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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 

37 



 

 

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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