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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. 

 

109 



 

 

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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