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Abstract

Background Pregnancy rates after PGS differ between centers. Since multiple factors 
determine pregnancy rates it is impossible to determine whether these differences are 
center or patient related by simply comparing pregnancy rates per center. The aim of 
this study was to assess more accurately whether center related differences in pregnancy 
rates after PGS exist by adjusting for patient and treatment related factors that influence 
pregnancy rates.

Methods We used data on PGS cycles reported to the ESHRE PGD Consortium 
containing data from cycles performed between 1997 and 2007. We performed 
univariate logistic regression analysis on a patient level (only the first treatment cycle 
per patient was evaluated) to determine which factors influenced clinical pregnancy 
rate after PGS in these cycles. Included in the analysis were: female age, indication for 
PGS, number of oocytes, number of embryos, fertilisation method, method for zona 
breaching, moment of biopsy, and number of cycles performed by the center. Multivariate 
logistic regression analysis using a backward selection procedure was used to construct 
a prediction model on a patient level for the occurrence of a clinical pregnancy. Next, 
we calculated a predicted pregnancy rate for each patient within a center and aggregate 
this to center level. Finally, we compared this predicted pregnancy rate per center to the 
observed pregnancy rate for each center. 

Results In total 9273 first treatment cycles were included in the analysis. Clinical 
pregnancy rate was on average 19.9%, and ranged from 0% to 46.2%. Univariate 
logistic regression analysis showed a significant association between clinical pregnancy 
rate and female age, indication for PGS, number of oocytes, number of embryos, moment 
of biopsy, and number of cycles performed by the center. After mulitivariate analysis all 
factors remained significantly associated with clinical pregnancy rate and these were 
included in the prediction model. After adjustment for these factors, large differences 
in pregnancy rates still exist between centers performing PGS, with differences between 
predicted pregnancy rate and the reported pregnancy rate ranging from -18.3 to 18.3. 

Conclusions Large differences in pregnancy rates exist between centers performing 
PGS, even after adjustment for patient and treatment differences. More research 
is needed to investigate which factors cause these differences, in order to be able to 
interpret these differences.  
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Introduction

The main aim of preimplantation genetic screening (PGS) is to improve pregnancy 
rates in IVF and ICSI treatments. In PGS, embryos are screened for aneuploidies and 
only embryos that are euploid for the chromosomes tested are transferred. Aneuploid 
embryos are discarded because it is thought that most of these aneuploid embryos do 
not develop to term, but either fail to implant or abort spontaneously 1. However, several 
randomised controlled trials showed no improvement in pregnancy rates after PGS 2-10. 
A recent systematic review of these trials even showed a decrease in live birth rates when 
PGS was performed in women of advanced maternal age or in good prognosis patients 
11. Since pregnancy rates after PGS differed between the various studies, ranging from 
5% to 50%, it has been argued that some centers lack the technical skills to perform 
PGS, explaining the decrease of pregnancy rates after PGS in some studies 12-15. 
Whether this hypothesis is correct is questionable, since pregnancy rates depend on 
more factors than just the center that performs PGS. Therefore we assessed which factors 
influence pregnancy rates after PGS and then determined more accurately the differences 
between centers performing PGS, by adjusting for these factors. 

Materials and methods

Data on PGS cycles reported to the ESHRE PGD Consortium from data collection I to 
IX were used and combined in one database 16-24. The database contained data from 
cycles performed between 1997 and 2007. 
We excluded cycles in which (also) preimplantation genetic diagnosis (PGD) or PGS for 
social sexing was performed, since in these cycles embryos are excluded from transfer 
based on other criteria than aneuploidy alone and as a consequence less embryos are 
available for transfer. Cycles in which it was not known whether a clinical pregnancy 
was achieved, were also excluded. Only data from centers reporting at least 20 cycles 
of PGS to the consortium were included in the analysis. When multiple cycles from one 
patient were available, only the first cycle was included to avoid bias since cycles from 
the same patient are not independent from each other. Only cycles in which embryos 
were obtained and therefore PGS could be performed were included.
The primary end point was clinical pregnancy, which was defined by the ESHRE PGD 
consortium database collection as the presence of one or more fetal hearts at six weeks 
of gestation. The outcome ongoing pregnancy or live birth was not available for the 
majority of cycles.  
Univariate and multivariate logistic regression analyses were performed to assess which 
factors influence clinical pregnancy rate after PGS. Included in the analyses were: female 
age, indication for PGS, number of oocytes, number of embryos, fertilisation method, 
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method for zona breaching, moment of biopsy, and number of cycles performed by the 
center. If the moment of biopsy was missing and the center always reported the same 
moment of biopsy in the other cycles, the moment of biopsy was imputed, assuming that 
the center always biopsied at the same moment of embryo development. For the other 
variables it was not possible to impute missing data. The linearity of the association 
between the continuous variables (female age, number of oocytes and number of 
embryos) and clinical pregnancy was analyzed using spline functions.
For each variable univariate odds ratios (OR), beta coefficients and 95% confidence 
intervals (CI), as well as p-values, were calculated. Subsequently, multivariate logistic 
regression analysis with backwards selection was used to construct a prediction model 
for the occurrence of a clinical pregnancy. All variables reaching a significance level of 
0.20 in the univariate analysis were considered for the multivariate analysis. Correlations 
between parameters were studied by calculating the Pearson’s correlation coefficient to 
prevent the selection of highly correlated parameters in the logistic model.
The prediction model was used to calculate a predicted pregnancy rate for each patient 
within a center. Next, the changes were aggregated per center. Subsequently this predicted 
pregancy rate per center was compared to the observed pregnancy rate for each center. 

Results

A total of 13,146 cycles were collected in the database. Eighty-nine cycles were excluded 
because PGD or PGS for social sexing was also performed, 465 cycles were excluded 
because it was not known whether a clinical pregnancy was achieved and 227 cycles 
were excluded because there were no embryos. Fourty-one centers reported at least 20 

Figure 1. Flow chart for included cycles in the analysis.

3874 cycles excluded for analysis, reasons: 

1. 89 PGD/social sexing was performed 

2. 465 outcome unknown  
3. 227 no embryos  
4. 88 center does not report at least 20 

treatment cycles  
5. 2954 not first treatment cycle 

13.146 cycles in database  

9273 cycles for analysis
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Table 1. Baseline characteristics.

Characteristic Mean ± SD / n (%)

Age 37.2 ± 4.6
  Indication
     Unknown 222 (2.4)
     AMA 2785 (30.0)

     AMA + RIF 779 (8.4)
     AMA + RM 301 (3.2)
     AMA + SMF 51 (0.5)
     None 436 (4.7)
     Other 167 (1.8)
     RIF 2351 (24.4)
     RIF + SMF 51 (0.5)
     RM 1244 (13.4)
     SMF 886 (9.6)
No. of oocytes 11.3 ± 6.8
No. of embryos 7.0 ± 4.6
Drilling method*
     Mechanical 881 (9.7)
     Acidic tyrode’s 2891 (32.0)
     laser 5274 (58.3)
Fertilisation method
     IVF and ICSI 173 (1.9)
     IVF 1010 (11.0)
     ICSI 8014 (87.1)
Moment of biopsy*
     Polar body 1267 (14.0)
     Cleavage aspiration 7327 (81.1)
     Cleavage extrusion 438 (4.8)

*There were missing data in the reports 
AMA = Advanced maternal age, RIF = repeated IVF failure, RM = repeated miscarriage, SMF = 
severe male factor

PGS treatment cycles. In total these centers reported on 12,227 cycles, of which 9,273 
cycles were first treatment cycles (Figure 1)
Baseline characteristics are summarised in Table I. Mean age was 37.2 years. PGS 
was mostly performed for the indications advanced maternal age (30%) and repeated 
IVF failure (25%). Mean number of oocytes collected was 11.3 resulting in a mean of 
7.0 embryos. Most centers opened the zona pellucida with a laser (58%) and biopsy 
was mostly performed at the cleavage stage (86%). ICSI was the fertilisation method 
preferably used (87%). 
Clinical pregnancy rate was on average 19.9%, ranging from 0% to 46.2% (Figure 2). 
In centers that reported less than 50 PGS cycles the average clinical pregnancy rate 
was 12.1%, in centers that reported between 50 and 200 cycles the average pregnancy 
rate was 25.6%, and in centers that reported more than 200 cycles the average clinical 
pregnancy rate was 19.3% (p <0.001). 
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There was a linear association between all continuous variables and clinical pregnancy, 
therefore all these variables could be included as continuous variables in the analyses.
Univariate logistic regression analysis showed a significant association between clinical 
pregnancy rate and female age, indication for PGS, number of oocytes, number of 
embryos, moment of biopsy, and number of cycles reported by the center (Table II). All 
variables showed a p-value below 0.2 and were initially considered for the multivariate 
analysis. As number of oocytes and number of embryos were correlated (Pearson’s 
correlation coefficient p<0.001), we decided to consider number of embryos only, 
and to exclude number of oocytes from further analysis. After mulitivariate analysis the 
same variables remained significantly associated with clinical pregnancy rate and were 
included in the prediction model.  

Table 2. Results after univariate and multivariate logistic regression analysis
Univariate Multivariate

Characteristic OR 95% CI p-value OR 95% CI p-value
Age 0.92 0.91 – 0.93 < 0.001 0.95 0.93-0.96 <0.001
Indication < 0.001 < 0.001
     Unknown 1.00 1.00

     AMA 0.57 0.41 – 0.79 0.001 0.22 0.11 – 0.47 < 0.001
     AMA + RIF 0.53 0.36 – 0.77 0.00 0.20 0.09 – 0.43 < 0.001
     AMA + RM 0.37 0.23 – 0.61 < 0.001 0.14 0.06 – 0.32 < 0.001
     AMA + SMF 0.45 0.18 – 1.11 0.08 0.16 0.05 – 0.48 0.001
     None 1.32 0.91 – 1.92 0.15 0.35 0.17 – 0.75 0.006
     Other 1.28 0.80 – 2.02 0.30 0.34 0.15 – 0.77 0.009
     RIF 0.90 0.65 – 1.25 0.53 0.23 0.11 – 0.47 < 0.001
     RIF + SMF 0.92 0.44 – 1.93 0.83 0.21 0.08 – 0.57 0.002
     RM 1.11 0.79 – 1.56 0.54 0.30 0.14 – 0.62 0.01
     SMF 1.38 0.98 – 1.94 0.07 0.33 0.16 – 0.68 0.003
No. of oocytes 1.05 1.04 – 1.06 < 0.001
No. of embryos 1.09 1.08 – 1.10 < 0.001 1.07 1.06 – 1.08 < 0.001
Method for zona breaching 0.44
     Mechanical 1.00
     Acidic tyrode’s 1.09 0.90 – 1.32 0.37
     Laser 1.12 0.94 – 1.35 0.21
Fertilisation method 0.15
     IVF and ICSI 1.00
     IVF 0.69 0.47 – 1.00 0.05 
     ICSI 0.73 0.51 – 1.03 0.07
Moment of biopsy < 0.001 0.007
     Polar body 1.00 1.00
     Cleavage aspiration 1.31 1.11 – 1.53 0.001 0.75 0.62 – 0.91 0.003
     Cleavage extrusion 1.67 1.29 – 2.17 < 0.001 0.88 0.66 – 1.18 0.39
Number of cycles < 0.001 < 0.001
     < 50 1.00 1.00
     50-200 2.51 1.71 – 3.69 < 0.001 2.49 1.63 – 3.79 < 0.001
     > 200 1.75 1.22 – 2.51 0.003 1.99 1.34 – 2.97 0.001

AMA = advanced maternal age, RIF = repeated IVF failures, RM = repeated miscarriage, SMF 
= severe male factor
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Figure 2. Clinical pregnancy rate per center based on the number of cycles performed

Figure 3. Clinical pregnancy rate per center
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Figure 4 Ranking based on observed pregnancy rate versus predicted pregnancy rate

Based on this prediction model, the predicted clinical pregnancy rate was on average 
20.3%, ranging from 7.3% to 30.5%. The absolute difference between predicted 
pregnancy rate and the reported pregnancy rate of the center ranged from -18.3 to 
18.3 (Figure 3). Twenty-seven centers performed worse than predicted by the model and 
12 centers performed better than predicted by the model.
Ranking centers on the basis of their observed pregnancy rate resulted in a totally different 
ranking than ranking based on their predicted pregnancy rate (Figure 4). On average, 
centers moved 7.6 places in ranking in either direction with a maximum change of 32 
places.

Discussion 

In this analysis we found that pregnancy rates after PGS depend on female age, indication 
for PGS, number of embryos, moment of biopsy, and number of cycles performed by 
the center. After adjusting for these factors, large differences in pregnancy rates still exist 
between centers performing PGS, with differences between predicted pregnancy rate and 
the reported pregnancy rate ranging from -18.3 to 18.3. 
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An obvious strength of this study is the large number of cycles that are included. The 
ESHRE PGD Consortium has the most extensive registry on PGS treatments performed 
worldwide. Since 1999 the Consortium has published ten data collections, reporting on 
116 cycles of PGS performed in 1997–1998, and steadily increasing to 3900 cycles in 
2006 16-25. In total, more than 9000 cycles were included in our analysis, and therefore 
firm conclusions can be drawn about the impact of these factors on pregnancy rates 
after PGS. 
It is not surprising that some centers performed better than predicted and other performed 
worse, since data from these same centers were used to construct the prediction model. 
However, a range from 36.6% (-18.3% to 18.3%) in difference between observed and 
predicted pregnancy chances is large. Without correction for confounders, the range in 
difference was 46% (an average pregnancy rate of 19.9% with a range of 0 to 46%). 
Thus, by correcting for confounders, the range of differences in pregnancy rates between 
centers decreased from 46% to 36.6%. 
Not only the range of difference between centers was altered after correction for 
confounders, but also the ranking of the different centers. Some centers performed better 
than predicted while others performed worse than predicted based on the prediction 
model. On average centers moved 7.6 places in ranking, with a maximum change of 
32 places. 
What causes these large differences between centers? Are the factors responsible for 
high or low pregnancy rate after PGS in a given center the result of patient, treatment or 
center differences?
Several factors that might influence pregnancy rates were not available in the ESHRE 
PGD Consortium database and could therefore not be included in our analysis. Such 
a factor could be the number of blastomeres removed by the center. Some centers 
remove mostly two blastomeres while other centers preferably remove one blastomere. 
There is debate about whether the removal of two cells is more detrimental than the 
removal of one cell. Some investigators have reported that the removal of two cells 
does not negatively influence further embryo development as compared to the removal 
of one cell 26-28. Others did report a negative influence on embryo development or on 
implantation rate 29,30. Unfortunately the number of cells removed is not included in the 
ESHRE database collection and this could therefore not be evaluated in this study. 
Another factor might be the number of cells of the embryo at the moment of biopsy as 
well as other quality features of the embryo such as the percentage of fragmentation 
could influence pregnancy rates after PGS. Indeed, embryos of low quality seem to do 
worse after PGS than embryos of high quality 31,32,. Again, unfortunately, the number 
of cells of the embryo at the moment of biopsy and the percentage of fragmentation 
of the embryo are not reported to the ESHRE PGD Consortium and were therefore not 
available for our analysis.   
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Also, the experience and the technical skills of a center performing PGS could explain 
the differences in pregnancy rate 14. Indeed, in this analysis the number of cycles a 
center performs was significantly associated with clinical pregnancy rate in our univariate 
and multivariate analysis. In the univariate as well as the multivariate analysis we found 
that centers that reported more than 50 cycles of PGS to the ESHRE PGD Consortium 
performed better than centers that reported less than 50 cycles of PGS, but centers that 
reported more than 200 cycles did not perform better than centers that reported between 
50 and 200 cycles, suggesting experience does not play a major role.
In conclusion, our study shows that large differences in pregnancy rates exist between PGS 
centers, even after adjusting for population and treatment differences. More research is 
needed to investigate which factors cause these differences. Eventually this knowledge 
can be used to improve PGS techniques. 
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