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Introduction

When Steptoe and Edwards initiated in vitro fertilization (IVF) in humans, they needed 
to develop a strategy to collect mature oocytes, because fertilization of oocytes that had 
matured in vitro was difficult. To achieve this, women were injected with gonadotrophins 
to stimulate follicular growth, followed by hCG to induce ovulation 1;2. The collection of 
the oocytes was not a problem since Steptoe was one of the pioneers in laparoscopic 
surgery. Using this technique he could reach the Graafian follicles and aspirate oocytes 3. 
Everything seemed perfect; oocytes were collected by Steptoe, spermatozoa were added 
by Edwards and many fertilized oocytes were obtained and transferred. However, for two 
years no single embryo implanted and no pregnancy was established. 
Finally, in 1975 the first woman was pregnant after IVF. Unfortunately, it turned out 
to be an ectopic pregnancy 4. After this, two more pregnancies were achieved that 
did not progress to ongoing pregnancies. The most plausible cause for these failures 
was thought to be the shortened luteal phase which would be insufficient to sustain a 
pregnancy after administration of gonadotrophins and hCG 5. It was decided that an 
alternative approach was needed. The use of hormones was abandoned and methods 
for obtaining a mature oocyte during the natural cycle were established 5;6. In 1978 
Louise Brown, the first IVF baby, was born after such a protocol in which no hormones 
were used and one oocyte was aspirated from an ovary in a natural cycle 7.
After this success one more live birth was achieved by Edwards and Steptoe, and other 
hospitals in several countries began to work on IVF 8. At first, all centers performed IVF 
according to ‘the Oldham procedure’, i.e. in the natural cycle, since this was the advice 
given by Edwards and Steptoe. In 1981 Howard and Georgeanna Jones in Norfolk, 
Virginia reintroduced the use of gonadotrophic hormones after repeated failures to 
achieve a pregnancy in a natural cycle 9-11. This resulted in the birth of a healthy baby 
in December 1981. 
The use of gonadotrophins allowed them to obtain more than one preovulatory oocyte 
for aspiration, and to transfer multiple embryos. Later on, GnRH analogues were added, 
higher doses of gonadotrophins could be given, and it became possible to harvest even 
greater numbers of mature oocytes 12. 
The advantage of transferring more than one embryo was that this policy increased 
pregnancy chances. In their publication the Joneses emphasized this and reported a 
pregnancy rate of 13% with the transfer of a single embryo, 31% with two embryos, and 
50% with three embryos 9. 

However, the transfer of multiple embryos in IVF and (from 1992 on 13) intra-cytoplasmic 
sperm injection (ICSI) treatments also increased the multiple pregnancy rate and its 
associated problems such as premature delivery and intra-uterine growth restriction 14. 
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At first, this was taken for granted, 15;16 but gradually it was realized that the challenge 
was to find a proper balance between success rates and multiple pregnancy rates 17;18. 
Unfortunately, since those days of the IVF pioneers, we are still not able to select 
the embryo with the highest chances to result in a live birth and, as a consequence, 
pregnancy rates are disappointingly low. At present, the decision which embryos are 
suitable for transfer is based on morphological criteria, obtained by daily evaluation 
of the development of the embryo. Criteria assessed are the number of pronuclei, the 
number and regularity of the blastomeres and the percentage of fragmentation 19.  
However, embryos that are morphologically normal can be chromosomally abnormal 20. 
It is assumed that about half of all embryos obtained through IVF are aneuploid 21. Most 
of these aneuploid embryos do not implant or cause miscarriages. Therefore, it has been 
hypothesized that testing embryos for aneuploidies helps to choose the ‘right’ embryo for 
transfer and will improve pregnancy rates 22;23.

With preimplantation genetic screening (PGS), embryos created in vitro are analysed for 
aneuploidies and only those that are euploid for the chromosomes tested are selected 
for transfer. Nuclear material for genetic testing can be obtained by three approaches, 
performed at various stages of development. The first approach is the aspiration of the 
first and second polar body. The first polar body can be removed from the oocyte and 
used for PGS before fertilization 24. The second polar body is expelled by the oocyte 
after fertilization and can then be removed and used for PGS 25. Another approach to 
obtain nuclear material is the removal of one or two blastomeres from embryos at early 
cleavage stage 26. Biopsy is possible because blastomeres are believed to be totipotent 
at this stage. A third approach to obtain nuclear material is the removal of trophoblast 
cells at the blastocyst stage 27. With this technique more cells can be removed and 
tested. Currently the majority of centres performing PGS use cleavage-stage biopsy and 
remove one blastomere 28.
Removal of nuclear material for PGS requires the zona pellucida to be opened. This 
opening can be created chemically (with the use of acidic Tyrode’s solution), mechanically 
or with the use of a laser 29. After removal, the biopsied cells are spread on a microscope 
slide and chromosomes can be screened. In 1990 the first successful pregnancies were 
reported following the transfer of biopsied embryos in IVF that were genetically tested 
using polymerase chain reaction (PCR) 30. In these embryos only the sex chromosomes 
were tested to prevent offspring having an X-linked disease. 
From 1993 it became possible to screen single cells from preimplantation embryo’s by 
fluorescent in situ hybridization (FISH) for sex chromosomes and one extra autosome 
31. In the following years an increasing number of chromosomes could be screened. 
However, only a restricted number of probes can be simultaneously applied because of 
the limited number of fluorochromes and time available. By mixing of colours and by 
application of two, or three rounds of FISH, the number of chromosomes that can be 
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analysed can be enhanced. The chromosomes that are analysed in PGS differ between 
the various centres. 
At first, PGS was recommended and performed for the following indications: (i) advanced 
maternal age 22;23;32-37, (ii) repeated IVF failure 32;33;37-39, (iii) repeated miscarriage 
37;40-43, (iv) severe male factor/ TESE-ICSI 44-46,. The rationale for performing PGS 
for these indications is that embryos from these couples are reported to be aneuploid 
more often than embryos from controls 44;47-49. More recently, PGS has been offered to 
younger women with a good prognosis for a pregnancy, as high aneuploidy rates were 
found in their embryos as well 50. PGS is also performed without any indication, as an 
additional method to select the best embryo(s) for transfer 28.
PGS is increasingly used in IVF/ICSI treatments. In 2008 2275 IVF/ICSI cycles with 
PGS were reported to the ESHRE-PGD consortium, in 2009 this increased to 3900 
cycles 28;51. This is an underestimation of the total number of IVF/ICSI cycles with PGS 
performed, since only 50 centres worldwide reported their data to the ESHRE-PGD 
consortium. In the United States almost 2200 IVF/ICSI cycles with PGS were reported in 
a survey of assisted reproductive technology clinics in 2005 52. 

Background of the research described in this 
thesis

At the start of the studies described in this thesis, evidence regarding the effectiveness 
of PGS was limited. For the indication advanced maternal age and recurrent IVF failure 
only non-randomised controlled studies had been published, showing an increase 
in implantation rate, but no difference in pregnancy rate 22;23;32;34. For the other 
indications no controlled trials comparing IVF/ICSI with PGS to IVF/ICSI without PGS 
were available. More information was urgently needed, because despite the limited 
evidence regarding effectiveness, PGS was increasingly performed and in some centers 
it became a standard treatment. Therefore we performed a multicenter, double-blind 
randomized controlled trial to assess the effect of PGS in women of advanced maternal 
age undergoing an IVF/ICSI treatment. Using the data from this randomized controlled 
trial, we also performed subgroup analyses to assess whether we could identify 
subgroups that benefit most from PGS.  
During the period we performed our study and after our study was published other 
randomised controlled trials were also published. We performed a meta-analysis to 
assess the effectiveness of PGS for all suggested indications.

Pregnancy rates after PGS are very different between the various studies performed, 
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. 
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However, pregnancy rates depend on multiple factors, and it is impossible to determine 
whether these differences are center or patient related by simply comparing pregnancy 
rates per center. Therefore we assessed whether center related differences in pregnancy 
rates after PGS exist by adjusting for patient and treatment related factors.

Since only aneuploid embryos are transferred after PGS, it has been suggested that 
PGS may also be used as an alternative to prenatal testing for Down syndrome 53. The 
advantage of this approach is that couples then do not have to decide whether they want 
to undergo invasive prenatal procedures with the risk of miscarriage, nor do they have to 
make any decisions about terminating a Down syndrome pregnancy. Disadvantages are 
that embryos can be misdiagnosed and that –when this study was performed- the effect 
of PGS on pregnancy chances was still unknown. Misdiagnosis is possible because the 
chromosomal content of blastomeres from the same embryo can differ, a phenomenon 
known as mosaicism 47. 
We handed out trade-off questionnaires to assess the attitudes of women undergoing 
IVF/ICSI towards PGS as an alternative to prenatal testing.
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Outline of the thesis

In CHAPTER 2 we describe the results of a multicenter, double-blind, randomized 
controlled trial comparing three cycles of IVF/ICSI with PGS to three cycles of IVF/ICSI 
without PGS in 408 women between 35 and 41 years of age. The primary outcome 
measure was ongoing pregnancy. Secondary outcome measures were pregnancy, 
clinical pregnancy, miscarriage and live birth.

In CHAPTER 3 we assess the effect of PGS on live birth rates in women of advanced 
maternal age with variable risks for embryonic aneuploidy, using data from the 
randomized controlled trial. Primary end point was a live birth. The effect of PGS on 
live birth rates was compared between groups defined by maternal age, number of 
previous miscarriages, semen quality, total amount of recombinant FSH administered 
during ovarian stimulation and total number of top quality embryos, since these factors 
are known to affect the risk for embryonic aneuploidy.  

In CHAPTER 4 we review the literature on the effectiveness of PGS in terms of live birth 
in women undergoing IVF/ICSI with PGS as compared to women undergoing IVF/ICSI 
without PGS for all proposed indications for PGS. Inclusion of studies and assessment of 
quality was performed according to the principles of the Cochrane Menstrual Disorders 
and Subfertility Group. Secondary outcome measures compared were proportion of 
women reaching embryo transfer, mean number of embryos transferred, clinical 
pregnancy rate, multiple pregnancy rate, miscarriage rate, ongoing pregnancy rate, 
proportion of women reaching embryo transfer after cryopreservation, and the proportion 
of women whose child has a congenital malformation.

In CHAPTER 5 we perform a multivariable analysis, using data from the ESHRE-PGD 
Consortium, to assess which factors influence pregnancy rates in PGS, and use this 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.

In CHAPTER 6 we evaluate patient preferences towards PGS as an alternative to 
prenatal testing for Down syndrome using trade-offs. This study was performed among 
244 women undergoing an IVF/ICSI treatment. Scenarios with different pregnancy 
chances after PGS and with different risk reductions of a Down syndrome pregnancy are 
presented.

In CHAPTER 7 the results of the study are integrated into a broad perspective and 
implications for future research in this field are given.

In CHAPTER 8 we summarise the results of the studies presented in this thesis.
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