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With controlled ovarian hyperstimulation, more embryos are created than can safely 
be transferred after an IVF/ICSI treatment. A selection of embryos for transfer has thus 
to be made. This selection is generally based on morphological criteria, such as the 
number of pronuclei, the number and regularity of blastomeres and the percentage 
of fragmentation. However, many women fail to achieve a pregnancy after transfer of 
embryos that are of morphological good quality. This might indicate that we are not able 
to select the ‘best’ embryo(s) for transfer. 
One of the presumed causes for our inability to select the embryos with the best potential 
to implant is that morphologically normal embryos can be chromosomally abnormal. It 
is thought that most of these embryos do not develop to term, but fail to implant or abort 
spontaneously. 
With preimplantation genetic screening (PGS), embryos that are created in vitro are 
analyzed for chromosomally abnormalities. Embryos that are diagnosed as chromosomally 
abnormal are discarded and embryos that are diagnosed as chromosomally normal are 
selected for transfer. 
PGS was developed as a tool to improve pregnancy rates in IVF/ICSI treatments. The first 
studies comparing IVF/ICSI with and without PGS were observational studies, showing 
an increase in implantation rate per transferred embryo. Although PGS was performed 
more and more frequently, evidence regarding the effectiveness of PGS was limited when 
the studies described in this thesis were started.

Chapter 1 outlines the history of IVF and PGS and describes the aim of this thesis. 

Chapter 2 addresses the effectiveness of PGS in women of advanced maternal age. 

A multicenter, double-blind, randomized controlled trial, comparing three IVF/ICSI 
cycles with embryo selection based on PGS to three IVF/ICSI cycles with embryo selection 
based on morphology, was performed in women aged 35 until 41 years. In the years 
preceding the trial, the cumulative pregnancy rate after three cycles of in vitro fertilization 
was 40 percent in these women in the participating centers. An increase of at least 15 
percent was considered to be clinically relevant.
The trial was performed in the Academic Medical Center and the Onze Lieve Vrouwe 
Gasthuis in Amsterdam, the University Medical Center Groningen in Groningen and 
the Medical Center Leeuwarden in Leeuwarden. Women without any previous IVF/ICSI 
cycles or with a previous IVF/ICSI cycle that had resulted in an ongoing pregnancy, and 
who did not object to a possible double embryo transfer were eligible.
In the preimplantation genetic screening group one blastomere was biopsied from 
each embryo with four or more cells on day three after follicle aspiration. The biopsied 
blastomeres were analyzed for chromosomes 1, 13, 16, 17, 18, 21, X and Y in two 
rounds of FISH.
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A total of 408 women participated; 206 of them were allocated to undergo IVF/ICSI with 
preimplantation genetic screening and 202 to undergo IVF/ICSI without preimplantation 
genetic screening. No women were lost to follow-up. The primary outcome was ongoing 
pregnancy. Secondary outcomes were pregnancy, clinical pregnancy, miscarriage and 
live birth. 
The ongoing pregnancy rate was significantly lower after IVF/ICSI with PGS as compared 
to IVF/ICSI without PGS (25% versus 37%, rate ratio, 0.69; 95 percent confidence 
interval, 0.51 to 0.93). The live birth rate was also significantly lower after IVF/ICSI with 
PGS as compared to IVF/ICSI without PGS (24% versus 35%, rate ratio 0.68; 95 percent 
confidence interval, 0.50 to 0.92). Women in the PGS group had lower pregnancy rates 
and clinical pregnancy rates as compared to women in the control group. Miscarriage 
rates did not differ significantly between the PGS group and the control group.
We conclude that preimplantation genetic screening did not increase but instead 
significantly reduced the rates of ongoing pregnancies and live births after IVF in women 
of advanced maternal age.

Chapter 3 assesses whether the effect of PGS on live birth rates differs in women of 
advanced maternal age with different a priori risks of embryonic aneuploidy, and weighs 
these effects against the results obtained after standard IVF/ICSI. 

Data from the randomized controlled trial described in chapter 2 were used for this study 
Primary outcome was live birth. Groups were divided based on factors known to affect 
the risk for embryonic aneuploidy, i.e. maternal age (< 38 years, ≥ 38 years), previous 
miscarriages (none, one, two or more), semen quality (total motile count during fertility 
work up <1 x 106 or ≥ 1 x 106), total amount of recombinant FSH (rFSH) administered 
during ovarian stimulation (subdivision based on quartiles) and total number of top-
quality embryos (none, one or two, three or more). P-values of interaction were calculated 
to assess whether the effect of PGS was significantly different between groups based on 
the same variable. 
There was no significant differential effect of PGS in groups based on maternal age 
(p-value of interaction 0.16), the number of previous miscarriages (p-value of interaction 
0.93), semen quality (p-value of interaction 0.26), rFSH dose (p-value of interaction 
0.15) and the number of top-quality embryos (p-value of interaction 0.59). Live birth 
rates after IVF/ICSI with PGS were lower in all groups than after IVF/ICSI without PGS. 
Surprisingly, the relative risk to achieve a live birth after IVF/ICSI with PGS was higher for 
women between 35 and 38 years of age when compared with women aged 38 years or 
older. A possible explanation for this could be the fact that embryos from younger women 
might be less vulnerable to the biopsy procedure than embryos from older women, as 
they are in general in general of better morphology and competence. 
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In conclusion, the paradigm that the effect of PGS is determined by a woman’s risk for 
embryonic aneuploidy seems incorrect.

Chapter 4 assesses the effectiveness of PGS for all proposed indications. 

A systematic review of the literature was performed. Only randomized controlled trials 
were included in this review. Studies that compared IVF or ICSI with and without PGS for 
all indications suggested in the literature were selected, i.e. (i) advanced maternal age, 
(ii) repeated IVF failure, (iii) repeated miscarriage, (iv) TESE-ICSI, and (v) good prognosis 
patients. The effect of PGS was assessed for each indication separately. Primary outcome 
measure was live birth rate, secondary outcome measures were the proportion of women 
reaching embryo transfer, mean number of embryos transferred per transfer, clinical 
pregnancy rate, multiple pregnancy rate, ongoing pregnancy rate and children with a 
congenital malformation.
Nine studies were included. In five studies PGS was performed for the indication 
advanced maternal age, in one study PGS was performed for the indication repeated 
IVF failure and in three studies PGS was performed in good prognosis patients. No trials 
performed biopsy at the polar body stage, eight trials performed biopsy at the cleavage 
stage, and one trial performed biopsy at the blastocyst stage. All trials used FISH for 
chromosomal analysis.

(1) PGS for advanced maternal age
The combined live birth rate per woman was significantly lower in the PGS group than 
in the control group (18% versus 26%, OR 0.59; 95% CI 0.44 to 0.81). In line with this, 
the ongoing pregnancy rate and clinical pregnancy rate were also significantly lower in 
the PGS group than in the control group. 
The proportion of women reaching embryo transfer and the mean number of embryos 
transferred were significantly different in favor of the control group. The multiple 
pregnancy rate and the miscarriage rate were not significantly different between the PGS 
and the control group.

(2) PGS for repeated IVF failure
Live birth rate per woman was significantly lower in the PGS group than in the control 
group (21% versus 39%, OR 0.41; 95% CI 0.20 to 0.88). The ongoing pregnancy rate 
was also lower in the PGS group than in the control group. Clinical pregnancy rate was 
not significantly different between the two groups.
The proportion of women reaching embryo transfer as well as the mean number 
of embryos transferred were significantly in favor of the control group. The multiple 
pregnancy rate and the miscarriage rate were not significantly different between the PGS 
and the control group.
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(3) PGS for repeated miscarriage
No trials that met our inclusion criteria were found.

(4) PGS for TESE-ICSI
No randomized controlled trials on this subject were found.

(5) PGS for good prognosis patients
The combined live birth rate was not significantly different between the PGS group and 
the control group (32% versus 42%, OR 0.50; 95%CI 0.20 to 1.26). The ongoing 
pregnancy rate was also not significantly different between the PGS group and the 
control group. The clinical pregnancy rate was significantly lower in the PGS group than 
in the control group.
The proportion of women reaching embryo transfer was not significantly different 
between the two groups. The multiple pregnancy rate and the miscarriage rate were not 
significantly different between the PGS and the control group.

We conclude that PGS as currently performed significantly decreases live birth rates in 
women of advanced maternal age and in couples with repeated IVF failure. Trials in 
which PGS was offered to women with a good prognosis suggested similar outcomes.

Chapter 5 assesses whether there are centre related differences in pregnancy rates 
after PGS by adjusting for patient and treatment factors influencing pregnancy rates.

Data on 9273 PGS cycles reported to the ESHRE PGD Consortium containing data from 
cycles performed between 1997 and 2006 were used. At first univariate logistic regression 
analysis on a patient level was performed to determine which factors influenced clinical 
pregnancy rate after PGS. 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 could be included in the analysis. Of these, 
female age, indication for PGS, number of oocytes, number of embryos, moment of 
biopsy and number of cycles performed by the center were significantly associated with 
clinical pregnancy rate. Second, multivariate logistic regression analysis using backward 
selection was used to construct a prediction model on a patient level for the occurrence of 
a clinical pregnancy. All factors remained significantly associated with clinical pregnancy 
rate and were included in the prediction model. 
The reported clinical pregnancy rate was on average 19.9%, ranging from 0% to 
46.2%. The predicted clinical pregnancy rate was on average 20.3% ranging from 7.3% 
to 30.5%. The absolute difference between predicated pregnancy rate and reported 
pregnancy rate of the center ranged from -18.3 to 18.3. Twenty-seven centers performed 
worse than predicted and 12 centers performed better than predicted. 
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Ranking the centers on the basis of their observed pregnancy rate gave a completely 
different ranking than a ranking based on predicted pregnancy rates, on average centers 
moved 6 places in ranking (up or down), with a maximum change of 32 places.
In conclusion, our study shows that large differences in pregnancy rates exist between 
PGS centers, 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.

Chapter 6 assesses the attitudes of women undergoing an IVF/ICSI treatment toward 
PGS as an alternative to prenatal testing for Down syndrome.

We handed out questionnaires to all women in the stimulation phase of an IVF/ICSI 
treatment at the Centers for Reproductive Medicine of the Academic Medical Center 
(AMC) and the University Medical Center Groningen (UMCG) between May and 
December 2005.
In this questionnaire we assessed whether women would opt for PGS if this screening 
method would be “ideal” and when it would not be “ideal”, that is, would lower 
pregnancy chances or would not detect all Down syndrome embryos. Three scenarios 
were presented in which pregnancy chances and sensitivity in detecting Down syndrome 
embryos varied. After each scenario women were asked whether they would opt for PGS 
in that particular situation.
A total of 343 questionnaires were handed out, of which 244 were returned. In case 
PGS discovered all Down syndrome embryos without affecting pregnancy chances, 83% 
of the women would have PGS performed. If PGS lowered pregnancy chances from 
one in five to one in seven, 36% of the women preferred to have PGS performed. If 
PGS reduced the chance of a Down syndrome pregnancy with 80% without affecting 
pregnancy chances, 75% of the women would have PGS performed, and 31% of them 
would refrain from prenatal testing afterwards. 
In conclusion, most women favoured PGS for Down syndrome screening, even if it is 
not 100% sensitive. The acceptability depended on the effect PGS has on pregnancy 
chances, and, to a lower extent on its sensitivity to detect Down syndrome embryos.

In Chapter 7 the findings of this thesis are discussed, clinical implications are given and 
future research recommendations are made. 

PGS has been proposed as a way to increase live-birth rates after IVF/ICSI. Although 
results were promising at the introduction, current results show the opposite. There are 
several possible mechanisms that might be responsible for this failure of PGS to improve 
pregnancy rates. 
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First, the technique of PGS, the use of a laser or acidic tyrode’s to create a hole in the zona 
pellucida and the removal of one or more blastomeres could be detrimental to the embryo. 
Second, PGS as currently performed using FISH may not be able to detect all aneuploid 
embryos, due to the limited number of chromosomes tested and/or due to inevitably error 
rate of the FISH technique. Third, the chromosomal constitution of the blastomere removed 
could not be representative for the entire embryo, a phenomenon known as mosaicism. 
Fourth, there could be lack in technical skills necessary to perform PGS.
New techniques are being developed to improve the accuracy of PGS. This involves 
different timing of biopsy (polar body or blastocyst) and the use of more advanced 
genetic analysis to determine the complete karyotype of a single cell (using comparative 
genomic hybridisation or array-based technologies).

General conclusions of this thesis

There is no evidence of a beneficial effect of PGS as currently applied on live birth rate 
after IVF/ICSI for any suggested indication. There are no subgroups that benefit from 
adding PGS to their IVF/ICSI treatment. PGS can not be used as an alternative for Down 
syndrome screening. Therefore, PGS should not be used in routine patient care.

Future research on PGS should explore different timing for biopsy and the use of new 
technologies that allow for more comprehensive screening of chromosomes. Only after 
this work we will know whether selecting embryos on chromosomal make up is of any 
benefit Morevoer, future work on IVF/ICSI should focus on how freezing and thawing 
techniques can be improved, so that selection of embryos will not be necessary anymore. 
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