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Pregnancy rates after in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) 
are disappointingly low. A possible explanation for this low pregnancy rate is the high 
incidence of numerical chromosome abnormalities in embryos. Preimplantation genetic 
screening (PGS) has been proposed as a way to increase live-birth rates after IVF/ICSI. 
Although results were promising at its introduction, current results show the opposite. 
The largest randomized controlled trial, performed in women aged 35-41, showed a 
significant reduction after IVF/ICSI with PGS as compared to IVF/ICSI without PGS (OR 
0.68, 95% CI 0.50 to 0.92) 1. No subgroups in which PGS improved live birth rates 
could be identified 2. An analysis of the literature, summarized in a meta-analysis showed 
a decrease in live birth rates after PGS in women of advanced maternal age and in 
women with repeated IVF failure (OR 0.59, 95% CI 0.44 to 0.81 and OR 0.41, 95% CI 
0.20 to 0.88 respectively)3,4. When PGS was performed in good prognosis patients, a 
similar trend was seen, although the difference was not statistically significant (OR 0.50, 
95% CI 0.20 to 1.20).

Why could it be that PGS does not result in 
higher pregnancy rates?

Technical aspects
First, the technique of PGS, or more precisely 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. There is debate about whether the removal of a cell 
hampers embryo development. When the technique was developed, the assumption 
was that at day three of development cells are still totipotent, i.e. each cell can replace 
another cell, and the embryo is not yet compacting. Therefore it was assumed that at this 
stage blastomeres could be removed without impairing the in vitro development of the 
embryo 5. Indeed, some investigators reported that the removal of a blastomere did not 
negatively influence embryo development 5,6. Other authors reported delay in cleavage 
after biopsy with a reduction in total number of cells, the inner cell mass and the ratio of 
inner cell mass to trophectoderm cells, although there was no effect on the proportion of 
embryos developing to the blastocyst stage 7. 
It is still unknown whether the removal of a blastomere interferes with pregnancy chances. 
In line with this, 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 did not negatively influence further embryo development as compared to the 
removal of one cell 5,8,9. Others did report a negative influence on embryo development 
after the removal of two cells, although live birth rates seemed not to be affected by the 
removal of two cells as compared to the removal of one cell, with a live birth rate per 
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started cycle of 17.2% and 20.2% respectively 10. In contrast, another study reported that 
implantation rates were worse after the removal of two cells compared to the removal of 
one cell 11. More data are thus needed to assess whether the removal of one or two cells 
interferes with embryo development and pregnancy rates.
Next, fluorescent in situ hybridization (FISH), commonly used in PGS to analyze the ploidy 
status of the embryo, may not be able to detect all aneuploid embryos, due to the limited 
number of chromosomes tested. This, in turn, is caused by technical limitations, i.e. the 
available number of fluorochromes and the limited time available for testing. Embryos 
labelled as normal after PGS could thus be aneuploid for one of the chromosomes not 
tested. Unfortunately, it is not known which combination of probes is best. Most centers 
screen five to nine chromosomes. The selection of chromosomes is quite arbitrary since 
there are no large detailed studies on the frequency of aneuploidies of all chromosomes 
in cleavage stage embryos, and there are no studies comparing PGS outcomes for 
different probe selections. Increasing the number of chromosomes tested by performing 
multiple rounds of FISH has been proposed to improve PGS results 12,13,14. Whether this 
improves live birth rates after PGS is unclear. 
FISH may also not be able to detect all aneuploid embryos due to the error rate of the 
technique, i.e. embryos labelled as normal after PGS could be aneuploid for one of the 
chromosomes tested due to FISH errors. Scoring errors of FISH signals may arise from 
loss or damage of nuclear material, overlapping signals, split signals, diffused signals, 
hybridisation failure, cross hybridization, and probe inefficiency 15. Possibly, the efficiency 
of FISH can be improved by the use of ‘no result rescue’, in which a nucleus with an 
unclear result is retested using another probe that binds to a different locus of the same 
chromosome 12. FISH analysis has in general a 92-99% accuracy per probe, so when 
using a multi-probe panel on one blastomere, there is always the risk of misdiagnosis 16-19.   

Technical skills
Pregnancy rates after PGS differ between centers 20. It has been argued that some centers 
lack the technical skills to perform PGS and that this is the reason for the decrease of 
pregnancy rates after PGS in some studies 21-24. Comparing centers by just looking 
at their pregnancy rates might be too simplistic since pregnancy rates are influenced 
by more than just the center that performs the PGS. Indeed, even after adjustment for 
population and treatment differences, large differences in pregnancy rates exist between 
PGS centers. After adjusting for female age, indication for PGS, number of embryos, 
moment of biopsy and number of cycles performed by the center twenty-seven centers 
performed worse than predicted and twelve centers performed better than predicted 
25. The question remains how to explain these large differences between centers. Is the 
center indeed responsible for its high or low pregnancy rate after PGS, or are other 
factors –that were not included in the analysis- responsible for these differences? Such 
variables could be the number of blastomeres removed, the number of cells an embryo 
contains or the percentage of fragmentation at the moment of biopsy 5,8-11,22,25. 
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Mosaicism
Finally, the chromosomal constitution of the blastomere removed could be not 
representative for the entire embryo, a phenomenon known as mosaicism. Mosacism is 
an inherent biological limitation of PGS, as it exists in embryos and cannot be ‘corrected’. 
So far, the focus with mosaicism is mainly on the risk of misdiagnosis, rather than on the 
impact of mosaicism on live birth rates 26,27. In case of diploid-aneuploid mosaicism, 
i.e. the embryo consists of both normal as well as aneuploid blastomeres, aspiration of 
a normal blastomere will reduce the proportion of diploid blastomeres in the embryo 
and lead to the transfer of an embryo with an increased proportion of abnormal cells. 
Conversely, aspiration of an aneuploid blastomere from this embryo will increase the 
proportion of normal blastomeres and lead to the discarding of these embryos, despite 
the fact that they have potential to be viable 28,29. A systematic review of the literature 
reported that 59% of the cleavage stage embryos were diploid-aneuploid mosaic with 
a mean of 72% normal blastomeres in these embryos 30. This means that in 17% of the 
embryos (0.59*0.28) an aneuploid blastomere will be aspirated in a diploid-aneuploid 
embryo and a potentially viable embryo will be discarded. In 42% (0.59*0.72) of the 
diploid-aneuploid embryos a diploid blastomere will be aspirated leaving the embryo 
with a relatively lower number of diploid blastomeres. The studies in this systematic 
review used FISH for five or more chromosomes. Another study that explored the entire 
genomic constitution of all available blastomeres from good-quality embryos reported 
that only 9% of the embryos were normal diploid in all blastomeres and 48% of the 
embryos were diploid-aneuploid mosaic 29,31. Their 9% fully normal diploid cleavage 
stage embryos is less than the pregnancy rate following IVF/ICSI in virtually all centers. 
Therefore, at least some of the transferred diploid-aneuploid mosaic embryos must be 
able to survive to term and lead to a healthy baby 31,32. 

In conclusion, technical aspects and technical skills as well as mosaicism could contribute 
to the inefficiency of PGS.  

Alternative techniques

Because of the disappointing results of PGS thus far, new techniques are being developed 
to improve the accuracy of PGS. This involves different timing of the embryo biopsy and 
the use of more advanced genetic analysis to determine the genetic content of a single 
cell. 

Timing of the biopsy
Some advocate that biopsy at the blastocyst stage may allow sampling of representative 
genetic material without compromising embryo viability 33,34. The theoretical advantages 
of blastocyst biopsy are that multiple cells can be aspirated, providing a more 
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representative overview of the chromosomal status of the embryo 35. Only extra-embryonic 
trophectoderm cells are removed, leaving the inner cell mass which contains the cells the 
future child derives from, intact 36. However, it is unknown whether the throphectoderm 
cells are representative for the cells of the inner cell mass and blastocyst PGS leaves 
only limited time for the analysis of the aspirated cells. In the only randomised trial that 
performed PGS at the blastocyst stage live birth rates were significantly lower after PGS 
(OR 0.40, 95% CI 0.18 to 0.90) 37. This trial was performed in good prognosis patients. 
Polar body biopsy may offer another viable alternative to blastomere biopsy 38,39. A 
disadvantage of PGS at the polar body stage is the inability to detect chromosome errors 
of paternal and/or post zygotic origin. The impact of this may be limited, because the 
overall paternal contribution to the aneuploidy risk of an embryo derived from assisted 
reproduction is low with more than 90% of all aneuploidies being of maternal origin 38. 
An advantage of this approach is that polar bodies represent extra-embryonic material, 
leaving the integrity of the embryo unaffected, and that they play no biological role in the 
development of the future embryo. Another advantage of polar body biopsy is that more 
time is available for the analysis of all chromosomes. Finally, mosaicism is clearly not an 
issue at this stage of development.

Genetic analysis
Complete karyotyping of blastomeres can be achieved with the use of comparative 
genomic hybridisation (CGH) and array-based technologies 19,32,33,40,41. Until recently 
the disadvantage of these techniques was that it was time consuming (three to four days) 
and biopsied embryos had to be frozen because the results were not ready by the time the 
embryo should be transferred 42. Improvements in the technique now make it possible to 
have the results without the need for cryopreservation of the embryos 43. A recent study 
reported that array-CGH will detect approximately 42% more abnormalities and 13% 
more abnormal embryos than the standard 12-probe FISH approach 44. Another thrial 
claims hat CGH at the blastocyst stage overcomes many of the problems that limited 
earlier aneuploidy screening techniques and may finally allow preimplantation genetic 
screening to achieve the benefits predicted by theory 45.  
Although these new techniques might indeed improve the accuracy to detect abnormalities 
in a single cell, it will not circumvent the problem of mosaicism 27,28, and it is  unsure 
whether it will improve live birth rates. There is a lesson to be learned from the application 
of PGS without proof of effectiveness in the past. The days should now be behind us where 
a technique is routinely applied just because it is widely promoted and has an appealing 
theory. The lack of evidence for the effectiveness of PGS after all these years, combined 
with the accumulating evidence for its harmfulness, means that PGS, also in a new format, 
should not be offered in clinical practice. Before RCT’s using any of the new techniques 
can be started, it is essential that pilot-studies first clearly demonstrate the potential for 
benefit in terms of increased ongoing pregnancy rates per cycle. 
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Alternative applications of PGS

PGS was initially developed is to improve pregnancy rates, yet other applications for 
the technique might also be possible. It has been suggested that PGS may also be 
used as an alternative to prenatal testing for Down syndrome 46.  When the attitude of 
subfertile women with an IVF/ICSI indication towards PGS as an alternative to prenatal 
testing for Down syndrome was reviewed, 83% of the women opted for PGS if this would 
have no negative effect on their pregnancy chances. In case PGS reduced the chance 
of a Down syndrome pregnancy with 80% without affecting pregnancy chances, 75% 
of the women would have PGS performed 47. The sensitivity of PGS in detecting Down 
syndrome embryo’s is unknown, but is probably lower than the 80% used in this study, 
given the high percentage of mosaic embryos 29,30. 
In this same study 36% of the women would have PGS performed in case PGS lowered 
pregnancy chances from one in five to one in seven. Unfortunately women’s attitudes in 
case PGS would not detect all Down syndrome embryos and reduces pregnancy chances 
as well, which -we know now- is the case, was not assessed. It can be assumed that not 
many women want to have PGS in such a scenario, at least less than 36%. Therefore 
it is unlikely PGS -in its current form- can be used as an alternative to Down syndrome 
testing. 

Conclusion and clinical implications

There is no evidence of a beneficial effect of PGS as currently applied on live birth rate 
after IVF/ICSI for any suggested indication. No subgroups that benefit from adding PGS 
to their IVF/ICSI treatment can be identified. Furthermore, PGS can not be used as an 
alternative for Down syndrome screening. 
PGS should not be used in routine patient care. In line with this, in 2008 the American 
Society of Reproductive Medicine, the American College of Obstetricians and 
Gynaecologists 48,49 and the British Fertility Society 50  have issued statements that PGS 
should not be performed for any indication. Recently the European Society for Human 
Reproduction and Embryology also stated that there is no evidence that routine PGS is 
beneficial for patients of advanced maternal age 51.

Recommendations for future research

Future work on PGS should explore the effect of different timing for biopsy (polar 
body and trophectoderm biopsy) and the use of new technologies that allow for more 
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comprehensive screening of chromosomes (array-based technology) on live birth rate 
after IVF/ICSI with PGS for all indications. 
More important, adjacent to this, future research in the field of IVF/ICSI should focus 
on how freezing and thawing techniques can be improved. At the moment, pregnancy 
rates after transfer of frozen and thawed embryos are lower than after transfer of fresh 
embryos 52, making embryo selection necessary. If this can be improved, ideally to the 
level in which every embryo survives the freezing and thawing process, selection of 
embryos will not be necessary anymore since every embryo can be transferred. 
Improvements in embryo survival and implantation after freezing and thawing are 
reported with the use of vitrification for embryo cryopreservation 53-54. In addition, a 
significantly improved ongoing pregnancy rate after vitrification in comparison with 
slow freezing was reported in a recent meta-analysis 55.
This might be even more important since research reported that ovarian hyperstimulation 
might have an adverse effect on embryo implantation and on synchrony between the 
endometrium and the embryo 56-59. It has been suggested that this asynchrony in 
fresh cycles can be solved by cryopreservation of all embryos and transferring them 
subsequently in optimal conditions in a next frozen-thawed cycle. Indeed, a randomized 
controlled trial in women with a high response to ovarian hyperstimulation has shown that 
vitrification of all embryos followed by a transfer in a subsequent non-hyperstimulated 
cycle results in significantly improved ongoing pregnancy rates as compared to a fresh 
transfer in a cycle with ovarian hyperstimulation 60. More work remains to be done in 
optimizing this strategy, e.g. to date, there is insufficient evidence to recommend any 
protocol for priming of the endometrium over another 61. In addition more research is 
needed to see if this conclusion also holds for non-selected IVF/ICSI cycles. 
Ideally, in a scenario where all available embryos can be cryopreserved and transferred 
in subsequent cycles without impairment of pregnancy rates, no selection method is 
necessay anymore to improve live birth rates.

proefschrift twisk.indb   102 6-9-2011   09:38:10



103

7
Chapter

Reference List
 1. Mastenbroek S, Twisk M, van Echten-Arends J, Sikkema-Raddatz B, Korevaar JC, Verhoeve HR, 

Vogel NE, Arts EG, de Vries JW, Bossuyt PM, Buys CH, Heineman MJ, Repping S, van der Veen 
F. In vitro fertilization with preimplantation genetic screening. N Engl J Med 2007;357:9-17.

 2. Twisk M, Mastenbroek S, Hoek A, Heineman MJ, van der Veen F, Bossuyt PM, Repping S, 
Korevaar JC. No beneficial effect of preimplantation genetic screening in women of advanced 
maternal age with a high risk for embryonic aneuploidy. Hum Reprod 2008;23:2813-2817.

 3. Twisk M, Mastenbroek S, van Wely M, Heineman MJ, van der Veen F, Repping S. Preimplantation 
genetic screening for abnormal number of chromosomes (aneuploidies) in in vitro fertilisation 
or intracytoplasmic sperm injection. Cochrane Database Syst Rev 2006;1:CD005291

 4. Mastenbroek S, Twisk M, van der Veen F, Repping S. Preimplantation Genetic Screening: A 
systematic review and meta-analysis of randomized controlled trials. Hum Reprod Update. 
2011 Jul-Aug;17:454-66

 5. Hardy K, Martin KL, Leese HJ, Winston RM, Handyside AH. Human preimplantation development 
in vitro is not adversely affected by biopsy at the 8-cell stage. Hum Reprod 1990;5:708-714.

 6. Cieslak-Janzen J, Tur-Kaspa I, Ilkevitch Y, Bernal A, Morris R, Verlinsky Y. Multiple 
micromanipulations for preimplantation genetic diagnosis do not affect embryo development 
to the blastocyst stage. Fertil Steril 2006;85:1826-1829.

 7. Tarin JJ, Conaghan J, Winston RM, Handyside AH. Human embryo biopsy on the 2nd day after 
insemination for preimplantation diagnosis: removal of a quarter of embryo retards cleavage. 
Fertil Steril 1992;58:970-976.

 8. Baart EB, Van Opstal D, Los FJ, Fauser BC, Martini E. Fluorescence in situ hybridization analysis 
of two blastomeres from day 3 frozen-thawed embryos followed by analysis of the remaining 
embryo on day 5. Hum Reprod 2004;19;685-693.

 9. Van de Velde H, De Vos A, Sermon K, Staessen C, De Rycke M, Van Assche E, Lissens W, 
Vandervorst M, Van Ranst H, Liebaers I, Van Steirteghem A. Embryo implantation after biopsy of 
one or two cells from cleavage-stage embryos with a view to preimplantation genetic diagnosis. 
Prenat Diagn 2000;20:1030-1037.

 10. Goossens V, De Rycke M, De Vos A, Staessen C, Michiels A, Verpoest W, Van Steirteghem A, 
Bertrand C, Liebaers I, Devroey P, Sermon K. Diagnostic efficiency, embryonic development 
and clinical outcome after the biopsy of one or two blastomeres for preimplantation genetic 
diagnosis. Hum Reprod 2008;23:493-498.

 11. Cohen J, Wells D, Munne S. Removal of 2 cells from cleavage stage embryos is likely to reduce 
the efficacy of chromosomal tests that are used to enhance implantation rates. Fertil Steril 
2006;87:496-503.

 12. Colls P, Escudero T, Cekleniak N, Sadowy S, Cohen J, Munne S. Increased efficiency of 
preimplantation genetic diagnosis for infertility using “no result rescue”. Fertil Steril 2007;88:53-
61.

 13. Colls P, Goodall N, Zheng X, Munne S. Increased efficiency of preimplantation genetic diagnosis 
for aneuploidy by testing 12 chromosomes. Reprod Biomed Online 2009;19:532-538.

 14. Munne S, Fragouli E, Colls P, Katz-Jaffe M, Schoolcraft W, Wells D. Improved detection of 
aneuploid blastocysts using a new 12-chromosome FISH test. Reprod Biomed Online 
2010;20:92-97.

 15. Wilton L, Thornhill A, Traeger-Synodinos J, Sermon KD, Harper JC. The causes of misdiagnosis 
and adverse outcomes in PGD. Hum Reprod 2009;24:1221-1228.

 16. Michiels A, Van Assche E, Liebaers I, Van Steirteghem A, Staessen C. The analysis of one or 
two blastomeres for PGD using fluorescence in-situ hybridization. Hum Reprod 2006;21:2396-
2402.

proefschrift twisk.indb   103 6-9-2011   09:38:10



104

 17. Deugarte CM, Li M, Surrey M, Danser H, Hill D, Decherney AH. Accuracy of FISH analysis in 
predicting chromosomal status in patients undergoing preimplantation genetic diagnosis. Fertil 
Steril 2008;90:1049-1054.

 18. Ruangvutilert P, Delhanty JD, Rodeck CH, Harper JC. Relative efficiency of FISH on metaphase 
and interphase nuclei from non-mosaic trisomic or triploid fibroblast cultures. Prenat Diagn 
2000;20:159-162.

 19. Treff NR, Levy B, Su J, Northrop LE, Tao X, Scott RT Jr. SNP microarray-based 24 chromosome 
aneuploidy screening is significantly more consistent than FISH. Mol Hum Reprod 2010;16:583-
589.

 20. Goossens V, Harton G, Moutou C, Traeger-Synodinos J, Van Rij M, Harper JC. ESHRE PGD 
Consortium data collection IX: cycles from January to December 2006 with pregnancy follow-
up to October 2007. Hum Reprod 2009;24:1786-1810.

 21. Cohen J, Munne S. Comment 2 on Staessen et al. Two-cell biopsy and PGD pregnancy 
outcome. Hum Reprod 2005;20:2363-2364.

 22. Cohen J, Grifo JA. Multicentre trial of preimplantation genetic screening reported in the 
New England Journal of Medicine: an in-depth look at the findings. Reprod Biomed Online 
2007;15:365-366.

 23. Munne S, Gianaroli L, Tur-Kaspa I, Magli C, Sandalinas M, Grifo J, Cram D, Kahraman S, 
Verlinsky Y, Simpson JL. Substandard application of preimplantation genetic screening may 
interfere with its clinical success. Fertil Steril 2007;88:781-784.

 24. Simpson JL. Randomized clinical trial in assessing PGS: necessary but not sufficient. Hum 
Reprod 2008;23:2179-2181.

 25. Twisk M, Korevaar JC, Harper J, Goossens V, van der Veen F, Repping S. Differences in 
pregnancy rates between PGS centers: an in depth look at the ESHRE PGD Consortium data 
collection, submitted.

 26. Los FJ, van Opstal D, van den Berg C. The development of cytogenetically normal, abnormal 
and mosaic embryos: a theoretical model. Hum Reprod Update 2004;10:79-94.

 27. Staessen C, Platteau P, Van Assche E, Michiels A, Tournaye H, Camus M, Devroey P, Liebaers I, 
Van Steirteghem A. Comparison of blastocyst transfer with or without preimplantation genetic 
diagnosis for aneuploidy screening in couples with advanced maternal age: a prospective 
randomized controlled trial. Hum Reprod 2004;19:2849-2858.

 28. Mastenbroek S, Scriven P, Twisk M, Viville S, Van der Veen F, Repping S. What next for 
preimplantation genetic screening? More randomized controlled trials needed? Hum Reprod 
2008;23:2626-2628.

 29. Vanneste E, Voet T, Le Caignec C, Ampe M, Konings P, Melotte C, Debrock S, Amyere M, 
Vikkula M, Schuit F, Fryns JP, Verbeke G, D’Hooghe T, Moreau Y, Vermeesch JR. Chromosome 
instability is common in human cleavage-stage embryos. Nat Med 2009;15:577-583.

 30. van Echten-Arends J, Mastenbroek S, Sikkema-Raddatz B, Korevaar JC, Heineman MJ, van der 
Veen F, Repping S. Chromosomal mosaicism in human preimplantation embryos: a systematic 
review. Hum Reprod Update. 2011;17:620-627

 31. Vanneste E, Voet T, Melotte C, Debrock S, Sermon K, Staessen C, Liebaers I, Fryns JP, 
D’Hooghe T, Vermeesch JR. What next for preimplantation genetic screening? High mitotic 
chromosome instability rate provides the biological basis for the low success rate. Hum Reprod 
2009;24:2679-2682.

 32. Northrop LE, Treff NR, Levy B, Scott RT Jr. SNP microarray-based 24 chromosome aneuploidy 
screening demonstrates that cleavage-stage FISH poorly predicts aneuploidy in embryos that 
develop to morphologically normal blastocysts. Mol Hum Reprod 2010;16:590-600.

 33. Munne S, Howles SM, Wells D. The role of preimplantation genetic diagnosis in diagnosing 
embryo aneuploidy. Curr Opin Obstet Gynecol 2009;21:442-449.

 34. Schoolcraft WB, Fragouli E, Stevens J, Munne S, Katz-Jaffe MG, Wells D. Clinical application 
of comprehensive chromosomal screening at the blastocyst stage. Fertil Steril 2010;94:1700-
1706.

proefschrift twisk.indb   104 6-9-2011   09:38:10



105

7
Chapter

 35. Bielanska M, Tan SL, Ao A. Chromosomal mosaicism throughout human preimplantation 
development in vitro: incidence, type and relevance to embryo outcome. Hum Reprod 
2002;17:413-419.

 36. Dokras A, Sargent IL, Ross C, Gardner RL, Barlow DH. Trophectoderm biopsy in human 
blastocysts. Hum Reprod 1990;5:821-825.

 37. Jansen RP, Bowman MC, de Boer KA, Leigh DA, Lieberman DB, McArthur SJ. What next for 
preimplantation genetic screening (PGS)? Experience with blastocyst biopsy and testing for 
aneuploidy. Hum Reprod 2008;23:1476-1478.

 38. Montag M, van der Ven K, Rosing B, van der Ven H. Polar body biopsy: a viable alternative to 
preimplantation genetic diagnosis and screening. Reprod Biomed Online 2009;18(Suppl 1):6-
11.

 39. Geraedts J, Collins J, Gianaroli L, Goossens V, Handyside A, Harper J, Montag M, Repping S, 
Schmutzler A. What next for preimplantation genetic screening? A polar body approach! Hum 
Reprod 2010;25:575-577.

 40. Voullaire L, Slater H, Williamson R, Wilton L. Chromosome analysis of blastomeres from human 
embryos by using comparative genomic hybridization. Hum Genet 2000;106:210-217.

 41. Wells D, Alfarawati S, Fragouli E. Use of comprehensive chromosomal screening for embryo 
assessment: microarrays and CGH. Mol Hum Reprod 2008;14:703-710.

 42. Wilton L, Voullaire L, Sargeant P, Williamson R, McBain J. Preimplantation aneuploidy screening 
using comparative genomic hybridization or fluorescence in situ hybridization of embryos from 
patients with recurrent implantation failure. Fertil Steril 2003;80:860-868.

 43. Hellani A, Abu-Amero K, Azouri J, El-Akoum S. Successful pregnancies after application of 
array-comparative genomic hybridization in PGS-aneuploidy screening. Reprod Biomed Online 
2008;17:841-847.

 44. Gutiérrez-Mateo C, Colls P, Sánchez-García J, Escudero T, Prates R, Ketterson K, Wells D, 
Munné S. Validation of microarray comparative genomic hybridization for comprehensive 
chromosome analysis of embryos. Fertil Steril 2011:95;953-958.

 45. Schoolcraft WB, Fragouli E, Stevens J, Munne S, Katz-Jaffe MG, Wells D. Clinical application 
of comprehensive chromosomal screening at the blastocyst stage. Fertil Steril 2010:94;1700-
1706.

 46. Gottlieb S. Doctors may be able to detect Down’s syndrome during IVF. BMJ 2001;323:67.
 47. Twisk M, Haadsma ML, van der Veen F, Repping S, Mastenbroek S, Heineman MJ, Bossuyt 

PM, Korevaar JC. Preimplantation genetic screening as an alternative to prenatal testing for 
Down syndrome: preferences of women undergoing in vitro fertilization/intracytoplasmic sperm 
injection treatment. Fertil Steril 2007;88:804-810.

 48. American College of Obstetricians and Gynaecologists. ACOG Commitee opinion No. 430: 
preimplantation genetic screening for aneuploidy. Obstet Gynecol 2008;113:766-767.

 49. The practice committee of the Society of Assisted Reproductive Technology and the American 
Society of Reproductive Medicine. Preimplantation genetic testing: a practice committee 
opinion. Fertil Steril 2008;90(5 Suppl):S136-S143.

 50. Anderson RA, Pickering S. The current status of preimplantation genetic screening: British fertility 
society policy and practice guidelines. Hum Fertil 2008;11:71-75.

 51. Harper J, Coonen E, De Rycke M, Fiorentine F, Geraedts J, Goossens V, Harton G, Moutou C, 
Pehlivan T, Renwick P, SenGupta S, Traeger-Synodinos T, Vesela K. What next for preimplantation 
genetic screening (PGS)? A position statement from the ESHRE PGD Consortium steering 
committee. Hum Reprod 2010;25:821-823.

 52. De Mouzon J, Goossens V, Bhattacharya S, Castilla JA, Ferraretti AP, Korsak V, Kupka M, Nygren 
KG, Nyboe Andersen A. Assisted reproductive technology in Europe, 2006: results generated 
from European registers by ESHRE. Hum Reprod 2010;25:1851-1862.

 53. Zhang J, Chang L, Sone Y, Silber S. Minimal ovarian stimulation (mini-IVF) for IVF utilizing 
vitrification and cryopreserved embryo transfer. Reprod Biomed Online 2010;21:485-495.

proefschrift twisk.indb   105 6-9-2011   09:38:10



106

 54. Loutradi KE, Kolibianakis EM, Venetis CA, Papanikolaou EG, Pados G, Bontis I, Tarlatzis BC. 
Cryopreservation of human embryos by vitrification or slow freezing: a systematic review and 
meta-analysis. Fertil Steril 2008;90:186-193.

 55. Abdelhafez FF, Desai N, Abou-Setta AM, Falcone T, Goldfarb J. Slow freezing, vitrification and 
ultra-rapid freezing of human embryos: a systematic review and meta-analysis. Reprod Biomed 
Online 2010;20:209-222.

 56. Paulson RJ, Sauer MV, Lobo RA. Factors affecting embryo implantation after human in vitro 
fertilization: a hypothesis. Am J Obstet Gynecol 1990;163:2020-2023.

 57. Check JH, O’Shaughnessy A, Lurie D, Fisher C, Adelson HG. Evaluation of the mechanism for 
higher pregnancy rates in donor oocyte recipients by comparison of fresh with frozen embryo 
transfer pregnancy rates in a shared oocyte programme. Hum Reprod 1995;10:3022-3027.

 58. Check JH, Choe JK, Katsoff D, Summers-Chase D, Wilson C. Controlled ovarian hyperstimulation 
adversely affects implantation following in vitro fertilization-embryo transfer. J Assist Reprod 
Genet 1999;16:416-420.

 59. Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Ross R. Contrasting patterns in in vitro 
fertilization pregnancy rates among fresh autologous, fresh oocyte donor, and cryopreserved 
cycles with the use of day 5 or day 6 blastocysts may reflect differences in embryo-endometrium 
synchrony. Fertil Steril 2008;89:20-26.

 60. Aflatoonian A, Oskouian H, Ahmadi S, Oskouian L. Can fresh embryo transfers be replaced 
by cryopreserved-thawed embryo transfers in assisted reproductive cycles? A randomized 
controlled trial. J Assist Reprod Genet 2010;27:357-363.

 61. Glujovsky D, Pesce R, Fiszbajn G, Sueldo C, Hart RJ, Ciapponi A. Endometrial preparation 
for women undergoing embryo transfer with frozen embryos or embryos derived from donor 
oocytes. Cochrane Database Syst Rev 2010;20:CD006359.

proefschrift twisk.indb   106 6-9-2011   09:38:10




