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Introduction 
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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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