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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 
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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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