

22) indicates a reduced potential for pregnancy among older women.  The general 

trend suggested by these studies is a decline in fertility beginning in a woman’s 

early 30’s which becomes increasingly more rapid, resulting in complete loss of 

fertility by her mid 40’s.  A variety of factors may contribute to this age-related 

decline in fertility, including reduced numbers of oocytes, poor oocyte quality and 

declining uterine receptivity.  

 

The decline in the number of retrievable oocytes resulting from progressive 

follicular depletion with age is well documented.  The total number of ovarian 

follicles declines gradually throughout a woman’s life (23-25), as does the number 

of antral follicles (26).  Cancellation of retrievals after controlled ovarian 

hyperstimulation (COH) is more likely as women age (10, 15), and the number of 

oocytes collected from patients undergoing retrieval declines with age (10, 12, 14, 

18, 20, 27).  In addition, empty follicle syndrome has been reported to be more 

common among older patients (28).   

 

However, declining oocyte numbers may be of less importance than declining 

oocyte quality.  Rates of aneuploidy are known to be higher in the embryos of 

older women (29, 30).  In addition, diploidy (31), chromatid separation (32), and 
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spindle apparatus defects (33) have been reported to be more common among 

the oocytes of older women.  Although it may be logical to suspect that oocytes of 

older women are less likely to fertilize, this does not appear to be the case (10, 18-

20).  Embryo quality on day 2 after oocyte retrieval has been reported to be poorer 

for oocytes from older women (18).  Reductions in rates of blastocyst formation 

with increasing maternal age have also been reported (16, 34).   

 

Regardless of the number or quality of oocytes and subsequent embryos 

available, poor endometrial receptivity can prevent implantation and pregnancy.  

Studies of IVF using donor oocytes allow for analysis of the role of endometrial 

receptivity while controlling oocyte quality.  Several studies have reported an 

apparent decline in uterine receptivity with age (35-39).  However, others have 

found no indication of reduced receptivity in older patients (14, 40-43), some 

suggesting that natural declines in uterine receptivity with age can be overcome 

with increased dosages of progesterone (44). 

 

As increasing numbers of women delay childbearing until later years, there is a 

growing need for information regarding the reproductive potential of older women.  

In addition, despite the growing popularity of blastocyst-stage embryo transfer, 

there are, as yet, few reports of the effect of age on the growth and transfer of 

human blastocysts.  This retrospective analysis examines the influence of female 

age on the growth and transfer of blastocyst-stage embryos among an unselected 

group of IVF patients. 
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MATERIALS AND METHODS 

 

A retrospective analysis was made using data collected from IVF patients being 

treated at a private ART center between October 1997 and December 2000.  

During this time, embryos of all patients were grown to the blastocyst stage before 

transfer.  All patients treated with IVF during this time, except those receiving 

frozen embryo transfers, using donor oocytes or requiring ICSI, were included in 

the analysis.  Criteria for admission to the IVF program (without the use of donor 

oocytes) included age between 18 and 45 years and day 3 serum FSH ≤ 

15mIU/ml.  For patients attempting more than one blastocyst transfer cycle, only 

the first attempt was used.  Institutional review board approval was not required 

due to the retrospective nature of this study.   

 

Ovarian stimulation, oocyte retrieval and fertilization and embryo culture (using 

either Vero cell coculture or sequential blastocyst culture media) were as 

previously described (45).  Retrievals were cancelled for patients failing to 

produce at least 3 follicles ≥ 18mm, or those with evidence of a premature LH 

surge by LH elevation or premature luteinization by an elevated serum 

progesterone.  Transfers were cancelled if no blastocysts expanded by day 6 after 

retrieval.  Otherwise, embryo transfers were performed on day 5 or 6 post 

retrieval, following the development of expanded blastocysts.  A blastocyst was 

considered to be expanded when the inner cell mass (ICM) was clearly visible 

within a well-developed blastocoel filling the embryo. 
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Blastocysts were selected for transfer based on the degree of blastocyst 

expansion and the presence and size of an ICM.  One to four blastocysts were 

transferred per patient.  Transfers of more than two blastocysts were generally 

only conducted when embryo quality was poor, or in accordance with patient 

preference after detailed discussion of the risks of multiple pregnancy.  Pregnancy 

and implantation rates were determined by the detection of fetal heart motion by 

transvaginal ultrasound examination at 6-8 weeks gestation.   

 

Patient age, the number of oocytes retrieved, percentage of oocytes fertilized 

(2pn), percentage of 2pn oocytes developing to the blastocyst stage, number of 

blastocysts, number of embryos transferred, and percentage of transferred 

embryos to implant were determined for each IVF cycle. 

 

T-tests were used to compare age between patients with or without oocyte 

retrieval, between patients with or without fertilization of oocytes (among those 

with oocytes retrieved), and between patients with or without transferable 

blastocysts (among those with fertilization).  Linear regression analysis was used 

to explore relationships between age and the numbers of oocytes retrieved, 

fertilization rates, blastocyst formation rates, and implantation rates.  Logistic 

regression was used to relate age to the probability of oocyte retrieval, the 

probability of having transferable blastocysts develop from fertilized oocytes, and 

pregnancy rates per stimulation and transfer. 
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RESULTS 

 

A total of 300 patients began stimulation for fresh, non-donor, non-ICSI IVF during 

the study period.  Table 6-1 provides a summary of the IVF cycle statistics for this 

group of patients.  The mean age of patients being treated was 34.3 years, 

ranging from 18.8 to 45.1.  Oocytes were successfully retrieved from 258 (86%) of 

these patients undergoing stimulation.  An average of 15.5 eggs was collected per 

retrieval procedure.  Successful normal fertilization of eggs occurred in 244 (94%) 

of patients undergoing retrieval.  The percentage of oocytes with normal (2pn) 

fertilization in these patients was 62%.   

Among the patients with fertilized eggs, 199 patients (82%) had at least one 

blastocyst expand within six days of oocyte retrieval, and underwent embryo 

transfer.  Among the patients with blastocyst formation, blastocysts developed 

from 37% of all fertilized eggs, for a mean of 3.3 per patient.  An average of 2.5 

embryos was transferred per patient.  A total of 158 embryos implanted from the 

transfer of 502 blastocysts (31.5%).  The mean embryo implantation rate per 

patient was 31.1%.  One hundred and one patients achieved clinical pregnancy, 

for a per-stimulation pregnancy rate of 33.7%, and a per-transfer pregnancy rate 

of 50.7%.  

 

Table 6-1 Summary statistics. 

 Average per cycle Number of cycles 

Patient age (years)
 a
 34.3 ± 4.6 300 

Number of oocytes retrieved
 a
 15.5 ± 7.7 258 

Oocyte fertilization (percent)
 a
 61.6 ± 19.3 244 
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Blastocyst formation (percent)
 a
 36.7 ± 19.1 199 

Blastocyst formation  (number)
 a
 3.3 ± 2.0 199 

Number of embryos transferred
 a
 2.5 ± 0.8 199 

Implantation (percent)
 a
 31.1 ± 36.1 199 

Pregnancy per stimulation 33.7% 300 

Pregnancy per transfer 50.7% 199 

a
 Values are means plus or minus one standard deviation. 

 
Patients undergoing retrieval were significantly younger than patients for whom retrieval was 
cancelled (34.1 vs. 35.7, p = 0.033).  Logistic regression analysis indicated a significant decline in 
the probability of oocyte retrieval with increasing age, from above 90% for a woman in her 20’s to 
below 80% for a woman in her 40’s (Figure 6-1A).  
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FIG. 6-1 Scatterplots of the percentages of stimulations leading to oocyte retrieval 
(A), fertilizations leading to expanded blastocyst formation and embryo transfer 
(B), pregnancy rate per stimulation (C) and pregnancy rate per transfer (D).  Data 
points are percentages for patients grouped in one-year intervals, plotted against 
the mean age of patients in each group.  Point size is proportional to the number 
of patients represented.  Trend lines were determined by logistic regression 
analysis of individual patient data. 
 

 
 

 

Among patients undergoing retrieval, linear regression analysis revealed a 

significant (p < 0.0001) decline in the number of oocytes retrieved from patients 

with increasing age (Figure 6-2A).  The regression slope indicated that for every 

additional two years of age the average number of oocytes retrieved was reduced 

by one.  Average retrieval rates ranged from approximately 20 eggs per cycle for a 

woman in her low to mid 20’s, down to 10 eggs per cycle for a woman in her early 

to mid 40s. 
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Among patients having oocytes retrieved, there was no difference in age between 

those patients having successful fertilization and those for whom all eggs failed to 

fertilize (34.0 vs. 34.2, p = 0.89).  Regression analysis failed to reveal any 

relationship between age and the percentage of oocytes fertilized (Figure 6-2B). 

 

Among patients with fertilized eggs, patients having at least one expanded 

blastocyst develop were significantly younger than patients with no embryos 

reaching the expanded blastocyst stage (33.6 versus 36.2, p = 0.0006).  Logistic 

regression analysis indicated a significant decline in the proportion of patients 

having blastocysts available for transfer with increasing age (Figure 6-1B).  The 

percentage of fertilization cycles that produced transferable blastocysts ranged 

from over 90% for patients in their 20’s down to less than 70% for patients in their 

40’s.  Among patients with blastocyst development, there was no discernable 

relationship between age and the percentage of fertilized embryos developing to 

the blastocyst stage (Figure 6-2C), but the total number of blastocysts declined 

significantly with age (Figure 6-2D). 
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FIG. 6-2  Scatter plots of IVF cycle statistics according to patient age, including 
trend lines determined by linear regression analysis. 

 
 

 

Logistic regression analysis indicated a significant decline in pregnancy rate per 

stimulation as patient age increased (Figure 6-1C).  Pregnancy rates per 

stimulation declined from over 40% per stimulation for the youngest patients, 

down to approximately 25% per stimulation for patients in their early 40’s.  

However, neither pregnancy rates per transfer (Figure 6-1D) nor implantation 

rates (Figure 6-2E) declined significantly with age.  Pregnancy rates per transfer 

were over 45% even for patients 41 years of age or older.  No pregnancies 
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occurred among patients older than 43 years, although only four stimulations, with 

two transfers, were conducted on patients in this age range. 

 

DISCUSSION 

 

The results of this study confirm a decline in female fertility potential with age.  A 

general tendency for female fertility to fade with age has been demonstrated in a 

variety of studies of unassisted as well as assisted reproduction.  The current 

study supports the contention that fertility wanes as a result of the combined 

effects of diminishing oocyte numbers and decreased oocyte (and subsequent 

embryo) quality. 

 

As other studies have shown (10, 12, 14, 15, 27), cycle cancellation before 

retrieval is more likely for older patients, and oocyte numbers decline steadily for 

women in their mid 20’s to mid 40’s. 

 

In vitro culturing of embryos to the blastocyst-stage before transfer allows for a 

longer period of observation of embryo development than conventional day 3 

embryo transfer.  Effects of age not observable with earlier transfers are revealed 

when transfer is delayed until blastocyst formation.  Older women with fertilized 

oocytes are less likely to have development of transferable blastocysts compared 

to younger women with fertilized oocytes.  This conclusion is consistent with 

previous studies that noted a decreased potential to produce transferable 

blastocysts among older patients (16, 34). 
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We believe that the continuous, gradual patterns of decline described by the 

logistic and linear regression models employed in this study are more appropriate 

than the more conventional method of calculating success rates of patients 

grouped within broad age ranges.  While a few other studies also fit data to 

continuous models (9, 13, 23-26), most report outcomes for patients grouped into 

discrete age categories.  Continuous models are likely to be more accurate for 

specific ages than models that generalize results across broad age ranges.  Such 

accuracy may be particularly valuable for older women, when declines in fertility 

may be more rapid. 

 

Unfortunately, precise estimates of outcome measurements are difficult to make 

for the patients over age 40 in the current study, where the most rapid declines in 

fertility occur.  Relatively few patients in the study group fell within this age range.  

Women over 40 years of age make up a relatively small proportion of women 

seeking IVF treatment with their own eggs.  The low probability of a successful 

pregnancy for older women using their own eggs often results in the use of 

donated eggs or adoption.   

 

Surprisingly, there is little evidence from the current study that age has any 

influence on an embryo’s potential for implantation once a transferable blastocyst 

has developed.  These results conflict with those of a previous study which found 

higher implantation and pregnancy rates among younger patients when blastocyst 

transfer was performed (16).  In the current study, although pregnancy rates per 

stimulation declined with age, implantation rates and pregnancy rates per transfer 

remained remarkably steady across the age ranged studied.  Results of the 
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current study are consistent with those of a previous study showing no relationship 

between patient age and the inner cell mass morphology of expanded blastocysts 

(46).  The current study also supports the contention that there is no significant 

decline in endometrial receptivity with age through a woman’s early 40’s. 
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Abstract 

Objective:  Compare the effect of day 5 and day 6 blastocyst transfers on 

patterns of implantation and pregnancy rates in among fresh autologous, oocyte 

donor, and frozen embryo transfer (FET) cycles. 

Design:  Retrospective study. 

Setting:  Private fertility center 

Patient(s): The study included 377 fresh autologous cycles, 106 autologous FET 

cycles, and 56 fresh oocyte donor cycles. 

Intervention(s): None. 

Main Outcome Measures: Implantation and clinical pregnancy rates 

Results: The clinical pregnancy rate (PR) for day 5 blastocyst transfers was 

higher than for day 6 blastocyst transfers in fresh autologous cycles (PR 51.0% 

and 33.3%, respectively).  However, there was no significant difference between 

transfers of blastocysts cryopreserved on day 5 and day 6 in FET cycles (PR 

63.6% and 58.9%, respectively).   Furthermore, day 6 blastocyst transfers 

significantly outperformed day 5 transfers in donor cycles (PR 63.0% and 86.2%, 

respectively), a reversal of the pattern seen in the fresh autologous cycles.   Day 6 

blastocysts were associated with a significantly greater PR in FET cycles than in 

fresh autologous cycles (58.9% and 33.3%, respectively). 

Conclusions: The superior PRs with day 5 blastocyst transfers in fresh 

autologous cycles and with day 6 blastocysts in the donor cycles may have 

resulted from better synchrony with endometrial development.  This was further 

supported by the superior performance of day 6 blastocysts in FET cycles relative 

to their fresh counterparts.  Similar PRs with cryopreserved day 5 and day 6 
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blastocysts in the FET cycles may reflect that, in these cycles, day 5 and day 6 

blastocysts had equivalent quality and similar synchrony with the endometrium. 
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Introduction 

 

The relative contribution of the endometrium in the implantation of transferred 

blastocysts has not yet been quantified. Ultrasound scanning, Doppler analysis of 

uterine blood flow, electron microscopy, and analysis of biochemical markers of 

receptivity have been used to supplement traditional histological examination in 

order to predict endometrial receptivity (1, 2).  These approaches have not yet 

yielded reliable quantitative measures of the relative contribution of embryo quality 

and endometrial receptivity to the overall success of IVF cycles using blastocyst 

transfer.  

 

The development of blastocyst transfer has enhanced the ability to select embryos 

more likely to implant compared to cycle day 2 or day 3 transfers (3, 4).  

Blastocysts are further advanced in the developmental process and blastocyst 

transfer eliminates the transfer of embryos not destined by developmental 

potential to reach the blastocyst stage.  Morphological analysis can further 

enhance the ability to choose the most viable blastocysts for transfer or 

cryopreservation.  

 

Morphologic embryo scoring systems incorporating in vitro growth characteristics 

and embryo appearance have been devised to aid in the prediction of implantation 

potential independent of endometrial considerations.  It has been recognized that 

the quality of transferred embryos is correlated with the achievement of pregnancy 

in IVF programs (5).  However, criteria for embryo grading often assign better 

scores to rapidly developing embryos.  For example, a scoring system applied on 
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day 5 would normally assign lower scores to morulae than to blastocysts, yet such 

morulae may form blastocysts the following day.  The blurring of developmental 

pace with morphological grading of human blastocysts was noted at least as far 

back as 1993 (6). 

 

Embryo scoring systems based on developmental pace may inadvertently 

measure embryo-endometrium synchrony along with inherent embryo viability.  

While the advantages of early cleavage (7), early blastulation (8, 9, 10, 11, 12) 

and early hatching (13) have been amply demonstrated, the cause of these 

advantages may be unclear.  These advantages might indicate inherently superior 

embryo viability, or might be due to better synchrony between embryo 

development and endometrial receptivity in certain cycle types.  Indeed, it’s been 

shown that slower blastocysts can have comparable developmental potential after 

14 days of in vitro culture (6), and that slower (day 6) blastocysts can perform as 

well as day 5 blastocysts in FET cycles (14, 15).  Furthermore, the advantage of 

early blastulation has been ascribed to better synchrony between embryo 

development and the receptive phase of the endometrium in agonist cycles (9, 

15). 

 

Ovarian stimulation, whether using agonist or antagonist for pituitary suppression, 

induces a more histologically advanced endometrium than in natural cycles.  This 

advancement is about 1-2 days in agonist cycles (16, 17, 18), so that the 

endometrium is optimally receptive about 5 to 6 days after retrieval, or about 6.5 to 

7.5 days after hCG administration.  In antagonist cycles, the endometrium may be 

even more advanced (19).  This advancement of the receptive phase may cause 
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day 5 blastocysts, on average, to be better synchronized with the endometrium 

than their day 6 counterparts.  Indeed, with high-quality embryos selected for rapid 

(day 5) blastulation, pregnancy rates of 87% have been reported in fresh 

autologous transfer cycles (5). 

 

While it is established that rapidly developing embryos outperform their slower 

counterparts in fresh autologous IVF cycles, this might not be the case in FET and 

donor cycles.  In donor and FET cycles, endometrial development is more 

precisely controlled than in cycles of controlled ovarian hyperstimulation (COH) 

with gonadotropins.  If the advantage of early blastulation is due to inherently 

superior embryo viability, then the relative performance of day 5 and day 6 

blastocysts should remain consistent across these cycle types.  If the advantages 

are due to better synchrony with the endometrium, then the pattern of implantation 

and pregnancy rates for day 5 and day 6 blastocyst transfers in donor and FET 

cycles may differ from that in the fresh autologous cycles.   

 

Observations of pinopode development have been used to assess the window of 

endometrial receptivity.  The duration of this window is less than 48 hours in an 

individual cycle, but the start of this brief phase varies between patients (17). 

   

Pinopode development is dependent upon progesterone secretion, and it has 

been shown that elevated pre-ovulatory serum progesterone (P4) levels are 

associated with accelerated pinopode development (17). Furthermore, 

endometrial P4 receptor expression has been shown to be up-regulated in the late 

follicular phase of COH cycles when compared to natural cycles, further 
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exacerbating the effect of early P4 exposure (20).  Probably not coincidentally, 

reduced ongoing pregnancy rates have been associated with high pre-ovulatory 

progesterone levels (21). One study used observations of pinopode development 

in adjusting the timing of P4 supplementation in donor recipients with three or 

more prior failures, and found improved pregnancy rates in the adjusted group (1). 

 

Blastocysts can now be frozen with a high rate of survival, and the transfer of 

thawed blastocysts has been reported to result in high pregnancy rates (14). 

These recent improvements in FET performance allow the separation of 

embryonic and endometrial effects, as embryos cryopreserved from fresh 

autologous cycles can now be transferred into the same proven, artificially 

produced endometrial environment as in donor cycles.  

 

The current study compares patterns of implantation and clinical pregnancy rates 

across autologous fresh cycles, autologous FET cycles, and fresh oocyte donor 

cycles, all with transfers of day 5 or day 6 blastocysts derived from antagonist-

regulated IVF cycles.  The potential contribution of endometrial synchrony to 

implantation and pregnancy rates will then be discussed. 

 

Materials and Methods 

 

Patients underwent ovarian stimulation with FSH alone or in combination with 

hMG (Repronex; Ferring Pharmaceuticals, Suffern, NY).  All cycles included in this 

study used GnRH antagonists, either ganirelix acetate (Antagon; Organon USA, 

Orange, NJ) or cetrorelix (Cetrotide; Serono, Inc., Rockland MA), for pituitary 
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suppression.  Final oocyte maturation was achieved with either hCG (American 

Pharmaceutical Partners, Schaumburg, IL) or leuprolide acetate, (Lupron; Sicor 

Pharmaceuticals, Irvine, CA).   

 

Oocyte retrievals were routinely performed before noon.  Embryos were 

inseminated either entirely by intracytoplasmic sperm injection (ICSI) or else, 

rarely, half were inseminated by ICSI and half conventionally.  No cycle in this 

study period used only conventional insemination.  Insemination by ICSI occurred 

2 to 4 hours after retrieval, while any conventional inseminations occurred 3 to 6 

hours after retrieval.  Therefore, inseminations were spread over a time interval of 

up to 9 hours on days when there were some conventional inseminations, and up 

to about 7 hours on more typical days when there were only ICSI inseminations.  

Insemination was routinely assigned to one embryologist who performed about 

four-fifths of all inseminations during the study period.  The remaining one fifth 

was performed by one other embryologist. 

 

The embryos were grown in sequential media (Quinn’s Advantage Protein Plus 

Cleavage Medium and Blastocyst Medium; Sage, Trumbull, CT).  Selected 

blastocysts were transferred on day 5 or day 6 in fresh cycles.  Typically, two 

blastocysts were transferred, but sometimes one or three were transferred, 

depending on the number of embryos available, embryo quality, patient 

willingness to accept multiple pregnancy, and patient history in previous IVF 

cycles.   
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Blastocysts were evaluated in multiple aspects.  The stage of development, 

blastocyst diameter, inner cell mass (ICM) dimensions, and trophectoderm cell 

count of fresh blastocysts were recorded.  The presence or absence of necrotic 

foci in the ICM, relative compaction of the ICM, and any sparse areas in the 

trophectoderm were also observed.  A subjective combination of all of these 

observations was used in selecting blastocysts for transfer.  

 

The best embryos were selected for transfer when, in the judgement of the 

embryologists and physicians, the morphologically best cohort of embryos 

presented.  This judgement considered the number and quality of blastocysts 

available at the time of assessment and the number and quality of embryos still 

developing.  There was some preference for transferring on day 5 if good 

blastocysts were present. 

 

The same embryo evaluation and selection process was applied to fresh 

autologous and fresh donor cycles.  

 

In this scheme, “day 5” and “day 6” are ordinal measures of embryonic 

developmental pace, roughly corresponding to “faster” and “slower”.  While a more 

continuous measure of developmental pace might be beneficial, the utility of the 

descriptors “day 5” and “day 6” in blastocyst transfer has been demonstrated (8, 9, 

10, 12). 

 

Only expanded supernumerary day 5 or day 6 blastocysts were selected for 

cryopreservation, typically in pairs.  The slow freezing technique included cooling 
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2°C per minute from room temperature until reaching –6°C, holding at –6°C for 10 

minutes, during which time each straw was seeded by touching it with cold 

forceps, then resuming cooling at 0.3°C per minute to –37°C.  Each straw was 

then plunged into liquid nitrogen.  Glycerol was used as a cryoprotectant.   

 

Frozen blastocysts were thawed as needed, typically in pairs, and selected 

surviving embryos were transferred within 1-1.5 hours of thaw.  Survival was 

assessed by the observation of less than 25% necrotic cells, that surviving cells 

were turgid, and that re-expansion was initiated.  Thawed blastocysts were 

transferred on the sixth day of progesterone supplementation.   

 

Patients were prepared for transfer with oral, intramuscular, and/or transdermal 

estradiol to maintain a serum estradiol level of at least 200 pg/ml.  Serial 

ultrasound examinations were performed and estradiol administration further 

adjusted if necessary to attain a target endometrial thickness of at least 8 mm and 

a trilaminar pattern.   Patients were given 100 mg of intramuscular progesterone in 

oil daily from the evening of the progesterone start date until 3-10 days after 

embryo transfer.  Patients were then transitioned to oral progesterone and/or 

progesterone suppositories to maintain a serum progesterone level of at least 15 

ng/ml. 

 

In oocyte donor cycles, the ovulation induction protocol was identical to that 

described above for the fresh autologous cycles.  Endometrial preparation in the 

recipient was similar to that described for FET cycles, with progesterone initiated 
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the day of oocyte retrieval.  Day 5 or day 6 blastocysts were transferred on the 

sixth or seventh day of progesterone supplementation, respectively. 

 

All transfers were performed under transabdominal ultrasound guidance.  Clinical 

pregnancy was identified through detection of one or more gestational sacs in 

subsequent transvaginal ultrasound examination at approximately 5-6 weeks 

gestation, following the detection of rising hCG titers.  Clinical pregnancy rates 

reported in this study were per transfer. 

 

All embryologists followed the same procedures during the study period.  Internal 

quality control measures were taken periodically to ensure comparability among 

various clinical staff, including the embryologists. These included testing for 

statistical relationship between the achievement of clinical pregnancy and the 

embryologist who performed ICSI, embryo selection, preparation for transfer, or 

embryo thaw. 

 

Chi-square tests were used for statistical comparisons of clinical pregnancy rates.  

Wilcoxon’s signed-ranks test was used to compare ages, oocyte yields, 

fertilization rates, numbers of transferred embryos, and implantation rates.   The 

fertilization and implantation rates were calculated for each cycle in order to 

properly treat each cycle (not each embryo) as an independent trial.  JMP version 

5.01a (SAS Institute, Cary, NC) was used for all of these analyses. 

 

Institutional review board approval was not needed for this retrospective study 

because it used existing data and did not reveal patient identities. 
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Results 

 

During the study period, there were 377 fresh autologous blastocyst transfer 

cycles, 106 FET cycles, and 56 donor cycles that met the basic inclusion criteria.  

These criteria required that embryos must have been transferred or frozen as day 

5 or day 6 blastocysts during the 20-month period from January 1, 2004 to August 

31, 2005.  GnRH antagonist must have been used in the stimulation cycle that 

produced the embryos.  The oocyte donor cycles must have used donors less 

than 35 years of age.  

 

Of the included cycles, 95.5% of fresh autologous cycles, 94.7% of FET cycles, 

and 87.5% of donor cycles used sets of embryos resulting from 100% ICSI 

fertilization.  All remaining cycles in this study used sets of embryos in which 

approximately 50% of embryos were fertilized conventionally and 50% by ICSI.  

There were no cycles in the study period that used only conventionally fertilized 

embryos. 

 

A comparison of day 5 and day 6 blastocyst transfers in fresh autologous cycles is 

given in Table 7-1. Between these two groups of transfers, there was no 

significant difference in patient age, oocyte number, fertilization rate, the 

proportion of cycles with 100% ICSI fertilization, or the number of transferred 

embryos.  Among the transferred embryos in both groups, the mean area of the 

inner cell mass and the number of trophectoderm cells were similar.  The mean 

diameter of transferred day 6 embryos was greater by 10 µm, or roughly 5% larger 
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than day 5 counterparts.  This, combined with the direction of non-significant 

differences in the other embryo measures, may indicate the transferred day 6 

blastocysts were further along in development than the transferred day 5 

blastocysts.  

 

There was a significant loss of efficacy, in both pregnancy and implantation rates, 

for day 6 blastocysts when compared to day 5 blastocysts.  These results are 

similar to those in prior studies (8, 9, 10).   

 

A similar comparison of day 5 and day 6 blastocysts in FET cycles is given in 

Table 7-2.  There was no significant difference in pregnancy and implantation 

rates between day 5 and day 6 blastocysts in these FET cycles.  Similar findings 

have been reported in prior studies (14, 15).   
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Table 7-1: Comparison of day 5 and day 6 blastocyst transfers in fresh 
autologous cycles, based on the day the expanded blastocysts were 
transferred 
 

Fresh autologous cycles
 

________________________________________________________________ 

    Day 5  Day 6   P-value 

________________________________________________________________ 

Cycles    149  228 

Patient age 
a
 (yr)  32.6±4.9 33.6±4.6  NS 

Oocytes recovered 
a
  18.2±11.9 15.3±8.5  NS 

Fertilization 
a
 (%)  71.2±15.3 68.6±17.0  NS  

100% ICSI cycles  140 (94.0%) 220 (96.5%)  NS 

50% ICSI cycles  9 (6.0%) 8 (3.5%)  NS 

Embryos transferred 
a
  2.1±0.5 2.1±0.6  NS 

ICM area (µm
2
) 

a, b
  4,485±1089 4,506±1552  NS 

Embryo diameter (µm) 
a, b

 184.4±13.8 194.4±18.7  P<0.0001 

Trophectoderm cells 
a, b

 14.8±3.6 15.2±4.3  NS 

Implantation rate 
a
 (%) 35.2±39.4 21.2±33.5  P=0.0002 

Clinical pregnancy rate (%)  51.0  33.3   P=0.0006 

________________________________________________________________ 

Note: NS = not significant.  
a Values are mean plus or minus one standard deviation. 
b Embryo measurements (ICM area, embryo diameter, trophectoderm cell counts) 
are for transferred embryos only.  Trophectoderm cells were counted in one plane, 
around an embryonic “equator”, not on the entire embryo surface. 
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Table 7-2: Comparison of day 5 and day 6 blastocyst transfers in autologous 
FET cycles, based on the day the expanded blastocysts were frozen 
 

Autologous FET cycles
 

_________________________________________________________________ 

    Day 5  Day 6   P-value 

_________________________________________________________________ 

Cycles    33  73 

Age at retrieval 
a, b

 (yr) 31.0±4.0 32.5±4.3  NS 

Age at transfer 
a, c

 (yr)  31.4±3.9 32.7±4.4  NS 

100% ICSI cycles 
b
  30 (90.9%) 70 (95.8%)  NS 

50% ICSI cycles 
b
  3 (9.1%) 3 (4.2%)  NS 

Embryos thawed  86  166 

Survival rate (%)  97.7  98.8   NS 

Embryos transferred  77  158 

Mean embryos transferred 
a
 2.3±0.5 2.2±0.7  NS 

Implantation rate 
a
 (%) 37.4±34.6 37.7±37.0  NS 

Clinical pregnancy rate (%) 63.6  58.9   NS    

_________________________________________________________________ 
Note: NS = not significant. 
a
 Values are mean plus or minus one standard deviation. 

b
 In the fresh cycle that produced the embryos. 

c 
In the FET cycle. 

 

A comparison of autologous fresh and FET cycles using day 6 blastocysts is found 

in Table 7-3.  Day 6 blastocysts had significantly greater implantation (P=0.0004) 

and pregnancy rates (P=0.0001) in the FET cycles than in the fresh cycles.  This 

is similar to the findings of a previous study (9). 

 

No FET cycle was canceled after blastocyst thaw during the study period.   There 

were nine excluded autologous FET cycles in the study period.  Of these, three 

used embryos frozen at earlier stages, one used thawed day 5 and day 6 

blastocysts and thus could not be assigned to either group, and five used embryos 

frozen before the 20-month study period, under different methods for embryo 

culture and cryopreservation.  Six (66.7%) of these nine excluded FET cycles 

achieved clinical pregnancy. 
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Table 3: Comparison of transfers of day 6 blastocysts in autologous fresh 
and FET cycles 

 

Day 6 Blastocysts 

___________________________________________________________________ 

    Fresh Autologous Autologous FET P-value 

___________________________________________________________________ 

Cycles    228   73 

Age at retrieval (yr)  33.6±4.6  32.5±4.3  NS 

100% ICSI cycles 
b
  220 (96.5%)  70 (95.9%)  NS 

50% ICSI cycles 
b
  8 (3.5%)  3 (4.1%)  NS 

Mean embryos transferred 
a
 2.1±0.6  2.2±0.7  NS 

Implantation rate 
a
 (%) 21.2±33.5  37.7±37.0  P=0.0004 

Clinical pregnancy rate (%) 33.3   58.9   P=0.0001 

___________________________________________________________________ 
Note: NS = not significant. 
a
 Values are mean plus or minus one standard deviation. 

b
 In the fresh cycle that produced the embryos. 

 

A comparison of day 5 and day 6 blastocyst transfers in fresh donor cycles is 

given in Table 7-4. Between these two groups of transfers, there were no 

significant differences in donor age, recipient age, oocyte number, fertilization 

rate, the proportion of cycles with 100% ICSI fertilization, or the number of 

transferred embryos.  Among the transferred embryos in both groups, the mean 

area of the inner cell mass, mean embryo diameter, and the mean number of 

trophectoderm cells were similar. The extra day of growth roughly compensated 

for the slower growth of day 6 blastocysts resulting in similar morphology with the 

day 5 embryos at the time of embryo transfer.  In these donor cycles, day 6 

blastocysts achieved significantly higher pregnancy rates than day 5 blastocysts.  

This is the reverse of the pattern observed in fresh autologous cycles in the 

current and prior studies (8-11).  

 

The disparate patterns in clinical pregnancy rates in Tables 7-1, 7-2, 7-3, and 7-4 

are summarized in Figure 7-1.  This chart shows day 5 blastocysts outperforming 
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day 6 blastocysts in fresh autologous cycles, while that trend is reversed in the 

donor cycles, and no significant difference was observed in the FET cycles. 

 

Table 4: Comparison of day 5 and day 6 blastocyst transfers in fresh donor 
cycles 

Fresh donor cycles 
________________________________________________________________ 

    Day 5  Day 6   P-value 

________________________________________________________________ 

Cycles    27  29 

Oocyte source age 
a
 (yr) 25.4±4.4 25.5±3.4  NS 

Recipient age 
a
 (yr)  38.2±6.4 40.5±3.9  NS 

Oocytes recovered 
a
  26.8±12.4 24.7±10.0  NS 

Fertilization 
a
 (%)  71.9±14.3 69.3±11.7  NS 

100% ICSI cycles  24 (88.9%) 25 (86.2%)  NS 

50% ICSI cycles  3 (11.1%) 4 (13.8%)  NS 

Embryos transferred 
a
  2.1±0.4 2.1±0.6  NS 

ICM area (µm
2
) 

a, b
  4,675±754 4,932±992  NS 

Embryo diameter (µm) 
a, b

 192.7±10.3 197.0±17.9  NS 

Trophectoderm cells 
a , b

 16.0±3.1 16.5±3.4  NS 

Implantation rate 
a
 (%) 53.7±46.1 69.3±37.1  NS 

Clinical pregnancy rate (%) 63.0  86.2   P=0.04 

_________________________________________________________________ 
Note: NS = not significant. 
a
 Values are mean plus or minus one standard deviation. 

b
 Embryo measurements (ICM area, embryo diameter, trophectoderm cell counts) are for 

transferred embryos only.  Trophectoderm cells were counted as in the autologous cycles. 
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Figure 7-1: The pattern of clinical pregnancy rates for day 5 blastocysts 

and day 6 blastocysts showed distinct differences in fresh autologous, 

FET, and donor cycles. 

 
 

Discussion 

 

Studies of shared oocyte cycles, where the oocytes are split between oocyte 

producers and recipients, have revealed that the recipients have higher pregnancy 

and implantation rates than the producers (22).  Because the oocytes are shared, 

it has been logically concluded that the difference was primarily due to different 

endometrial receptivity.  In the present study, analogous comparisons are made 

using fresh and FET cycles.  Substantially different success rates in fresh and 

FET cycles must reflect different receptivity of the endometrium, less any negative 

effects of cryopreservation on the embryos.  Furthermore, a comparison of the 

implantation and pregnancy rates of day 5 and day 6 blastocyst transfers in fresh 

and FET cycles can be used to determine if different embryo growth rates reflect 

different inherent embryo viability or better synchrony with the endometrium. 
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In the current study, day 5 blastocyst transfers outperformed day 6 blastocyst 

transfers in fresh autologous cycles, despite the day 6 blastocysts having a mean 

embryo diameter 10µm greater than the day 5 embryos, similar ICM area, and 

similar trophectoderm cell counts at transfer.  However, cryopreserved day 6 

blastocysts in FET cycles outperformed day 6 blastocysts in fresh autologous 

cycles.  Furthermore, cryopreserved day 6 blastocysts performed on par with 

cryopreserved day 5 blastocysts in FET cycles.  It seems implausible that 

cryopreservation could have improved the embryos.  If the superior performance 

of day 5 blastocysts in fresh autologous cycles was due to inherently superior 

embryo quality, then they should also have outperformed day 6 blastocysts in FET 

cycles.  The fact that this did not happen suggests the superior performance of 

day 5 blastocysts in the fresh autologous cycles may have been due to better 

synchrony between these faster growing embryos and the advanced endometrium 

in the fresh autologous (stimulated) cycles. 

 

The similar performance of cryopreserved day 5 and day 6 blastocysts in FET 

cycles might reflect their similar stage of embryonic development when frozen, 

subsequently thawed, and then transferred into identically prepared endometria.  

Therefore, the synchrony between embryonic and endometrial development was 

similar for day 5 and day 6 blastocysts in these FET cycles.  With similar 

synchrony, they had similar success.  This has been previously suggested (15). 

 

The superior pregnancy rates for day 6 blastocysts in donor cycles, compared to 

their day 5 counterparts, contrast with the pattern seen in fresh autologous cycles. 
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The artificial cycles have a shorter and more precisely controlled duration of P4 

exposure, enabling optimal and reproducible synchronization that results in 

consistently better synchrony of day 6 blastocysts with the endometrium in these 

donor cycles.   

 

The pregnancy rates in FET cycles, whether using day 5 or day 6 blastocysts 

(63.6% and 58.9%, respectively), were comparable with that of day 5 blastocysts 

in donor cycles (63.0%).  All of these represent high quality embryos each placed 

into an endometrium after the same duration of P4 supplementation.  The greater 

pregnancy rate (86.2%) with day 6 transfers in donor cycles corresponds with a 

greater duration of P4 supplementation, perhaps with resultant better synchrony.  

A similar pregnancy rate of 87% has been reported using pairs of high-quality day 

5 blastocysts in donor cycles (3).   However, in that study, P4 supplementation 

was initiated one day earlier than in the current study.   Therefore, the day 5 

transfers in that study had the same duration of P4 supplementation as that for the 

day 6 transfers in the donor cycles of the current study. 

 

Embryo grading systems that emphasize rapid embryo development are 

appropriate for fresh autologous IVF cycles.  However, grading systems for donor 

cycles should favor those embryos best synchronized with the endometrium and 

this, in turn, will depend on the timing of progesterone initiation.  Paradoxically 

then, slower growing embryos being might be preferred over their faster growing 

siblings in cycles where progesterone supplementation is begun later.  
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Long ago it was speculated that endometrial receptivity was the “rate-limiting step” 

in IVF cycles (23).  This may still be true for fresh cycles until some means is 

found to reduce the endometrial advancement.  It has been suggested that the 

solution to the asynchrony problem in fresh cycles may be the use of 

antiprogestins to block the action of P4 (9).  Antiprogestins administered with 

proper timing might reduce or prevent such endometrial advancement.  Initial 

research in this area has been promising (24).   Another approach might be to 

control estradiol production and the resulting uterine hypersensitivity to P4 due to 

up-regulation of P4 receptors. 

 

A retrospective study of something as complex as embryo-endometrium 

synchrony across many cycle types, especially in the presence of potentially 

confounding variables, is typically more suggestive than conclusive.  For example, 

there may have been differences in the quality of transferred day 5 and day 6 

embryos that affected implantation.  This might explain some of the difference 

between day 5 and day 6 transfers in the fresh autologous cycles, but cannot 

explain the changing patterns in pregnancy rates among the various cycle types 

studied here.  How much of this effect was due to embryo quality versus embryo-

endometrial synchrony cannot be precisely stated from the data here.  However, 

synchrony may be the larger effect, owing to the reversal of the relative 

performance of day 5 and day 6 blastocysts in the donor cycles. 

 

The effects noted here suggest that many IVF cycle failures may, in part, be 

caused by sub-optimal synchrony between the endometrium and otherwise viable 

embryos. This is further supported by similar findings in studies of fresh 
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autologous cycles (9, 12), growth potential of slower growing embryos in culture 

(6), and the disparate patterns of endometrial development in stimulated and 

artificial cycles (16-20).  Confirmation of this hypothesis awaits a prospective study 

that might fully control for the quality of transferred embryos on day 5 and day 6. 
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Abstract 

Objective: To identify dominant predictors of clinical pregnancy in cycles of in 

vitro fertilization (IVF). 

Design:  Retrospective study. 

Setting:  Private fertility center 

Patient(s): The study included 580 fresh autologous IVF cycles with blastocyst 

transfer. 

Intervention(s): None. 

Main Outcome Measures: Clinical pregnancy rate. 

Results: A set of 25 suspected predictors was used to develop predictive models 

of clinical pregnancy in a set of 361 blastocyst transfer cycles.  Initial bivariate 

analysis identified 14 of these variables that were significant enough to be 

candidate variables for multiple logistic regression. Similar sets of significant 

variables were identified with alternative approaches for model construction.  The 

final model included blastocyst diameter, day of blastulation and pre-ovulatory 

serum progesterone level as significant predictors of clinical pregnancy.  

Specifically, clinical pregnancy was predicted by pre-ovulatory serum 

progesterone <1.0 ng/ml, blastulation on day 5, and large blastocyst diameter.  Of 

these variables, blastocyst diameter was the most significant predictor of clinical 

pregnancy in the multivariate models.  The final model was validated against a 

separate set of 219 subsequent blastocyst transfer cycles. 

Conclusions: Pre-ovulatory serum progesterone level, blastulation day, and 

embryo diameter are simultaneously predictive of clinical pregnancy and their 

relationships with clinical pregnancy are consistent with an effect of embryo-

endometrium synchrony. 
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Introduction 

 

The transfer of blastocysts instead of earlier stage embryos confers certain 

advantages.  Blastocyst transfer precludes the transfer of embryos that lack the 

developmental potential to reach the blastocyst stage.  Furthermore, compared to 

earlier stages, blastocysts have a more complex and potentially informative 

morphology that allows more elaborate and effective grading systems (1, 2, 3). 

 

Some useful criteria for embryo grading are subjective or, if defined objectively, 

are based on subjective assessment.  For example, when deciding if the 

proportion of volume that is occupied by the blastocele exceeds a stated criterion, 

many would rely on visual judgement instead of measurement.  A further limitation 

of subjective embryo grading is the limited utility of nominal data (3).  While 

subjective criteria can be effective, the use of objectively measured criteria may 

convey distinct advantages, including greater reproducibility.  Some potentially 

important objective and quantitative criteria include blastocyst diameter, size of the 

inner cell mass, and the number of cells in the trophectoderm. 

 

Blastocyst diameter, size of the inner cell mass, and the number of cells in the 

trophectoderm can be readily and objectively measured.  These measures, along 

with day of blastulation, may be useful indicators of embryo developmental pace.  

The authors and others have previously reported that the day of blastulation has a 

significant correlation with implantation and pregnancy rates in cycles of fresh 

blastocyst transfer  (4, 5, 6).  This effect is not observed in frozen blastocyst 

transfer cycles (6, 7, 8, 9), suggesting the effect is related to embryo-endometrium 
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synchrony.  There are no prior reports relating blastocyst diameter to autologous 

IVF cycle outcome in humans, although the transfer of fully expanded blastocysts 

has been reported to yield a greater implantation rate than transfers of less 

developed blastocysts (10, 11). 

 

The likely impact of supraphysiological steroid levels on endometrial maturation 

has been discussed previously (12).  Elevated peri-ovulatory serum progesterone 

(P) levels have been correlated with failure of fresh autologous IVF cycles (13, 

14).  This may reflect the effect of P on endometrial development.  Studies of 

oocyte donation cycles and thawed embryo transfers have noted a lack of 

correlation, or even a positive correlation, between pre-ovulatory serum P in the 

oocyte source cycle and pregnancy in recipients, suggesting that serum P does 

not substantially affect oocyte quality (15, 16, 17, 18, 19). 

 

The current study used many potentially significant independent variables to 

construct models of clinical pregnancy as the dependent variable in multiple 

logistic regression.  Such multivariate analysis holds advantages over the usual 

univariate or bivariate methods.  For example, because multiple independent 

variables are simultaneously considered, it may be determined if their effects are 

redundant or if the additional variables bring additional predictive information to 

the model. 
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Materials and Methods 

 

The methods employed in the study period have been previously described in 

detail (6).  In summary, patients were stimulated with gonadotropins and down-

regulated with GnRH antagonist.  When an optimal cohort of follicles presented, 

final oocyte maturation was triggered with hCG or GnRH agonist.  In some cases 

in the validation period (see below), final oocyte maturation was triggered with a 

combination of GnRH agonist and a low dose of hCG (1,000 to 5,000 IU, typically 

about 1,500 IU).  Ongoing internal quality control confirmed that clinical pregnancy 

rates were comparable after each type of trigger.   

 

Luteal support consisted of supplemental estradiol and progesterone, with 

progesterone beginning the day after retrieval and estradiol started as needed in 

order to sustain serum levels of 15 ng/ml and 200 pg/ml respectively until 8-10 

weeks gestation. Serum levels of estradiol and progesterone were measured 

throughout stimulation, the luteal phase, and during any resulting pregnancies by 

solid phase competitive chemiluminescent enzyme immunoassays performed on a 

Siemens Immulite ® 2000.   

 

Embryos were inseminated by intracytoplasmic sperm injection (ICSI) or else, 

rarely, half were inseminated by ICSI and half conventionally.  No cycle in this 

study period used only conventional insemination. The embryos were grown in 

sequential media (Quinn’s Advantage Protein Plus Cleavage Medium and 

Blastocyst Medium; Sage, Trumbull, CT), and selected blastocysts were 
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transferred on the first day that good blastocysts presented, typically day 5 or day 

6.  

 

Here “day 5” and “day 6” are ordinal measures of embryo development rate, 

roughly corresponding to “fast” and “slow”.  The effect of blastulation day on cycle 

outcome has already been reported (4, 5, 9, 20, 21). 

 

Blastocysts were evaluated just before transfer.  The stage of development, 

blastocyst diameter, inner cell mass (ICM) dimensions, and trophectoderm cell 

count of fresh blastocysts were recorded.  Blastocyst diameter was measured 

from zona edge to zona edge along the longest axis through an ocular 

micrometer.  The size of the inner cell mass was measured similarly, except that 

two perpendicular measures were obtained.  These were multiplied in order to 

approximate a cross-sectional ICM area in units of µm2.  Trophectoderm cell 

counts were obtained around an embryonic “equator” in one plane of focus, 

counting only cells that were immediately opposed to the inner surface of the zona 

pellucida.  Among the blastocysts in each transfer, the maximum, minimum, and 

mean were evaluated for each of the above measures (diameter, inner cell mass 

cross-sectional area, and trophectoderm cell count). 

 

JMP version 5.01a (SAS Institute, Cary, NC) was used for all statistical analyses. 

Chi-square tests or Fisher’s exact test were used for bivariate analysis of any 

effects of nominal independent variables on clinical pregnancy, and Wilcoxon’s 

signed-ranks test was used for similar bivariate testing of numeric independent 

variables. Stepwise logistic regression was used to construct models for predicting 
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clinical pregnancy.  Candidate variables for these stepwise analyses were those 

with p-values less than 0.25 in the previous bivariate analyses (22). 

 

Two different stepwise methods were used to construct models.  The first method 

was forward selection followed by backward elimination.   The second method 

was backward elimination followed by forward selection.  With forward selection, 

variables are sequentially selected for inclusion in the model in order of their 

contribution to the model, starting with the most significant variable.  The model 

parameters and marginal contributions of remaining variables are recalculated 

after each selection step.  With backward elimination, variables are sequentially 

removed, starting with the least significant variable, and again, all parameters are 

recalculated after each step.  The goal is to find the most ideal subset of 

significant variables and therefore the best model.  In all cases, the criteria for 

entry into the model was that the candidate variable had a p-value less than 0.25.  

Once entry was completed, any variables in the models with p-values less than 

0.05 were then sequentially removed.  Sequential variable selection methods are 

described in detail elsewhere (22). 

 

IRB approval was obtained for this retrospective study and also for waiver of 

informed consent. 

 

Results 

 

The study period included two periods that defined two distinct sets of data.  

These two sets were the training set for developing models and the validation set 
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for validating the final developed model.  The training set included 361 fresh 

autologous cycles that met the inclusion criteria.  These criteria required that 

measured day 5 or day 6 blastocysts must have been transferred during the 20-

month period from January 1, 2004 to August 31, 2005, and that GnRH antagonist 

must have been used for pituitary suppression.  The 219 blastocyst transfer cycles 

in the validation set met the same criteria, but were performed in the subsequent 

16-month period ending December 31, 2006. 

 

The 361 cycles in the training set involved 320 patients.  Of these, 279 had one 

cycle and 41 had two cycles.  None of these patients had more than two qualifying 

cycles in the study period.  Of the 361 included cycles, 345 used sets of embryos 

resulting from 100% ICSI insemination.  All remaining cycles used sets of embryos 

in which approximately half of the embryos were conventionally inseminated and 

the other half was inseminated by ICSI.  No cycle had only conventionally 

inseminated embryos. 

 

A comparison of cycle parameters by outcome is shown in Table 8-1.  The eight 

variables with P-values less than 0.05 (marked with *) were obvious candidates for 

use in logistic regression.  However, this criterion alone may be too restrictive, and 

the inclusion of variables with p-values as high as 0.15-0.25 has been 

recommended (22).  Therefore, six additional variables with P-values less than 

0.25 (marked with **) were also candidates for use in logistic regression.  In total, 

14 variables were candidates for logistic regression analyses. 
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Two alternative methods for stepwise regression were used, and the results of 

both methods are shown in Table 8-2. These methods yielded similar models.  

With both methods, the most significant variable was the diameter of the 

transferred blastocysts (maximum diameter in the case of forward selection model 

and mean diameter in the backward elimination), and the other included variables 

were blastulation day, patient age, and peri-ovulatory serum P level.   

 

Although these models were statistically significant in predicting clinical 

pregnancy, lack of fit to the logistic model was highly significant for each method.  

Clinical pregnancy, as predicted by these variables, did not fit the logistic curves. 

This was expected because of the method for measuring blastocyst diameter, 

specifically measurement along the longest axis, yields extreme values for 

hatching blastocysts due to their elongation while hatching, potentially giving even 

larger values than for fully hatched blastocysts. Furthermore, the effects of serum 

P are typically described using threshold values (13, 14, 23, 24).  
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Table 8-1: General comparison of 25 variables by outcome in the training set 
       Clinically Not Clinically 

       Pregnant Pregnant P-value 

 

Transfers      147  214   

Patient age (y)      32.3±4.5 33.7±4.7 0.0078 * 

Prior IVF cycles     0.37±0.71 0.44±0.78 0.4310 

Body mass index (kg/m
2
)    25.6±5.6 26.4±7.2 0.7352 

Cycle Day 3 FSH     6.43±2.59 6.80±2.89 0.3510 

Cycles using GnRH agonist trigger   30 (20.4%) 50 (23.3%) 0.5064 

Serum P, day of ovulatory trigger (ng/ml)  1.41±0.72 1.60±0.80 0.0181 * 

Serum P, day after ovulatory trigger (ng/ml)  7.12±4.66 8.09±5.21 0.0205 * 

Serum E2, day of trigger (pg/ml)   3220±1903 3216±1811 0.6579 

Follicles, day of trigger    18.6±8.7 19.5±9.9 0.4315 

Endometrial thickness, day of trigger (mm)  10.2±2.2 9.8±1.9 0.2637 

Oocytes collected     16.8±11.4 16.5±9.2 0.6343 

Fertilized embryos (2pn)    11.8±5.1 11.1±6.6 0.9500 

Day 5 blastulation and transfer   73 (49.7%) 70 (32.7%) 0.0012 * 

Transfers of ≥1 hatched or hatching blastocyst 7 (4.8%) 2 (0.93%) 0.0347 * 

Number of transferred embryos   2.1±0.4 2.1±0.6 0.7938 

Number of cryopreserved supernumerary embryos 3.0±5.1 2.3±3.6 0.0539 ** 

Maximum diameter of transferred blastocysts (µm) 203.0±25.5 195.9±21.9 0.0018 * 

Mean diameter of transferred blastocysts (µm) 193.2±18.1 188.5±17.0 0.0123 * 

Minimum diameter of transferred blastocysts (µm) 183.6±15.9 181.4±15.9 0.2153 ** 

Maximum trophectoderm cell count   17.5±5.6 16.2±4.6 0.0409 * 

Mean trophectoderm cell count   15,6±4.2 14.7±3.9 0.0969 ** 

Minimum trophectoderm cell count   13.6±3.7 13.2±3.8 0.4476 

Maximum ICM area (µm
2
)    5,229±1,479 4,998±1,692 0.1517 ** 

Mean ICM area (µm
2
)     4,610±1,193 4,419±1,508 0.1192 ** 

Minimum ICM area (µm
2
)    4008±1164 3868±1575 0.1673 ** 

Values for numeric variables are mean ± one standard deviation. 
Values for nominal variables are counts, with proportions in parentheses. 
* P<0.05  ** 0.05<P<0.25 

 

 

For the reasons just stated, and also because clinical decisions typically rely on 

specific decision points, serum P on the day of trigger, serum P on the day after 

trigger, maximum blastocyst diameter, and mean blastocyst diameter were each 

used to develop corresponding dichotomous nominal variables.  These 

dichotomous variables are defined in Table 8-3.  The threshold of 1.0 ng/ml for 

pre-ovulatory serum P has been studied previously (13, 23, 24). 
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Table 8-2: Models derived from the training set 

 
Forward Backward 

Selection Method  Elimination Method 

 

Variables selected:  4      4 

 

Selected variables a  1. Maximum diameter of transferred  1. Mean diameter of

     blastocysts (P=0.0000)    transferred 

blastocysts 

          (P=0.000) 

 

    2. Age (P=0.0001)    2. Day 5 blastulation  

            (P=0.0001) 

 

    3. Day 5 blastulation (P=0.0001)   3. Age (P=0.0002) 

 

    4. Serum P, day after    4. Serum P, day of  

        trigger (P=0.0012)        trigger (P=0.0019)  

 

Intercept:   Not significant     Not significant 

 

Model P-value   <0.0001      <0.0001 

 

ROC AUC b   0.691      0.679 

 

Lack of fit, P-value  0.0005      0.0006 

 
a Variables are listed in order of significance within the model derived under each method. 
b Area under the curve of the receiver operating characteristic function. 

Values in parentheses are P-values of Wald chi-square tests of significance. 

 

It’s been shown that day 6 blastocysts are larger, on average, than day 5 

blastocysts, with the extra day of growth more than compensating for the slower 

growth rate of day 6 blastocysts (6).  Therefore, whether an embryo is “large” or 

“small” should be based on the day when it is measured.  The mean diameter of 

embryos transferred on day 5 was 184.4µm while that on day 6 was 194.4µm 

(P<0.0001). The mean diameter of the largest transferred embryo on day 5 was 

190.8 µm, while that on day 6 was 204.0 µm (P<0.0001).  These values, each 

rounded to the nearest multiple of 2.5 µm (the ocular micrometer yielded only 

multiples of 2.5 µm), were used to refine the dichotomous variables with values 

“large” and “small” for day 5 and day 6 transfers, respectively, as described in 

Table 8-3. 
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Table 8-3: Definitions of dichotomous variables derived from statistically 
significant continuous variables 
 

Continuous variable  Nominal dichotomous variable Values    

 

 

Maximum diameter of  Maximum diameter group  “Large” if largest blastocyst >190µm 

on  

transferred blastocysts      day 5 or if >205µm on day 6, 

“Small”        otherwise   

    

 

Mean diameter of   Mean diameter group  “Large” if mean diameter  

transferred blastocysts      >185µm on Day 5 or if  

        mean diameter >195µm  

on day 6, “Small” otherwise  

 

Serum P, day after ovulatory  Post-ovulatory P group  “Low” if P_After_Trigger<6.5, 

trigger        “High” otherwise 

 

Serum P, day of ovulatory trigger Pre-ovulatory P group  “Low” if P_After_Trigger<1.0, 

        “High” otherwise 

 

 

 

 

Logistic regression was applied with the dependent variable clinical pregnancy 

versus the new set of candidate independent variables Age, Day 5 blastulation, 

Maximum diameter group, Mean diameter group, Post-ovulatory P group, and 

Pre-ovulatory P group.  Again, the two alternative methods of forward selection 

and backward elimination were tried, and in these analyses these two methods 

returned identical models.  In these analyses, Age was not significant (P=0.65), 

and was therefore removed.  The remaining variables in the model were Maximum 

diameter group (P=0.0000, odds ratio (OR) 3.38, 95% CI 2.16 to 5.35), Day 5 

blastulation (P=0.0042, OR 1.92, 95% CI 1.23 to 3.02), and Pre-ovulatory P group 

(P=0.0001, OR 2.45, 95% CI 1.57 to 3.88).  The model was significant 

(P<0.0001), lack of fit was not significant (P=0.99), and. R2 was 0.0915.  The area 

under the receiver’s operating characteristic function was 0.70. 
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In this final model, the greatest probability of clinical pregnancy was predicted 

when pre-ovulatory serum P was less than 1.0 ng/ml, when blastulation occurred 

on day 5, and when large blastocysts were transferred.  Elevated pre-ovulatory P, 

small blastocysts, and day 6 blastulation were each associated with a reduction in 

the probability of clinical pregnancy.  Since each of the variables employed is 

dichotomous, they may be used in combination to define eight (23=8) subsets. The 

observed pregnancy rates and those predicted by the model for each of these 

eight subsets are provided in Table 8-4. 

 

Table 8-4: Predicted and actual clinical pregnancy rates in the training set (N=361) 
and validation set (N=219) 
Blastulation   Blastocyst Predicted Observed   Observed 

Day  P a  Diameter b Rate  PR c   PR d 

Five  Low  Large  80.0%  73.3% (11/15)  69.2% (9/13) 

Five  Low  Small  54.2%  55.0% (11/20)  65.0% (13/20) 

Five  High  Large  61.9%  62.3% (33/53)  43.2% (16/37) 

Five  High  Small  32.5%  32.7% (18/55)  42.2% (19/45) 

Six  Low  Large  67.5%  66.7% (8/12)  62.5% (10/16) 

Six  Low  Small  38.1%  39.0% (16/41)  26.1% (6/23) 

Six  High  Large  45.8%  46.4% (32/69)  35.7% (10/28) 

Six  High  Small  20.0%  18.8% (18/96)  18.9% (7/37) 

a = Based on whether pre-ovulatory serum P level exceeded 1.0 ng/ml. 
b = Based on whether the diameter of the largest transferred blastocyst exceeded the average for the day 
it was measured. 
c = Observed in training set. 
d = Observed in validation set. 

 

 

Table 8-4 reveals that the model had adequate fit to the training set from which it 

was derived.  Each group had an observed pregnancy rate that was close to the 

predicted rate, with the exception of one group.  That group, with early 

blastulation, low pre-ovulatory P, and large blastocysts, had a predicted 

pregnancy rate of 80% and an observed rate of 73.3% (11 pregnancies out of 15 

transfers).   
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The fit of a model to the data set used for its derivation is typically optimistic (22).  

Therefore, the model was also compared to a separate validation set of 219 

blastocyst transfer cycles in order to verify fit to an independent set of 

observations.  This is an important step in order to confirm that the derived model 

is useful for predicting future outcomes (22).  The last column in Table 4 shows 

the observed frequencies of clinical pregnancy in the validation set.  As expected, 

the rates of clinical pregnancy in the validation set did not fit the model as closely 

as did the training set.  However, a chi-square goodness-of-fit test did not find 

significant difference between the observed frequencies in the validation set and 

those predicted by the model (P=0.59). 

 

One recent meta-analysis (25), investigating the effect of pre-ovulatory serum P, 

excluded any study that allowed repeated cycles from the same patient, and cited 

arguments for potential bias in studies that include repeated cycles from patients.  

The current study included 41 patients that had two cycles in the training set.  To 

determine if any such potential bias might have distorted the final model 

developed here, the model was re-derived with only 320 records, using only the 

first cycle from each patient in the training set.  This resulted in the same set of 

final variables being selected, once again with age removed due to non-

significance (P=0.19), with Maximum diameter group (P=0.0000), day of 

blastulation (P=0.0011), and Pre-ovulatory P group (P=0.0017) being the final 

selected variables, and each of their regression coefficients within 15% of their 

respective values in the final model derived from the complete set of all 361 

records.  The resulting overall model was still highly significant (P<0.0001), the 

area under the ROC curve was slightly lower, at 0.692, and lack of fit was again 

156 



 

 

not significant (P=0.97).  The estimated probabilities of clinical pregnancy in each 

of the eight subsets were within 5% of their previous estimates, and goodness-of-

fit comparison of this model against the validation set was again not significant 

(P=0.74).  There were, therefore, no qualitative differences between the model 

derived from 320 records with one cycle per patient and the final model derived 

from all 361 records. 

 

Discussion 

 

In summary, each of 25 initial variables was tried individually as a predictor of 

clinical pregnancy after blastocyst transfer, and any variables with P-values less 

than 0.25 in that analysis were candidates for use in multivariate models.  Two 

standard stepwise logistic regression procedures were then used to develop initial 

models to predict clinical pregnancy, and these resulting models included patient 

age, pre-ovulatory serum progesterone level, the day of blastulation, and the 

diameter (whether maximum or mean) of the transferred blastocysts.  However, 

significant lack of fit and other considerations required the use of analogous 

dichotomous variables for blastocyst diameter and progesterone levels.  A final 

model was constructed using these dichotomous variables, along with patient age 

and blastulation day, but patient age was then removed because it was no longer 

statistically significant. This final model was then validated through comparison 

with a separate data set, and the clinical pregnancy rates predicted by the model 

were not significantly different from those observed in that validation set. 
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Among the variables considered here, the diameter (maximum or mean) of 

transferred blastocysts appeared to be the most important in the models.  It was 

consistently the first (most significant) variable to enter each model and also had 

the most dramatic effect on pregnancy rate in the training set. When the two other 

variables in the final model were held constant, a change from small to large 

blastocysts was associated with 18-30% increase in the clinical pregnancy rate 

(see Table 4).  The next most significant variable in the final model, blastulation 

day, also relates to embryo developmental pace. 

 

It is often reported that, in fresh autologous IVF cycles, rapidly developing 

embryos are more likely to implant than are their slower counterparts.  This effect 

has been reported for early cleavage (26), early blastulation (4, 5, 11, 20, 21, 27) 

and early hatching (28).  The current study adds large blastocyst diameter to this 

list of useful indicators of developmental advancement and implantation potential.  

The advantage of early blastulation has been previously ascribed to better 

synchrony between embryo development and the period of endometrial receptivity 

in fresh autologous cycles (6, 9, 20).  Ovarian stimulation affects the endometrium 

so that it is histologically advanced about 1-2.5 days (29, 30, 31, 32) when 

compared to natural cycles.  Any acceleration in endometrial development would 

logically favor the fastest embryos. 

 

Elevated pre-ovulatory progesterone has been previously reported to significantly 

reduce pregnancy and implantation rates in fresh autologous cycles (13, 14, 23, 

24) and to correlate with advanced development of endometrial pinopods (30) and 

echogenicity (33).  It has also been reported that, in cycles of oocyte donation or 

158 



 

 

thawed embryos transfer, elevated pre-ovulatory serum P is uncorrelated with 

pregnancy, or is positively correlated (15, 16, 17, 18, 19). These findings suggest 

that elevated progesterone does not impair embryo quality, but instead alters 

endometrial development.  However, some reports have found no effect of 

elevated pre-ovulatory P in fresh autologous cycles, and the diverse findings 

among the many published reports complicate their interpretation (15). The 

comparable impact of small blastocysts, late blastulation, or elevated pre-

ovulatory P suggests that the transfer of rapidly developing embryos could negate 

the effect of elevated P in studies that do not control for embryo developmental 

pace.  The confounding of embryonic and pre-ovulatory P effects has been 

previously considered (13). 

 

The final model’s simultaneous inclusion of blastulation day, blastocyst diameter, 

and peri-ovulatory serum progesterone level indicates these variables are not 

redundant, and each provides highly significant information even in the presence 

of the others.  Clearly blastocyst diameter alone cannot convey embryo 

developmental pace without simultaneously considering the day of blastulation 

(and measurement), so it is natural to simultaneously include both of those 

variables. The model’s inclusion of pre-ovulatory serum P levels is interesting, 

given the relationship of serum P with endometrial advancement (30, 33), and 

suggests that the highest pregnancy rates were associated with the most 

advanced embryos and the least advanced endometria.  The final model’s 

inclusion of variables related to the rates of embryonic and endometrial 

development suggests endometrial development should be properly synchronized 

with embryo development in order to achieve the highest pregnancy rates. 
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The models derived here, and the final model in particular, were dominated by 

variables related to the rates of embryo and endometrial development.  Large 

blastocysts, early blastulation, and low pre-ovulatory serum P were the most 

significant simultaneous predictors of clinical pregnancy. This strongly suggests 

that embryo-endometrium asynchrony was a dominant mechanism in cycle failure, 

and that the embryos were sometimes too slow in development relative to the 

endometrium.  The area under the ROC curve of the final model was 0.70.  A 

study of a similar set of data found a corresponding area of 0.645 using embryo 

criteria alone (3).  The greater area here may reflect the added value of including 

pre-ovulatory serum P in addition to embryo quality measures. 

 

The final model predicted a clinical pregnancy rate of 80% (see Table 8-4) when 

large blastocysts were transferred on day 5 and pre-ovulatory serum progesterone 

was low, indicating the most rapidly developed embryos and the least advanced 

endometria.  These optimal conditions also corresponded with the highest 

observed clinical pregnancy rates (69.2-73.3%) in both the training and validation 

data sets.  Lower pregnancy rates were predicted and observed when exactly one 

of these variables held its suboptimal value, and lower still when exactly two 

variables were suboptimal.  When all three variables had suboptimal values, the 

predicted pregnancy rate was 20% and the observed rate was 18.8% in the 

training set and 18.9% in the validation set.  As the number of variables taking on 

suboptimal values increased, consistent with worsening embryo-endometrium 

asynchrony, the predicted and observed pregnancy rates consistently decreased. 
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The thresholds used here may define sufficiently suboptimal conditions for fresh 

transfer that may warrant embryo cryopreservation in lieu of transfer.  This may 

occur if slow but otherwise viable embryos are unlikely to implant in a fresh 

transfer, perhaps due to asynchrony with endometrial development.   The 

probability of pregnancy in the fresh transfer should be compared with that of 

thawed embryo cycles.  When all three variables used in the final model took their 

suboptimal values, the probability of clinical pregnancy was predicted and 

observed to be approximately 20%.  This is much less than reported clinical 

pregnancy rates for transfers of thawed blastocysts (6, 7, 8, 9). This strongly 

suggests such patients would have increased chance of pregnancy if their 

embryos were cryopreserved for later use under more optimal conditions. 

 

The lack of significance of the minimum diameter of transferred blastocysts in 

predicting clinical pregnancy, in sharp contrast to the high significance of the 

mean or maximum diameter, is potentially interesting.  This lack of correlation 

between measures of the smallest transferred blastocyst and outcome suggests 

that the smallest embryo typically does not implant.  This may have important 

implications for elective single embryo transfers in fresh autologous cycles.  

 

A prior study (34) at this Center did not find an effect of blastocyst diameter on 

implantation rate.  That study combined data from donor and non-donor cycles in 

order to assess the importance of blastocyst characteristics irrespective of the 

type of cycle in which they were used.  A subsequent study at the same Center 

concluded that donor and autologous cycles have substantially different effects of 

embryo-endometrium synchrony (6).  In retrospect, it is therefore unsurprising that 
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the older study (34) did not find a significant effect of embryo diameter.
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Chapter 9 

 

Summary, conclusions, and implications for future research 

 

 



 

 

Summary, conclusions, and implications for future research 

 

Prior to the development of techniques allowing the culture and transfer of 

blastocysts, embryos were commonly transferred after three days of embryo 

culture. This relatively early developmental stage hindered the ability to identify 

the most viable embryos. The inability to effectively discriminate the most 

vigorous from the subordinate embryos precipitated the widely held practice of 

transferring to the uterus an excessive number of embryos in an effort to ensure 

the transfer of at least one viable embryo and secure acceptable pregnancy 

rates. The large number of day 3 embryos transferred effectively maintained high 

pregnancy rates but unfortunately also resulted in an unacceptable number of 

higher order multiple gestations. 

 

The development of techniques to allow transfer of embryos at the blastocyst 

stage permitted the transfer of fewer embryos to the uterus while maintaining 

high pregnancy rates due to the higher implantation rates characteristic of 

blastocyst transfer. The transfer of fewer embryos reduced the incidence of 

higher order multiple gestations.  

 

The ability to transfer embryos at the blastocyst stage prompted a review of 

observations previously made with day 3 embryo transfer. Such fundamental 

questions included an evaluation of whether there is an inherent superior viability 

of faster developing embryos compared to their slower growing counterparts, an 

assessment of implantation and pregnancy rates after blastocyst transfer in first 

and successive cycles, quantitative blastocyst morphologic assessment as a 
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predictor of implantation potential and an assessment of the (in)ability of 

blastocysts to develop from day 3 embryos from some older patients as a 

possible cause for the decline in implantation and pregnancy rates with age. 

 To reach the goal of a singleton pregnancy via transfer of a single embryo 

with a high chance to implant, it was also necessary to determine which 

blastocyst morphologic attributes are most predictive of implantation and 

pregnancy prior to embryo transfer and to study the interaction of dominant 

predictive variables of blastocyst development and endometrial receptivity 

reflecting synchrony.  

 

If all bets are to be placed upon a single blastocyst in elective single embryo 

transfer (eSET), then these data must be robust and promising to assuage the 

fear of failure for both the practitioner and the patient. This is crucial to encourage 

the implementation of eSET. 

 

This thesis systematically answers the questions presented and 

comparisons acknowledged to further extend our understanding of variables 

affecting implantation and pregnancy rates in IVF. The aim of the thesis was to 

answer seven questions. 

 

Chapter 2 focused upon the first question: What is the predictive value of 

cycle day 3 embryos on the subsequent development to the blastocyst stage? 

 

In that chapter, the predictive value of blastomere cell number on subsequent 

development to the blastocyst stage was determined. At 48 hours of development, 
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embryos at the 4-cell stage were more likely to become blastocysts than faster or 

slower growing embryos.  Embryos with 2 cells or 3 cells had the lowest chance of 

subsequent development to the blastocyst stage with only 24% developing to the 

blastocyst stage compared to 58% for the 4 cell stage and 40% for the 5 and 6 cell 

stage embryos. However, evaluation of embryos at 48 hours revealed no 

predictive value for continued development of blastocysts to the expanded stage. 

 

Appraisal of embryos at 72 hours disclosed a relationship between the 

number of blastomeres and the likelihood of development to the blastocyst stage. 

More specifically, as the number of blastomeres increased from 4 cells to greater 

than 8 cells, the likelihood of development to the blastocyst stage also increased.  

Furthermore, the probability of development to the expanded blastocyst stage 

increased incrementally by 7.6% for each additional cell identified on day 3 after 

oocyte retrieval.  

 

The study further compared the implantation and pregnancy rates of 

blastocysts based upon their degree of development to either the blastocyst stage 

or the expanded blastocyst stage. Embryos transferred after expansion had a 

greater probability of implantation compared to those transferred at a less 

developed state (43% compared to 17%). Women receiving only expanded 

blastocysts had a trend toward a higher pregnancy rate as well, with pregnancy 

rates of 63% compared to the pregnancy rates of 43% for those with less 

developed blastocysts. 
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That study underscores the concept of embryo developmental pace as a 

significant prognostic factor for implantation and pregnancy. The faster the embryo 

develops from day 3 onward, the greater the likelihood for subsequent 

development. The greater the development at the time of embryo transfer, the 

greater the potential for implantation and pregnancy.   

 

Chapter 3 focused upon the question: Is there a difference in the implantation 

and pregnancy rate between embryos taking five days to expand (day 5 

blastocysts) and those requiring 6 days (day 6 blastocysts)? 

 

Chapter 3 is based upon a retrospective study over an approximately 2.5-

year period comparing implantation and pregnancy rates between day 5 and day 6 

blastocysts. The study revealed blastocysts that expanded and were transferred 

on day 5 implanted at nearly twice the rate of day 6 blastocysts (36.3% vs.19.0%). 

Pregnancy rates were also almost twice as high among the patients receiving day 

5 blastocysts compared to their day 6 counterparts, (59.3% vs. 32.3%).  As 

expected, multiple pregnancies were also more common for day 5 compared to 

day 6 transfers (52.8% vs. 23.8%).  

 

Recall that Chapter 2 revealed the value of cleavage stage embryo 

developmental pace as a predictor of subsequent blastocyst formation and 

expansion. That chapter also suggested that embryos that had attained the 

expanded blastocyst stage prior to embryo transfer were more likely to implant 

and establish a pregnancy. However, that study did not address whether the time 

required to develop into a blastocyst is an important factor. Chapter 3 extended 
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the importance of developmental pace for embryo implantation and pregnancy by 

revealing the pace of development to the expanded blastocyst stage to be an 

important factor in fresh autologous IVF cycles. 

 

Chapter 4 focused on the question: Do patients that have failed to conceive in 

their first IVF cycle with blastocyst transfer have an equal chance of succeeding in 

subsequent IVF cycles with blastocyst transfer? 

 

The study described in Chapter 4 was a retrospective study in which 

implantation and pregnancy rates with blastocyst transfer were compared between 

the first IVF cycle and subsequent second or third cycles. The study revealed that 

pregnancy rates per retrieval and implantation rates per transferred embryo were 

significantly higher for patients undergoing their first cycle of in vitro fertilization 

compared to those undergoing their second or their third cycles of IVF treatment.  

What was also revealing is that patients with repeat cycles are more likely to have 

embryos with similar developmental pace from cycle to cycle. Thus, those patients 

with day 5 transfers in the first cycle were more likely to have day 5 transfers in 

their second cycle, as are those with day 6 transfers more likely to have day 6 

transfers their subsequent cycles. 

 

Previous studies using cleavage stage embryos had found that pregnancy rates in 

successive cycles of IVF were either constant or else declined gradually. The 

study described in Chapter 4 employed blastocyst transfer and had pregnancy 

rates that were 2 to 4 times those reported in those prior studies. These greater 

pregnancy rates may have more rapidly concentrated the pool of poor-prognosis 
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patients among those seeking subsequent cycles. 

 

Chapter 5 addressed the question: Is there a predictive value to the 

quantitative measure of blastocyst morphology on subsequent implantation and 

pregnancy rates in an IVF cycle? 

 

Previous reports of blastocyst morphology relied upon the predictive value of 

subjective blastocyst characteristics. Since the use of subjective evaluation 

techniques precludes optimal accuracy and precision, a more reliable system 

utilizing objective quantitative criteria is preferable. The current study explored the 

use of quantitative measures of blastocyst diameter, trophectoderm cell number, 

and inner cell mass (ICM) size and shape as predictors of implantation potential.  

 

An evaluation of the individual contributions of each measure revealed no 

identifiable correlation of blastocyst diameter or trophectoderm cell number with 

implantation potential. The ICM shape and size, however revealed a significant 

association with subsequent implantation rates. In those cases where the fate of 

all embryos was unambiguous, and the shape of the ICM was evaluated 

independently, slightly oval ICMs with length to width ratios of 1.04 to 1.20 were 

found to be optimal. An embryo with an ICM larger than 4500 µm2 on day 5 was 

more likely to implant than embryos with smaller measures of the ICM. A linear 

relationship of size to implantation rate was demonstrated between ICM sizes of 

2000 µm2 to 6000 µm2. Blastocysts of optimal size and shape on day 5 were most 

likely to implant with implantation rates of 60%. Embryos with optimal size alone 

implanted at a rate of 29% and those blastocysts optimally shaped alone 
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implanted at a rate of 32%. When blastocysts had neither optimal size nor shape, 

the implantation rate was 19%. 

 

When analysis of all day 5 embryo transfers was performed which included 

patients with mixed groups of blastocysts, model estimation of implantation rates 

for blastocysts that were optimally sized and optimally shaped revealed a rate of 

71%. Optimal size alone was associated with an estimated implantation rate of 

37% and optimal shape alone was associated with an implantation rate of 45%. 

Blastocysts with suboptimal size and suboptimal shape had an estimated 

implantation rate of 22%. 

 

Pregnancy rates were also highest for those patients receiving at least one 

blastocyst transferred with an ICM of optimal size and shape (79%). Those 

patients with transfers of at least one embryo with optimal shape alone had 

pregnancy rates of 68%. When a patient received embryos, one with an optimal 

size ICM and one with an optimal shape ICM, the pregnancy rate was 71%. 

Transfers of embryos that included only optimal sized ICMs but no ICMs in the 

optimal shape range had pregnancy rates of 33%. Patients with transfers of 

embryos with ICMs all suboptimal for size and shape had pregnancy rates of 17%.  

 

Chapter 6 addressed the question: Is there a relationship of age to the 

fertilization rate, development to the blastocyst stage, and pregnancy rate per 

transfer in patients undergoing IVF. 

 

The study is a retrospective evaluation of the effect of age on the number of 

176 



 

 

oocytes retrieved, the number of oocytes attaining the bipronucleate stage, the 

number of blastocysts developed following fertilization, and the implantation rate 

and pregnancy rates in patient receiving blastocyst transfer. Prior to that study, it 

was well known that the number of oocytes decline with age.  However, the effect 

of age on the remaining factors had not been fully characterized. 

 

As women age, they produce fewer oocytes. However, it was not clear 

whether the major factor in the decline in pregnancy rates was due to the decline 

in oocyte number, the fertilization rate, the ability to develop from cleavage stage 

to blastocyst stage, or the ability of blastocysts to implant. 

 

In the study, it was found that the likelihood of cycle cancellation prior to 

retrieval increased with age. The rate of fertilization did not significantly decline 

with age, but the number of patients with embryos that developed to the expanded 

blastocyst stage following fertilization was significantly reduced. The blastocyst 

implantation and pregnancy rate per transfer did not significantly decline with age. 

 

The data are consistent with an age related factor impairing the number of 

expanded blastocysts produced as age progresses but without degradation in the 

implantation potential of those expanded blastocysts that do develop.  This study 

reinforced the value of blastocyst morphology prior to embryo transfer elucidated 

in Chapter 5. 

 

Chapter 7 addressed the question: Is there a difference in the pattern of IVF 

pregnancy rates among fresh autologous, fresh oocyte donor, and cryopreserved 
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cycles using day 5 or day 6 blastocysts and, if so, how can it be explained? 

 

The study to answer this question was a retrospective evaluation of fresh 

autologous, fresh oocyte donor, and cryopreserved embryo transfer cycles 

comparing the implantation and pregnancy rates of day 5 and day 6 blastocysts. 

In fresh autologous cycles, blastocysts expanding on day 5 had higher 

implantation rates (35.2% vs. 21.2%) and pregnancy rates (51% vs. 33.3%) than 

did day 6 blastocyst transfers, respectively. However, in frozen embryo transfer 

(FET) cycles, there was no statistical difference in implantation rates (34.4% vs. 

37.7%) or pregnancy rates (63.6% vs. 58.9%) between day 5 and day 6 blastocyst 

transfers, respectively. In fresh oocyte donation cycles, there was no significant 

difference in implantation rates between day 5 and day 6 blastocyst transfers 

(53.7% vs 69.3%). However, clinical pregnancy rates were lower for day 5 

blastocyst transfers when compared to their day 6 counterparts (63% vs 86.2%), 

although the significance was only marginal (p =0.04). Furthermore, transfers of 

thawed day 6 blastocysts were associated with greater implantation (37.7% vs. 

21.2%) and pregnancy rates (58.9% vs. 33.3%) than were their fresh 

counterparts.  

 

The results of this study suggest synchrony between the endometrium and 

the embryo is a critical factor in IVF. The more rapid development of day 5 

blastocysts may give them an advantage in meeting an implantation window that 

is potentially advanced as a side effect of ovarian stimulation. This contention was 

supported by the observation that day 5 blastocysts exhibited their greatly superior 

implantation potential only when their transfer followed ovarian stimulation. This 
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support is further reinforced by the observation that day 6 blastocysts performed 

much better in FET cycles than in fresh cycles. 

  

Chapter 8 addressed the question: Can dominant predictors of clinical 

pregnancy be identified through the development of a multiple logistic regression 

model in fresh autologous IVF cycles with blastocyst transfer? 

 

To answer the last question, a retrospective study employed multivariate 

analysis of 14 variables that had been culled from a list of 25 suspected predictors 

of pregnancy in blastocyst transfer cycles. These most significant 14 variables 

were identified by bivariate analysis. Multiple stepwise logistic regression analysis 

was then performed on these 14 most significant variables to develop a predictive 

model. After multiple logistic regression analysis, three variables remained in the 

final model, blastocyst diameter, day of blastulation, and pre-ovulatory serum 

progesterone level (P). Serum P level and blastocyst diameter were then 

converted to dichotomous variables to ease clinical application of the resulting 

model. An initial training set was developed from 361 fresh autologous IVF cycles 

and a validation set from 219 subsequent fresh autologous IVF cycles. The 

training set was used to derive the model and the validation set was used to 

confirm that the derived model would fit subsequent data. 

 

The resulting model predicted the greatest probability of clinical pregnancy to 

occur when the pre-ovulatory P level was <1.0 ng/ml and large blastocysts were 

transferred on day 5. A transfer of “large “blastocysts was defined as the transfer 

of at least one blastocyst with a diameter > 190 µm for day 5 blastocysts and a 
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diameter of > 205 µm for day 6 blastocysts. Use of these three variables, each 

with a dichotomous value, resulted in eight separate variable combinations and 

therefore eight predictions of pregnancy rate. The highest predicted pregnancy 

rate occurred with low P levels and the transfer of large day 5 blastocysts. The 

next highest pregnancy rates, whether observed or predicted, occurred when 

exactly one of the dichotomous variables exhibited a suboptimal value. The lowest 

pregnancy rate was predicted when all three dichotomous variables were 

suboptimal exhibited with day 6 blastocysts, high P levels, and small embryos. 

These predictions corresponded closely with the observations in both the training 

and validation sets. 

 

The derived model was consistent with the suggestive findings in Chapter 6 

of synchrony between the endometrium and the embryo being an important 

determinant of conception success in IVF. In the current model, higher levels of 

progesterone may be viewed as representative of a more advanced endometrium 

making the implantation window appear earlier and disappear earlier. Fast 

growing and larger embryos may be viewed as having the capacity to implant 

earlier while the endometrium is still receptive. Transfers associated with high P 

levels and small day 6 blastocysts represent the slowest growing embryos placed 

into the most advanced intrauterine environment, and therefore have the lowest 

chance of producing a pregnancy. 

 

In conclusion, the availability of sequential media allowing embryos to develop 

to the blastocyst stage has provided an opportunity to further elucidate factors 

involved in successful IVF and embryo transfer. Furthermore, these developments 
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have brought us closer to the ultimate goal of only single embryo transfers to 

eliminate the occurrence of multiple gestation.  The high implantation rates 

observed in cases of optimal embryo quality and optimal embryo-endometrial 

synchrony suggest high pregnancy rates may be attained with single embryo 

transfer. 

 

Future studies, preferably randomized trials, should be performed to validate 

many of the findings presented in this thesis. One particularly important study 

would be a randomized trial of fresh embryo transfer versus cryopreservation of 

all embryos with subsequent FET. Such a study could separate the effects of the 

endometrium from those of the embryo on implantation and pregnancy. Another 

important study would be a randomized trial in which patients with a poor 

prognosis under the model described in Chapter 8 are assigned to either proceed 

with their fresh transfer or else have all of their embryos cryopreserved for 

transfer in a subsequent FET.   
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