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Removal of 2 cells from cleavage stage embryos is
likely to reduce the efficacy of chromosomal tests that
are used to enhance implantation rates
Jacques Cohen, Ph.D.,a Dagan Wells, Ph.D.,a,b and Santiago Munné, Ph.D.a

a Reprogenetics LLC, West Orange, New Jersey; and b Department of Obstetrics, Gynecology and Reproductive Sciences,
School of Medicine, Yale University, New Haven, Connecticut

Objective: To evaluate whether differences in results between studies that involve preimplantation genetic
diagnosis for chromosome testing are affected by technology, such as the number of cells to be biopsied or by
differences in study design.
Design: Evaluation of studies of aneuploidy testing according to the use of probes, fixation technology, error
determination, and number of cells per embryo analyzed.
Setting: Preimplantation genetic diagnosis laboratories.
Patient(s): Patients in published studies who underwent preimplantation genetic diagnosis for infertility or
repeated pregnancy loss.
Intervention(s): As determined by each evaluated study, the number of biopsied cells and its effect on further
development was evaluated by a comparison of models of embryo freezing and partial cell loss.
Main Outcome Measure(s): Use of probes, fixation strategy, number of biopsied cells, and error rate determi-
nation of different published studies.
Result(s): Differences in results between studies can be explained by the technology used and are not affected
necessarily by differences in design and patient allocation.
Conclusion(s): Studies that contradict the finding that aneuploidy screening improves implantation and lowers
miscarriage rates all have �1 of the following aspects in common: (I) an excess of cells having been removed;
(II) inadequate choice of probes; and (III) suboptimal fixation technology. (Fertil Steril� 2007;87:496–503. ©
2007 by American Society for Reproductive Medicine.)
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ntil recently, there has been broad consensus about 2
losely related phenomena in human fertility: fecundity de-
reases with advancing maternal age, and reduced fecundity
s associated markedly with chromosomal anomalies in the
iscarried fetus. Although these notions remain fundamen-

al, new evidence from a wide array of studies that involved
hromosomal analysis of oocytes and early human embryos
hat were derived from IVF suggest that aneuploidy in oo-
ytes occurs at a much higher frequency than previously
ssumed and that the proportion of affected embryos is much
reater than expected (1–11).

Currently, it is accepted that at least 50% of human
mbryos are affected by aneuploidy and other chromosome
bnormalities. However, the mounting evidence that has
een collected by comparative genomic hybridization and
uorescent in situ hybridization (FISH) suggest that the true
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ncidence is higher still. These data indicate that as many as
0% of embryos that were derived from the most common
ge group of women with IVF who are treated in North
merica (35–37 years old) have chromosomal abnormalities

2, 4, 12). The proportion of affected embryos increases to
2% for women �40 years old (Table 1). Although this may
uggest that chromosomal anomalies are related mostly to
he infertile population, a recent study of young egg donors
evealed that �50% of embryos from these fertile patients
ere also affected by aneuploidy. This is particularly sur-
rising given that only 9 chromosomes were tested (11) and
uggests that the high frequency of such anomalies is not just
onfined to the infertile population. The question that is
entral to this issue therefore becomes whether the high
ncidences of anomalies are present in natural fertilization or
hether they are related to follicular stimulation.

Follicular stimulation is 1 of the factors that may increase
neuploidy artificially. Its true impact and the mechanism by
hich the spindle or other factors that are involved in main-

aining accurate chromosome segregation are affected
argely remain unknown. Follicular stimulation may lead to
he recruitment of smaller follicles that were unlikely to be
ecruited in the natural cycle and were predisposed to aneu-
loidy already. Some evidence from work in rabbits and

ice show that gonadotropin dose can affect a matured
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ocyte in vivo and result in chromosomal aberrations (13,
4). When follicles are cultured in vitro, the effect of FSH on
he metaphase and prometaphase spindle appears to be dose-
ependent (15). It is likely that ovulation induction in hu-
ans is a contributing factor, and it may increase embryonic

neuploidy, but the evidence is contradictory so far (16, 17).

Although the complex origins of aneuploidy remain am-
iguous, the fact remains that aneuploidy frequency is ex-
raordinarily high in human IVF embryos. In light of the
vidence, it is not surprising that reproductive specialists
ncreasingly are considering aneuploidy testing through pre-
mplantation genetic diagnosis (PGD) for infertility or PGD
or aneuploidy screening. A number of studies are now
roviding evidence that such procedures improve success
ates by significantly lowering miscarriages and improving
mplantation in certain groups of patients (18–21).

Despite large studies that indicate the advantages of an-
uploidy screening, the notion that PGD for infertility is
eneficial is not shared by all reproductive geneticists and
ndocrinologists. One study that was performed by the Free
niversity of Brussels argues that aneuploidy screening does
ot improve implantation rates. A second study from the
ame team shows that removing aneuploid embryos from
heir cohorts does not affect miscarriage rates (22, 23).
lthough these studies do help confirm previous investiga-

ions that were based on analyses of small groups of chro-
osomes (18), it is our argument that they were inadequately

esigned or harmed the embryos by extracting not 1 cell but
. The discussion here focuses on the detrimental effects of

TABLE 1
Estimated frequency of chromosome
abnormalities in assisted reproductive
technology-produced embryos.

Abnormality

Age (y)

20–34
(%)

35–39
(%)

40–47
(%)

Aneuploidy (9
chromosomes)a

24 27 39

Other aneuploidy (by
comparative
genomic
hybridization)b

5 6 8

Postmeiotic
abnormalitiesa,c

35 36 35

Total abnormalities 64 69 82
a Munne et al., 1995 (2); Marquez et al., 2000 (4).
b Gutierrez-Mateo et al., 2004 (12).
c Mosaic, polyploid, and haploid embryos.

Cohen. Embryo biopsy and aneuploidy testing. Fertil Steril 2007.
emoving 2 cells for aneuploidy testing. The argument that v

ertility and Sterility�
GD for infertility should be based on only randomized
tudies as has been suggested in recent reviews (24, 25) may
e attractive, but not at the cost of ignoring fundamental
mbryologic concerns that are associated with supplemen-
ary cell loss in early embryos.

IOPSY OF THE CLEAVING EMBRYO AND SUBSEQUENT
EVELOPMENT
ore than 1,000 scientific publications about PGD have

een published since the original report by Handyside et al.
26) in which pregnancies were obtained after Y-chromo-
ome–specific amplification of single biopsied cells from
-day old embryos. Most of the work that has followed
mphasizes new technologic breakthroughs in the detection
f mutated genes and chromosomal anomalies. Only a few
tudies have underscored the importance of the biopsy pro-
edure and general conditions during and after micromanip-
lation (27–29).

Much of the current understanding is based on an experiment
hat was conducted by Hardy et al. (27), which showed that
ells that were removed initially by biopsy demonstrated no
dverse effects on preimplantation development to the blasto-
yst stage other than a proportional loss of biomass. The em-
ryos on which this experiment was performed were good in
uality and cell number and were not necessarily representative
f the diversity that was represented by embryos that were seen
rom infertile and fertile patients. Their fundamental experiment
hows that the preimplantation phase of development is af-
ected by blastomere biopsy, even though the authors’ imme-
iate interpretation suggested otherwise.

Later studies revealed that the biopsy of one-fourth of an
mbryo may reduce the ratio of inner cell mass to trophec-
oderm cells (28, 29). This would likely diminish viability
eyond just a proportional decrease in biomass. However,
he interpretation of these experiments is not consistent, and
iomass reduction is discussed often in the context of a
uperfluous cell number and totipotency. Controlled experi-
ents that compared the effects of biopsy on all stages of

evelopment, not just the fastest embryos, have not been
onducted with ongoing pregnancy as an end point. The
ssumption that biopsy has little effect on the embryo simply
emains unproven.

We postulate that embryo biopsy affects the embryo’s
evelopment before transfer and may have lasting effects
fter replacement. This is based on the assumption that cell
oss from biopsy can be compared with cell loss after thaw
f frozen cleaved embryos. After cryopreservation, individ-
al cells frequently are lost, although remaining cells have
he potential to develop into a viable blastocyst depending on
he quality of the embryo and the proportion of cells dam-
ged at thaw. The implantation potential of thawed embryos
hat are fully intact and have no degenerate cells may resem-
le that of embryos that are transferred without cryopreser-

ation (30, 31). With this analogy, implantation potential
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ecomes a function of cell loss, the quality of the original
mbryo, and the number of cells that are present at biopsy.

An additional factor that should be considered is 1 that
orms the basis of a common inaccuracy in human embry-
logy. The days and steps of cleavage in equal increments of
ell number that are often presented as fact (4 cells on day 2
nd 8 cells on day 3) are actually an abstract simplification.
nalyses of our EggCyte database have shown that the

verage cell number on day 3 is not 8, but 6.7 cells (unpub-
ished data). This number is based on individual analyses of

75,000 embryos. The proportional effect of cell loss on
mplantation potential is therefore higher than might other-
ise be expected.

Based on the work by Edgar et al. (30) and continuing
ith the cryopreservation analogy, the removal of a single

ell from an 8-cell embryo is expected to reduce implanta-
ion potential by 12.5%. If the expected implantation poten-
ial in a hypothetic 8-cell embryo (for the purpose of this
iscussion) is set at 20%, a single cell biopsy is predicted to
ower its implantation probability to 17.5%. Consequently,
or preimplantation diagnosis to succeed in increasing im-
lantation rates, it must more than compensate for this initial
etback.

The challenge for PGD of infertility becomes consider-
bly more difficult to overcome when 2 cells are removed.
ollowing the model of Edgar et al. (30, 31), a loss of 2 cells
rom the same hypothetic embryo described earlier would
educe its implantation potential by 25%, giving it a 15%
hance of implanting versus its initial probability of 20%. In
his case, improved embryo selection that is achieved with
GD must bridge a larger deficit if it is to provide any
dvantage in terms of embryo implantation. Because the
verage cell number at the time of biopsy is only 6.7, rather
han 8, the decline in implantation potential is expected to be
ven more pronounced. Given a theoretic implantation po-
ential of 20% without biopsy, the implantation potential
fter a single- or 2-cell cell biopsy would diminish to 17.0%
nd 14.0%, respectively. It is clear from this analysis that a

TABLE 2
Outcome of cleaved embryo thaw proceduresa a

Cells survived after
thaw (%)

Procedures with
unique transfers

(n)

�50 9
51–75 32
76–99 32
100 103
a Only thaws and transfers with uniform embryo cohorts a

Cohen. Embryo biopsy and aneuploidy testing. Fertil Steril 2007.
-cell biopsy significantly impedes embryo development and w

498 Cohen et al. Embryo biopsy and aneuploidy testing
s inadvisable in cases in which PGD is being used for the
urposes of increasing IVF success rates.

In our work with cleaved embryos that were frozen on day
, the model of Edgar et al. (30, 31) is confirmed, that is that
he success rate of fully intact embryos after thaw is high
Table 2), whereas partially intact embryos may implant, but
t an increasingly lower rate. Thirty percent of fully intact
mbryos formed a fetal heart beat after implantation. We
nalyzed only procedures in which thawed and replaced
mbryos had comparable cell loss. The analyses were carried
ut after internal review board approval by Saint Barnabas
edical center Institutional Review Board protocol 06–48.

mbryo cohorts with mixed cell loss were excluded from
his evaluation. Cell loss was expressed as a survived cell
ercentage.

Embryos between the 5- and 10-cell stage in which 1 cell
as degenerated survived at a rate of �75%, and the rate of

etal heart beat was 27.6%. The second group of cell loss,
hose embryos whose blastomeres survived at a rate between
1% and 75%, included 5- to 10-cell thawed embryos with 2
ost blastomeres. However, some of those also represented 7-
o 10-cell embryos in which 3 blastomeres were lost. The
mplantation rate (13.7%) of this second group of embryos
id not diminish proportionally compared with those who
nly lost 1 blastomere, but loss was considerably more
evere. This either indicates that, in our work, cell loss after
reezing is not a proportional phenomenon like that seen in
he model of Edgar et al. (30, 31), but that the loss of 2
lastomeres is relatively more severe than the loss of 1. On
he other hand, this may mean that this group has been biased
y fast embryos that lost 3 blastomeres and also had survival
ates of �50%.

If a PGD study fails to detect any difference in implanta-
ion rate when comparing routine IVF cycles with cycles that
se 2-cell biopsy and PGD, this does not mean that chromo-
ome screening has had no effect. On the contrary, what such
study actually shows is that PGD has succeeded in com-

ensating for the significant reduction in implantation that

rding to the proportion of cells survived.

Implantation rate (%)
Pregnancy rate:
fetal heart beat

(%)Sac
Fetal heart

beat

7.7 7.7 11.11
15.3 13.7 18.75
27.6 27.6 37.50
33.6 30.0 49.51
cluded.
cco

re in
as caused by 2-cell biopsy. This is a vital distinction that

Vol. 87, No. 3, March 2007
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as not been acknowledged by the authors of the Brussels
tudy (22) and has led to serious misinterpretations in sub-
equent reviews by others (24, 25).

HE PREIMPLANTATION GENETIC DIAGNOSIS TRIAL
esign and Implications
hen planning PGD for infertility, the number of cells to be

iopsied must be considered carefully. The decision to re-
ove 1 or 2 cells should be based not only on reducing error

ates and increasing the efficiency of the assay but also on
he premise that embryo viability is diminished at least
roportionally with each cell that is removed. It should be
emembered that most patients who request PGD do so to
mprove their probability of a successful IVF cycle; their
rimary concern usually is not the avoidance of aneuploid
yndromes such as Downs (although this is perceived as an
dded benefit of the procedure). Unlike patients who seek
GD for a single gene disorder, many PGD for infertility
atients are not opposed to the termination of an abnormal
regnancy and do not consider preimplantation diagnosis as
replacement for prenatal diagnosis.

During the design of PGD studies, it is also of vital
mportance to choose the correct chromosome probe set for
nalysis, the most effective method of fixation, the best
ode of visualization, the day of embryo transfer, and ap-

ropriate culture media.

We consider PGD for infertility to be a new system that
he embryologist can use to be more specific about which
mbryo to choose for transfer. It is not the first and will not
e the last method for the assessment of embryos. It is a
omponent of the embryo selection system and not a substi-
ute for prenatal diagnosis (the word genetic can be redun-
ant or confusing in this context). There is no single, uni-
ersally practiced protocol for PGD for infertility screening.
t is an art much like IVF.

omparative Investigations
here have been 3 basic types of comparative trial investi-
ations regarding PGD:

. trials that used prospective datasets that compared pa-
tients who allowed PGD with patients who declined it
(18–20),

. trials that used prospective data in a randomized fashion
(22) and

. trials that used retrospective analyses (all other studies).

Here, we only consider the first 2 types of investigations.

The existing literature regarding PGD for infertility draws
starkly different conclusions: 1 group of investigators

upports the hypothesis that PGD improves implantation and
educes miscarriage rates (18–20); the second group is not
ble to demonstrate any significant differences between con-
rol and PGD patients (22). What are the essential differ-

nces between these sets of observations, and are they able to r

ertility and Sterility�
xplain the diametrically opposed conclusions? The 4 main
ifferences are the form of randomization, the number and
ype of chromosome probes applied, the type of cell fixation
sed, and the number of cells biopsied (Table 3).

Those studies that did not demonstrate a significant im-
rovement in implantation rates or a reduction in miscarriage
ates were relatively modest in size and were considered to
e randomized. No study was randomized blindly prospec-
ively because the embryologists were always aware of
hich patients had embryos that had been biopsied. These

tudies always used a restrictive probe set that was limited to
nly 6 chromosome pairs (X, Y, 13, 16, 18, 21, 22) and a
ype of fixation that produces the most errors of the 3 types
hat were used (33). The 2-cell biopsy technique was used
or determining the best developing embryos (22, 23), but
he studies failed to demonstrate a significant improvement
n implantation or a reduction of the proportion of patients
ho miscarried.

Interestingly, in both studies, positive albeit nonsignificant
rends were noted by the authors because of the small sample
izes. Indeed, there was a 5.6% increase in implantation rate
nd a 6.1% increase in ongoing implantation, when compar-
ng PGD and control patients (22). Although this indicates an
mprovement of nearly 50%, the studies failed to reach
tatistical significance.

Other studies that demonstrated FISH was acceptably effi-
ient at detecting aneuploidy and improving implantation rates
r decreasing miscarriages were not randomized blindly pro-
pectively. However, at least 2 studies used a prospective
linded allocation protocol that searched for a given control
atient to a comparable PGD patient before the first pregnancy
est (18, 20). The control patients were matched to each PGD
atient according to age, number of oocytes retrieved, follicular
esponse, attempt number, and batch of culture media. Al-
hough these and other studies of PGD for infertility may not
ave been ideal, we wonder why authors who review the
iterature regarding questions of PGD for infertility efficacy
25) neglect to include any reference to data from the largest
ublished series in their review (18–20).

It has been known for a number of years that implantation
ates do not show a marked improvement if the number of
hromosomes that are assessed is too few (18), so it is not
urprising that studies that have used a restricted set of
hromosomes have failed to see improved implantation rates
22). However, published data clearly shows that, if the
hromosomes screened are chosen carefully, the incidence of
iscarriage can be diminished and the take-home baby rates

an be increased, even when as few as 5 chromosomes are
ssessed and single cells are biopsied (18, 21).

Two published studies have used a single-cell biopsy
echnique and 9-chromosome probes. These studies demon-
trated the efficiency of FISH for the detection of aneuploidy
nd resulted in improved implantation rates (19, 20). Their
ample sizes were not appropriate to determine pregnancy

ate improvement.
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What is the quantitative difference if one uses 6 instead
f 9 chromosome probes for FISH? This can be deter-
ined from data presented in 3 recent studies that used

omparative genomic hybridization to analyze donated
ggs and their polar bodies simultaneously (12, 34, 35). It
ppears that the standard 5-probe FISH panel X, Y, 13,
8, and 21 would detect only 37% of abnormalities (Table
). Adding probes for 16 and 22, a 6 chromosome (7

TABLE 3
Summary of studies comparing PGD and control

Variable

Munne
et al.,

1999 (18)

Gianaroli
et al.,

1999 (19)

Cells biopsied
(n)

1 1

Chromosomes
analyzed (n)

4–8a 8

Type of study Comp Comp
Cycles (n)

Control 117 127
PGD 117 135

Average
embryos
replaced (n)

Control N/A 3.0c

PGD N/A 1.8c

Implantation rate
(%)

Control 13.7 12.4c

PGD 17.6 24.2c

Pregnancy loss
rate (%)

Control 33.8d 20.6
PGD 15.0d 5.4

Ongoing
implantation
rate (%)e

Control 10.6d 10.2c

PGD 15.9d 22.5c

Pregnancy rate
(%)

Control 29.9 25.1
PGD 35.9 29.1

Note: Comp � Prospective nonrandomized comparative
a Thirty-six cycles with 4 probes, 50 cycles with 5 probes
b Pregnant cycles.
c P�.001.
d P�.05.
e Fetus ongoing �12 weeks/embryos replaced.
f P�.06.

Cohen. Embryo biopsy and aneuploidy testing. Fertil Steril 2007.
robe) panel would detect 48% of all abnormalities, the e

500 Cohen et al. Embryo biopsy and aneuploidy testing
-probe panel (X, Y, 13, 15, 16, 18, 21, and 22) would
etect 57%, and adding 3 more probes (8, 14, and 20) for
total of 12 would detect 67% of chromosome abnormal-

ties. The difference in detection between 6 and 9 probes
s therefore at least 10%.

Another important difference between these studies and
hose studies that have failed to see an improvement in

isted reproductive technology outcome.

Study

nne
al.,

3 (20)

Werlin
et al.,

2003 (32)

Staessen
et al.,

2005 (22)

Munné
et al.,

2006 (21)

1 1 2 1

8 8 6 8

mp Rand Rand Comp

8 28 141 8706b

8 29 148 562b

3.7c N/A 2.8c N/A
2.0c N/A 2.0c N/A

0.6d N/A 11.5 N/A
7.6d N/A 17.1 N/A

/A N/A 25.6 21.5c

/A N/A 25.0 16.7c

/A N/A 10.4f N/A
/A N/A 16.5f N/A

/A 20.7 27.7 N/A
/A 43.0 19.6 N/A

y; Rand � prospective randomized study.
31 cycles with 8 probes.
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, and
mbryo implantation rates is the choice of blastomere fixa-
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Fertili
ion technique. Successful PGD studies have used fixation
ethods that produce higher nuclear diameters than those
ithout an improvement in outcome (22). Larger diameters
f fixed nuclei reduce the likelihood that signals will fully or
artially overlap, thus decreasing the incidence of false
onosomy and FISH inaccuracy (33). Three methods of
xation were compared in the study by Velilla et al. (33).
he first method was the modified acetic acid method (36);

he second method was the Tween 20 HCl (37), and the third
ethod was a combined technique (38). The error rates in

hese 3 methods were 13.5%, 57.7%, and 39.1% (P�.001)
espectively. Technologic quandaries with the potential to
ncrease PGD inaccuracy, such as those in the Brussels
tudy, may compromise the IVF outcome (22).

Essentially, the differences in results between the studies
re explained only by the technology used and not by dif-
erences in design and patient allocation. Both reviews of the
iterature fail to evaluate the differences of the technology
sed by the PGD groups (24, 25). The 2-cell removal tech-
ique must have reduced the implantation potential by 20%–
0% (22, 23). Yet these authors detected no significant
ifferences between the implantation rates of control em-
ryos and embryos that had 2-cell biopsy and FISH. This
ndicates that embryo selection based on PGD can make up
or the initially large loss of developmental potential. We
ostulate that the study by Staessen et al. (22) would have
een successful in demonstrating increased implantation if
nly a single cell had been removed from each embryo, and
e hope these authors will undertake such an investigation

n the future.

Given that the comparisons between these studies demon-
trate that 2-cell biopsy is likely to be detrimental, this
pproach should be reserved for cases in which diagnostic
ccuracy is considered paramount, more important than em-
ryo implantation (e.g., the most difficult cases of single-
ene assessment in which an affected embryo is more likely
o implant and the couple is presumably fertile).

rrors of Fluorescent In Situ Hybridization and Mosaicism
reimplantation genetic diagnosis as a treatment modality
or IVF patients has also been criticized on the notion that
etermining the chromosome complement is unpredictable
ecause of high levels of mosaicism in the early human
mbryo. Preimplantation genetic diagnosis emphasizes this
imitation because only 1 or, at most, a few cells are con-
idered for each embryo, and mosaicism may go undetected
s a result. Whereas such reservations are sometimes valid,
hey are not always based on biologic phenomena, and
echnology may play a role in artificially amplifying the true
ates of mosaicism.

Disparate readings between cells of the same embryo are
ot necessarily true reflections of mosaicism but often are
he results of technologic deficiencies. For example, it is
known that certain types of fixation will increase signal

T
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verlaps and error rates (33). A good example of this is the
ecent study by Li et al. (39) in which the rates of discor-
ance were explained by mosaicism rather than by subopti-
al technology. The true rate of mosaicism can be validated

nly by controlled studies that examine each and every
ucleated cell of embryos that are donated to research (4, 8,
2, 35).

The error rate (defined as the incorrect diagnosis of a
ormal embryo as abnormal) is �6% for the approximate
0% of embryos that display mosaicism. The reason for this
s that most cells in such mosaic embryos are found to be
bnormal, although they may contain different abnormal cell
ines. Error rates have been determined by reanalyzing every
ell from embryos that were considered abnormal; presum-
bly normal ones were either frozen or transferred (40). It is
ikely that this introduces a bias in the determination of error
ates. The proportion of embryos that is allocated to reanal-
sis is likely to vary from program to program, based on
ifferences in selection and allocation criteria. This may also
xplain partially the differences in reanalysis error rates.
osaicism has an indirect technologic and biologic basis as
ell. Some patients seem to have embryos that are prone to
osaicism, whereas others do not. Changing intrafollicular

nd laboratory conditions may alter the rate of mosaicism
17). The error rate including all “no result” events, false-
egative results, and positive results is 4.7% after reanalysis
y additional probes of inconclusive cells with the use of a
hird panel (Colls, Munné, and Cohen, unpublished data). It
s essential that these findings are considered when deter-
ining the rate of mosaicism and its associated error rate.

ONCLUSION
here is agreement that aneuploidy rates among human IVF
mbryos are very high and that the presence of chromosome
bnormalities usually is associated with a reduced probabil-
ty of a successful pregnancy. This has led to the hypothesis
hat IVF success rates can be improved if cohorts of embryos
re screened for aneuploidy and if those embryos that are
ound to be chromosomally normal are transferred preferen-
ially. However, the mode of biopsy and technologic nature
f PGD for infertility often varies between studies, which
auses significant differences in the results. We suggest that
he studies that contradict the finding that aneuploidy screen-
ng improves implantation rates and lowers miscarriage rates
ll have �1 of the following aspects in common:

. an excess of cells having been removed,

. poor choice of probes, and

. poor fixation technology.

A fourth, as yet unproven, cause for this phenomenon may
e the use of suboptimal embryologic techniques that in-
rease mosaicism and reduce embryo viability. We suggest
hat, when reviewing the literature, users of PGD technology
ritically assess the IVF, biopsy, fixation, and assay method

hat was used to evaluate the patient groups.
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