EDITORIAL: Embryo Damage by Sub-optimal Biopsy may interfere with clinical success of
PGD for infertility

Munne S*, Cohen J!, Gianaroli L2, Tur-Kaspa I3, Magli C2, Sandalinas M4, Grifo J5, Cram DS,
Kahraman S7, Verlinsky Y3 Simpson JL8

Reprogenetics, Livingston, NJ; 2S.1.5.Me.R., Bologna, ltaly; 3Reproductive Genetics Institute,
Chicago, IL; “Reprogenetics-Spain, Barcelona, Spain; New York University, NY, éMonash IVF,
Clayton, VIC, Australia; 7Istanbul Memorial Hospital, Istanbul, Turkey; 8Florida International

University College of Medicine, Miami, FL.

Pregnancy rates after in-vitro fertilization (IVF) steadily decline with maternal age while
pregnancy loss increases. It is widely accepted that reduced fertility with age is mostly egg related
and not caused by reduced uterine receptivity (1).

Chromosome abnormalities arising from spindle disorders in aging eggs are one of the

major reasons for the reduced egg quality. Even in young patients, close to 50% of preimplantation
embryos are abnormal, a figure increasing to nearly 80% for patients 40 and older (2,3).
This high incidence of chromosome abnormalities can be mitigated by preimplantation genetic
diagnosis (PGD), often described as Preimplantation Genetic Screening (PGS), which consists of
biopsying usually one cell from each IVF generated embryo and testing this biopsied cell with
molecular techniques or fluorescence in-situ hybridization (FISH) before embryo transfer to the
patient. Given the high rate of chromosomal abnormalities in IVF embryos, PGD was expected to
improve IVF outcome by selecting for transfer only those embryos that are chromosomally normal
(4). To date, more than 20,000 PGD procedures have been performed worldwide for that purpose
(5, and personal communications). However, the positive impact of PGD on pregnancy outcome is
highly technique-dependent: low error rates and minimal embryo damage are absolutely critical to
the success of the procedure.

Initial comparative studies showed that PGD for infertility indeed increased implantation
rates, decreased pregnancy loss, and reduced trisomic conceptions (6-10). However, none of
these studies were randomized, nor had sufficient case numbers to detect a significant increase in

live-birth rates. Randomized clinical trials in the US (and many other countries) have proved



difficult to perform because of the high cost associated and the self-pay nature of IVF and the lack
of federal funds for human embryo research.

More recently, a few randomized studies have been performed in countries where IVF
costs are covered by national health services. One well cited study demonstrated no difference in
outcome between control and PGD treated cases (11). However, in this study, two cells were
biopsied per embryo, a procedure that is avoided by most experienced centers. The removal of
more than one cell is very likely to harm the embryo by compromising the developmental events
that follow the biopsy, such as compaction.

Studies assessing biopsy damage without doing PGD selection have not been attempted.
However, indirect evidence of the effect of the biopsy on embryo viability has been provided in a
study that has assessed the loss of two cells from 5-8 cell embryos after freezing and thawing. In
that study the implantation potential of the embryo decreased by more than 50% whereas the loss
of one cell decreased it by only 10% (12). In a similar study, the loss of implantation potential
proved proportional to the number of cells lost (13); a single cell loss decreased implantation rate
by 10% and two by 20%. The embryo biopsy impact is validated by such cryopreservation data,
since these data reflect embryo damage caused by routine loss of one or more cells — a condition
similar to removal of cells for PGD.

Overall, the potential improvement in ART outcome caused by selecting against abnormal
embryos through PGD should far outweigh the potential damage caused by the biopsy procedure
(10%) if only one cell is removed. Thus Staessen et al. (11) may actually have shown a beneficial
effect of PGD since the estimated damage caused by two cell biopsy (>50%) was similar to the
potential of selecting against abnormal embryos by PGD (>50%).

Against this background comes a well-designed randomized study by Mastenbroek et al.
(14). The sample size was large enough to determine ongoing pregnancy rate changes, and only
one cell per embryo was removed. Yet the study results appear to indicate that PGD for advanced
maternal age in their hands is not helpful but actually detrimental to pregnancy outcome.

A careful review of this otherwise elegantly designed study provides significant clues as to
why PGD failed in the hands of the authors. In contrast to the experience of laboratories where
large numbers of PGD cycles have been performed and low rates of failed analyses (<5% no
results) have been encountered, the frequency of biopsied embryos without results in Mastenbroek

et al. was 20%. Moreover, the implantation rate in their study was only 6% in cycles in which



biopsy was performed, diagnosis failed, and “undetermined” (no result) embryos were replaced.
The implantation rate in a control group of patients who did not have PGD was 14.7%. Thus,
based on these figures, these authors have shown an estimated 59% reduction in implantation
potential due to the biopsy procedure. On the other hand, when the biopsied embryos with normal
results were replaced, implantation rate was 16.8% (again, compared to 14.7% in the control
group). It is hardly surprising that with 59% reduction of implantation potential the results of this
Randomized Clinical Trial (RCT) were not salutary. Had these been more in line with an expected
(10%) proportional reduction of implantation potential and only euploid embryos replaced, the
result may have been positive.

We can only speculate what went wrong during biopsy and/or transfer procedures to
produce such extensive damage to the embryos. One clue lies in Table 4 in which it is alluded that
laser malfunction and other logistic problems occur at high frequency. It is well known that slight
misalignment of lasers will still allow holes to be made in the zona pellucida yet this problem would
seriously compromise embryo survival (15). A 2.8% frequency of biopsy failure is also mentioned,
which is quite unusual in experienced centers.

Another factor which probably contributed to the poor results reported by Mastenbroek et
al. is the failure to use DNA probes for two chromosomes that account for >10% of abnormalities in
cleavage-stage human embryos, namely chromosomes 15 and 22. This further reduces the
selection potential of the technique.

No data on the error rate of the technique, calculated by reanalyzing abnormal embryos
not replaced and comparing that and the PGD result, are given. It the error rate is high, the
embryos replaced may not have been properly selected.

A final caveat is that PGD for infertility is just a selection tool. The smaller the pool of
embryos to be selected and the more embryos replaced, the less improvement in results can be
expected. The consequence is that there must be 6 or more embryos for biopsy and potential
replacement in order to detect an increase in live birth rate after PGD (8). In the study of
Mastenbroek et al. the average number of embryos biopsied was 4.8; thus, many patients must
have had only 2-3 embryos biopsied. Even if biopsy and diagnosis were done optimally, which is
obviously not the case, there would have been little beneficial effect.

Not withstanding our concern over the performance of the lab that conducted this RCT, the

authors’ ability to conduct a RCT needs to be praised. We realize that the onus is on established



centers and experienced PGD laboratories to conduct randomized studies to provide sound data
on the efficacy of PGD for infertility. In the meantime, it is crucial that centers offering PGD
demonstrate experience and quality control in biopsy and genetic testing.  Training courses in
biopsy are being provided through PGDIS and ESHRE. Further the PGD community in
collaboration with ASRM, SART and Genetics and Public Policy Center in Washington DC is
proceeding with development of a North American PGD registry to provide for longitudinal data on
accuracy and safety. Unfortunately, restrictive U.S. governmental policies on embryo research
have precluded a major funded RCT in the U.S.. We are hopeful this will change but irrespective
we will redouble efforts to conduct RCT with private funds.

Mastenbroek et al. (14) have shown that if PGD methods had been optimized and a far
lower damage rate than 59% been inflicted, PGD may well have improved IVF outcomes. Overall,
we think that this work demonstrates the validity of PGD hypothesis, but also shows that embryo
damage by biopsy procedure can be all too easily overlooked.

In summary, we believe that the conclusions of the current study about the lack of efficacy
of PGD for aneuploidy for women of advanced maternal age may reflect more on the criticality of
the biopsy procedure and the need for the use of additional chromosome probes. Drawing
conclusions about the overall or potential benefit of PGD for aneuploidy for these patients from this
study would be premature. The Centers with decades of experience in PGD stand challenged to

conduct RCT to provide definitive results for this important issue.

REFERENCES

1. Abdalla HI, Wren ME, Thomas A and Korea L (1997) Age of the uterus does not affect pregnancy
or implantation rates; a study of egg donation in women of different ages sharing oocytes from the
same donor. Human Reprod 12:827-829

2. Munné S, Serena C, Colls P, Garrisi J, Zheng X, Cekleniak N, Lenzi M, Hughes P2, Fischer J,
Garrisi M, Tomkin G, Cohen J (2007) Maternal age, morphology, development and chromosome
abnormalities in over 6000 cleavage-stage embryos. Reproductive Biomedicine Online 14:628-634

3. Magli MC, Gianaroli L, Ferrareti AP, Lappi M, Ruberti A, Farfalli VV (2007) Embryo morphology and

development are dependent on the chromosome complement. Fertility and Sterility, in press



4. Munné S, Lee A, Rosenwaks Z, Grifo J, Cohen J (1993) diagnosis of major chromosome
aneuploidies in human preimplantation embryos. Human Reprod. 8:2185-2191

5. Verlinsky, Y, Cohen J, Munne S, Gianaroli L, Simpson JL, Ferraretti AP, Kuliev A (2004) Over a
decade of preimplantation genetic diagnosis experience — a multicenter report. Fertil Steril 82:292-
294

6. Munné S, Magli C, Cohen J, Morton P, Sadowy S, Gianaroli L, Tucker M, Marquez C, Sable D,
Ferraretti AP, Massey JB, Scott R (1999) Positive outcome after preimplantation diagnosis of
aneuploidy in human embryos. Human Reprod. 14:2191-2199

7. Gianaroli L, Magli C, Ferraretti AP, Munné S (1999) Preimplantation diagnosis for aneuploidies in
patients undergoing in-vitro fertilization with a poor prognosis: identification of the categories for
which it should be proposed. Fertil Steril 72:837-844

8. Munné S, Sandalinas M, Escudero T, Velilla E, Walmsley R, Sadowy S, Cohen J, Sable D (2003)
Improved implantation after preimplantation genetic diagnosis of aneuploidy. Reprod Biomed
Online, 7:91-97

9. Munné S, Fischer J, Warner A, Chen S, Zouves C, Cohen J, And referring centers PGD group
(2006) Preimplantation Genetic Diagnosis Significantly Reduces Pregnancy Loss in Infertile
Couples: A Multi-Center Study. Fertil Steril 85:326-332

10. Verlinsky Y, Tur-Kaspa |, Cieslak J, Bernal A, Morris R, Taranissi M, Kaplan B, Kuliev A (2005)
Preimplantation testing for chromosomal disorders improves reproductive outcome of poor
prognosis patients. Reprod BioMed Online 2005 11:219-225

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

12. Cohen J, Wells D, Munné S (2007) Removal of two cells from cleavage stage embryos is likely to
reduce the efficacy of chromosomal tests employed to enhance implantation rates. Fertil Steril,
87:496-503

13. Edgar DH, Bourne H, Jericho H, McBain JC (2000) The developmental potential of cryopreserved
human embryos. Mol Cell Endocrinol. 27;169:69-72

14. Mastenbroek S, Twisk M, Van Echten-arends J, Sikkema-Raddatz B, Korevaar JC, Verhoeve
HR, Vogel NEA, Arts EGJM, De Vries JWA, Bossuyt PM, Buys CHCM, Heineman MJ, Repping S,



Van der Veen F (2007) Preimplantation Genetic Screening in Women of Advanced Maternal Age.
New England J Med. (in press)
15. Li L, Munné S, Licciardi F, Noev Y, Tadik Y, Godke R, Cohen J (1993) Effect of UV laser on the

development of mouse embryos assessed by microinjection of FITC-Dextran. Zygote. 1:43-48



