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Chapter 8 

 

Large blastocyst diameter, early blastulation, and low pre-ovulatory serum 

progesterone are dominant predictors of clinical pregnancy in fresh 

autologous cycles 

 

Bruce S. Shapiro, M.D., Said T. Daneshmand, M.D, Forest C. Garner, M.Sc., 

Martha Aguirre, Ph.D., Shyni Thomas, B.Sc. 
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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 

148 



 

 

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 
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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 
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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. 

 

160 



 

 

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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