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The concept of embryos containing multiple cell lines (mosaicism) is not new, but much attention has been paid to this concept recently
owing to recent advances in molecular techniques to analyze human embryos. Mosaicism in embryos has been known and reported for
some time, originally in early cleavage-stage embryos diagnosed with the use of fluorescence in situ hybridization (FISH). However, the
early data have come under attack owing to the limited ability of FISH to reliably detect the actual copy number count of chromosomes
as well as potential ascertainment bias of those early studies, which were all performed on already analyzed embryos found to be aneu-
ploid. More recent molecular techniques for analyzing embryos have allowed scientists to really begin to understand mosaic embryos,
and to now transfer and follow this class of embryo. Indeed, it could be said that three classes of embryos now exist after preimplan-
tation genetic screening: euploid, aneuploid, and mosaic aneuploid. This paper attempts to bring to light the latest data on mosaic em-
bryos and to understand how clinicians and others will deal with this issue today and in the future. Finally, an attempt is made to look to
other fields of genetics to understand how this important issue can be dealt with as a group much better than any one individual group
may be able to. (Fertil Steril� 2017;107:1113–9. �2017 by American Society for Reproductive Medicine.)
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BACKGROUND ON MOSAIC
EMBRYOS
Preimplantation chromosomal mosai-
cism is a phenomenon characterized
by the presence of a mixture of chro-
mosomally different cell lines in an em-
bryo (1–3). Such a phenomenon is
relatively common in human preimpl-
antation embryos (4) and may occur
because of a variety of genetic
changes, including chromosomal abe-
rrations, single-nucleotide variations,
and small insertions/deletions. Chro-
mosomal mosaicism may refer to the
presence of two or more different
abnormal cell lines (e.g., aneuploid/
aneuploid), or a normal and an
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abnormal cell line (e.g., euploid/aneu-
ploid). In contrast to aneuploidy pre-
sent in all cells of an embryo, which
typically occurs via meiotic nondis-
junction and is associated with
increasing maternal age, mosaic aneu-
ploidy may occur via a variety of mech-
anisms, including anaphase lag, mitotic
nondisjunction, inadvertent chromo-
some demolition, and premature cell di-
vision before DNA duplication (3, 5–9).

The percentage of abnormal cells
within a euploid/aneuploid mosaic em-
bryo is influenced by the cleavage stage
in which the chromosomal segregation
error occurs. For example, errors occur-
ring at the time of the second cleavage
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may result in a greater proportion of
abnormal cells than errors occurring
during the third cleavage (1). In addition,
mosaicism may be confined to a certain
area of the developing embryo, this is
especially true for embryos at the blasto-
cyst stage, where cells in the trophecto-
derm (TE) may exhibit mosaicism and
the inner cell mass (ICM) is left unaf-
fected. In addition, cells in one section
of the TE may be affected by mosaicism
while the rest of the cells in the devel-
oping blastocyst are left untouched.

The impact of mosaicism on implan-
tation and the developmental potential
of embryos is not fully known, although
it has been shown that some euploid/
aneuploid mosaic embryos hold the po-
tential to implant, resulting in either
mosaic pregnancies (the majority of
whichwill miscarry) (10) or in chromoso-
mally normal pregnancies that can result
in the birth of healthy babies (11). Other
embryos diagnosed as mosaic during
preimplantation genetic screening (PGS)
may not implant or may be lost during
the implantation or early pregnancy
development stages (11).
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VIEWS AND REVIEWS
Several mechanisms have been proposed to explain the
situation where embryos diagnosed as mosaic at PGS may
‘‘correct’’ the detected aneuploidy. These include preferential
growth of the euploid cells or preferential allocation of the
normal cells to the ICM (12–14). Trisomic cell populations
may self-correct by losing the extra chromosome via
anaphase lag or nondisjunction (15); however, this explana-
tion is less likely, given the low rate of detection of uniparen-
tal disomy among blastocysts (16). Experimental and clinical
studies (4, 17) suggest that aneuploid cells have a growth
disadvantage or are eliminated by processes such as
apoptosis, leading to a decline in their numbers as
development progresses, ultimately resulting in a normal
fetus.

A recently published mouse study shed additional light
onto the embryo's ability to self-correct an inherent mosaic
state of mixed euploid and aneuploid cells (18). In that study,
Bolton et al. demonstrated that the fate of aneuploid cells in
early embryos depends on lineage: Aneuploid cells in the fetal
lineage (i.e., ICM) are eliminated by apoptosis, whereas those
in the placental lineage (i.e., TE) demonstrate severe prolifer-
ative defects.

Uniformly abnormal embryos are able to implant and
elicit a maternal decidual reaction, but undergo early post-
implantation resorption. In contrast, mosaic embryos that
contain >30% of normal euploid cells have greater develop-
mental potential (18). Based on this model, embryos with a
low proportion of aneuploid cells would have greater devel-
opment potential compared with those with a higher rate of
mosaicism. The developmental potential of such embryos
might also be related to the specific chromosome involved
in mosaicism. However, in the paper by Bolton et al., the
mosaicism model was generated with a drug introducing
massive chromosome abnormalities for multiple chromosome
(chaotic configuration), and it remains to be determined if
mosaicism for one or a few chromosomes may result in
similar effects on cell survival.

Most of our knowledge on mosaic embryos is derived
from studies performed at the blastocyst stage. Early data
on mosaicism at the cleavage stage is probably tainted with
ascertainment bias of re-biopsying embyros already diag-
nosed as aneuploid. Data comparing mosaicism between the
TE and ICM are very limited. A small study by Fragouli
et al. (13) showed 100% concordance between TE and ICM.
Another study, based on single-nucleotide polymorphism
(SNP) array with 51 embryos, showed 96.1% concordance be-
tween TE and ICM (19). Finally, a study by Capalbo et al. (20)
showed an overall rate of mosacism of 15.7%; however, only
2.9% of the embryos represented diploid/aneuploid error.

At this time, no valid method exists to analyze the ICM
from a blastocyst. Current methods biopsy the trophectoderm
and use this diagnosis as a surrogate for the ploidy status of
the entire embryo, including the ICM. The main purpose of
comprehensive chromosome screening (CCS) is to identify
aneuploidy in human blastocysts and accurately predict the
chromosome complement of the ICM.

Ideally, to investigate the concordance rate between the
ICM and TE, we would disaggregate the whole embryo into
single cells and classify and analyze them based on where
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they were located, i.e., ICM versus TE. However, the challenge
with this approach is the lack of a robust method to isolate
single cells from a blastocyst-stage embryo.

A particular class of abnormalities that can be diagnosed
during PGS are segmental aneuploidies, which affect a small
part of a chromosome and can be found as either a gain
(duplication) or a loss (deletion) of DNA material. A key point
here is our understanding of themechanisms involved in DNA
replication. Just before a cell begins mitosis, DNA replication,
or the S phase, begins. This process takes �11–16 hours from
beginning to end. The S phase of DNA replication does not
begin and end at a specific time or place in the genome; it be-
gins and ends at different starting and ending points all over
the genome. Therefore, any cell analyzed during S phase may
be found to have many gains and losses of chromosome ma-
terial that are not going to affect the embryo and are not
necessarily indicative of a mosaic embryo. When analyzing
a biopsy for PGS, the cellular stage of the cell may possibly
play a role in the embryo diagnosis. In a recent paper by Ra-
mos et al. (21), they showed that a majority (73.3%) of
segmental imbalances were due to chromosome instability
during cell division.

In addition to cell-stage differences and other issues
noted above, inaccurate predictions of mosaicism may origi-
nate from the methodology used to assess the embryo,
different methods of whole-genome amplification, different
versions of the analysis software, and different protocols
and thresholds for mosaic embryo calls. For example,
most of the SNP array–based platforms use multiple-
displacement amplification (22, 23), whereas Sureplex
amplification (Rubicon) has been used with array
comparative genomic hybridization (aCGH) (24, 25) and
next-generation sequencing (NGS) (26–29). It is almost
impossible to distinguish between amplification artefacts
and real biologic events owing to the low level of actual
mosaicism, particularly on segmental imbalances that may
significantly effect the overall IVF outcome. Recent data by
Fiorentino et al. (30) showed that after transferring 18
mosaic (range of 35%–50%) embryos, six of them resulted
in normal live births. A paper by Maxwell et al. (31)
reported that 38 patients who had frozen euploid embryo
transfers after aCGH were mosaic (31.6%) according to NGS.

All current methods for analysis of preimplantation em-
bryos use some software to help analyze the hundreds to mil-
lions of data points generated during PGS. Most, if not all, of
the current software packages are designed to determine if a
sample is aneuploid or euploid. However, depending on the
technology, there are as many as a million data points to
interpret per sample, which will always lead to some ‘‘gray
area’’ for the software, which is most likely where mosaicism
lives. Therefore, analyzing and interpreting a profile from any
embryo requires extensive training and comprehensive
embryology and genetic knowledge.

Based on our internal data, �95% of the PGS profiles are
called correctly with very high confidence by the software
provided by the manufacturer. Although these software pack-
ages help us to determine andmake correct calls, there are still
�5% gray-area/challenging calls owing to embryo mosai-
cism or noisy data that will be subjective to an analyst.
VOL. 107 NO. 5 / MAY 2017
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In our experience, >50% mosaic embryos are easy to detect
with the use of multiple PGS platforms, including aCGH
and NGS. It is critical for each laboratory to perform a thor-
ough analysis of mosaic embryos with the use of DNA mix-
tures, cell mixtures, and actual embryo samples before
offering to add mosaicism calling to its clinical output. A
hard and fast set of rules should be created and followed in
each laboratory, and each technologist should be trained
and proficiency tested to these standards. Ideally, a bespoke
set of criteria and analysis tools can be created to offer a bio-
informatic analysis of the results to aid in calling mosaic em-
bryos and to eliminate, or at least reduce, the inherent
subjectivity of mosaic embryo analysis.

In conclusion, regardless of which platform is used, all
current CCS platforms can only detect mosaicism in the bio-
psied material. Mosaicism calling ultimately depends on noise
level in DNA amplification and/or internal company policy
on low-level mosaicism versus artefact calls; therefore,
many mosaicism calls could be overestimated. Detection of
mosaicism in TE only increases the chance of the embryo be-
ing mosaic. Owing to these variables, mosaicism calls may or
may not represent the ICM and/or the embryo as a whole. As a
result, a mosaic embryo may not implant, maymiscarry spon-
taneously, may develop abnormally, may result in the birth of
a child with mild to severe birth defects and mental retarda-
tion, or may result in the birth of a healthy child, which would
be the only best outcome.
CURRENT KNOWLEDGE ON MOSAIC
EMBRYOS
The rate of mosaicism within preimplantation embryos varies
based on the stage of the embryo and the chromosomal detec-
tion technique used. Initial studies, in the context of biopsy of
single blastomeres from cleavage-stage embryos, were per-
formed with the use of fluorescence in situ hybridization
(FISH). FISH screens for a minority of chromosomes, those
most commonly observed in pregnancy loss and aneuploid
TABLE 1

Rates of diploid/aneuploidy mosaic embryos.

Study

Cleavage stage

FISH aCGH SNP

Harper et al., 1995 (32) 15a

Wells and Delhanty, 2000 (12) 70a

Johnson et al., 2010 (19)
Johnson et al., 2010 (22) 57.7a

Fragouli et al., 2011 (4)
Northrop et al., 2010 (34)
Capalbo et al., 2013 (20)
Treff et al., 2010 (33) 100a 31a

Mertzanidou et al., 2013 (35) 70a

Ruttanajit et al., 2016 (36)
Greco et al., 2015 (11)
Novik et al., 2014 (38)
Note:Data presented as percent. aCGH¼ array comparative genomic hybridization; FISH¼ fluorescence
a Whole embryo.
b Single biopsy.

Harton. Mosaic embryos diagnosed during preimplantation. Fertil Steril 2017.
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deliveries, that are not necessarily the most relevant for early
embryos. Aneuploidy detection by means of FISH is limited
by several technical artefacts. In addition, those studies
analyzed spare or arrested embryos that were deemed to be
unsuitable for transfer. Later, CCS methodologies, including
quantitative polymerase chain reaction (qPCR), SNP arrays,
aCGH and, most recently, NGS, were introduced to overcome
FISH limitations. These advanced PGS methodologies accu-
rately assess the copy number of all 24 chromosomes from
a single or multiple cell biopsy. All methodologies estimated
that the levels of mosaicism in cleavage-stage embryos range
from 15% to 75% (12, 32–35) (Table 1).

Given the considerable findings of mosaicism in
cleavage-stage embryos, the focus in the PGS field has now
shifted from day 3 single-blastomere biopsy to day 5/6 TE
sampling and the use of CCS technologies to provide a more
accurate assessment of the reproductive potential of embryos.

Biopsy at this stage has the advantage of allowing more
cells to be sampled (�5–10 cells), making comprehensive
aneuploidy screening more robust. Therefore, it is likely that
the TE samples biopsied from a mosaic blastocyst include
more than one cell line, allowing for the detection of mosai-
cism in a single biopsy. With the use of these technologies, it
has been demonstrated that 3%–24% of human blastocysts
present mosaicism (11, 13, 19, 20, 36) (Table 1).

The rate of mosaicism may vary based on a number of
factors, including the sensitivity of PGS techniques used or
patient cohorts (e.g., the proportion of embryos that are
euploid/aneuploid mosaics decreases with increasing
maternal age), and depends on the percentage of aneuploid
cells within the TE biopsy specimen.

The sensitivity to detect mosaicism within diploid/aneu-
ploid embryos is related to the limit of detection (the smallest
number of aneuploidy cells detectable in a mix of euploid and
aneuploidy cells) of each PGS methodology and software/
analyzer, as noted previously.

Array comparative genomic hybridization has been
extensively validated for aneuploidy/mosaicism detection.
Blastocyst stage

NGS FISH aCGH SNP NGS

4a

17a 14b

16a

3a 3a

8.5b

4.8b

17a 15b

in situ hybridization; NGS¼ next-generation sequencing; SNP¼ single-nucleotide polymorphism.
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FIGURE 1

Suggested new method for embryo scoring. The different level of
mosaicism should be reported and used to avoid discarding of
potentially viable embryos and prioritize transfer of euploid vs.
mosaic embryos.
Harton. Mosaic embryos diagnosed during preimplantation. Fertil Steril 2017.T
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VIEWS AND REVIEWS
Initial study, with the use of known mixtures of euploid and
aneuploid (trisomic) cells (38), demonstrated that aCGH iden-
tified mosaicism when R35% of cells in the specimen carry
the aneuploidy (defined as log2 ratio >0.3). These results
were also confirmed by reconstruction experiments in which
mosaicism was detected as low as 25%–37.5% (log2 ratio
þ0.135) for gains and 37%–50% (average log2 ratio
�0.153) for losses (37). A study performed by Capalbo et al.
(20) demonstrated that aCGH failed to detect diploid-
aneuploid mosaicism when <25% of cells in the TE biopsy
specimens were abnormal and detected all diploid-
aneuploid mosaics composed of >40% aneuploid cells as
fully aneuploid calls. More recently, Greco et al. (11) demon-
strated that aCGH was capable of mosaicism detection at 20%
level (Table 2). The reliability of detecting this level of aneu-
ploidy was also evaluated, because the rate of false positive
prediction was zero.

It is important to note that mosaicism is not automatically
called using the currently available bioinformatics tools used
for data analysis of aCGH results. The software assigns an
automatic call for samples with a percentage of aneuploidy
cells >50% (i.e., when the log2 ratio reaches a median of 3
� SD and/or an average of þ0.3), whereas samples with
<50% aneuploidy cells are classified as euploid (no call).
This limitation could be overcome by assessing samples
with established ratios of euploid/aneuploidy cells and as-
signing a manual call for each level of mosaicism.

Other PGS methodologies, such as SNP microarray, also
have been validated for mosaicism detection. Scott et al.
(39) mixed DNA samples extracted from cytogenetically
normal and abnormal sources, without whole-genome ampli-
fication, to determine the limits of mosaicism detection with
the use of a 44K oligonucleotide array. Mosaicism as low as
10% for both gains and losses of whole chromosomes was
detectable when data from dye-reversed replicates were com-
bined, but this detection limit rose to 20%–30% mosaicism in
the absence of dye-reversed replicates.

Recent advances in NGS technologies have stimulated an
increasing interest in its application in the field of reproductive
medicine, in particular for PGS as an adjunct to in vitro fertil-
ization (IVF), because of the potential improvements that the
technique may offer for detection of chromosomal aneuploidy
VOL. 107 NO. 5 / MAY 2017
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in preimplantation embryos compared with current compre-
hensive aneuploidy screening methodologies (26, 40–43).

Owing to its increased dynamic range compared with
aCGH, NGS demonstrated a greater ability to detect mosai-
cism inmulticellular samples (28). This was also demonstrated
by a validation study comparing NGS and aCGH, in which
mosaic embryos were not detectable by aCGH, with 80%
(16/20) classified as euploid and 20% (4/20) classified as
aneuploid (31). A randomized blinded study comparing NGS
and qPCR for the detection of mosaicism in mixture models
showed that NGS was able to detect mosaicism when as few
as 17% of the cells were aneuploid but with reduced reliability
overall compared with 50% aneuploidy, where detection suc-
cess reached 100% (44).

The detection of low-grade mosaicism within an embryo
may be subject to some degree of sampling error. In this
regard, it is important to mention that technical errors also can
occur (e.g., a false positive result) during mosaicism detection
and are probably determined by erroneous data interpretation.

NGS-based methods for copy number analysis is likely to
be the most accurate and informative, because they use
sequence data from thousands of loci across each chromo-
some. Because NGS has an increased dynamic range
compared with aCGH, mosaicism is more clearly visible in
NGS-based PGS and error rate is reduced with the use of
this methodology.

Ideally, all methodologies intended to detect the presence
of mosaicism with the use of a single cell or small numbers of
cells should first be validated on a large dataset of single cells
and mosaic reconstructed samples (positive control samples).
CLINICAL COUNSELING
The possibility to detect chromosomal mosaicism occurrences
in embryos has given rise to new challenges in PGS results
interpretation and patient counseling. Since the introduction
of PGS, embryos were characterized as either euploid or aneu-
ploid, and in most cases, only euploid embryos were consid-
ered for transfer; mosaic embryos were not transferred,
because they were deemed to be abnormal. Accumulating
data obtained by means of advanced genomic technologies
for preimplantation genetic diagnosis suggest that mosaicism
should be reported and used to help decide which embryo(s)
should be prioritized for transfer. Recent studies demonstrate
that the majority of mosaic embryos do not implant or result
in early abortion, and a proportion of mosaic embryos
implant and result in healthy babies (11). In light of these re-
sults, mosaic embryos can be considered to represent a
distinct category in terms of viability, lying in between
euploid and fully abnormal embryos. This category of mosaic
embryos may be characterized by decreased implantation and
pregnancy potential as well as increased risk of genetic ab-
normalities and adverse pregnancy outcomes (Fig. 1). Howev-
er, additional clinical data from prospective nonselection
studies are still required to evaluate the clinical predictive
value of mosaicism diagnosis on the reproductive potential
of preimplantation embryos.

For couples who have some chromosomally normal
(euploid) embryos available for transfer, the choice is simple:
VOL. 107 NO. 5 / MAY 2017
They will certainly consider the euploid embryo(s) for transfer.
Patients with only chromosomally abnormal embryos avail-
able would not, most likely, consider the option of transferring
those embryos. However, patientswho do not have euploid em-
bryos available for transfer and are unable or unwilling to
attempt another cycle may consider the transfer of a mosaic
embryo. These patients must receive thorough genetic coun-
seling about potential pregnancy risks and outcomes; they
should be made aware that these embryos may be associated
with a higher miscarriage rate, fetal anomalies, or termination
of pregnancy and that an invasive prenatal diagnosis is
strongly recommended. Pre-test counseling should include a
discussion about the frequency of mosaic results, the chal-
lenges associated with interpretation of the results, the possi-
bility of a false positive diagnosis of embryonic mosaicism,
and the limited predictive data available. Genetic counseling
should also inform the patient that mosaicism found in a TE bi-
opsy may go on to produce a euploid placenta or a pregnancy
with confined placental mosaicism (CPM). CPM of certain
chromosomes (particularly 2, 7, 16, and possibly 22) may in-
crease the risk of intrauterine growth retardation and other
pregnancy complications, including fetal demise (45).

In general, embryos mosaic for trisomies that are associ-
ated with potential for uniparental disomy (e.g., for chromo-
somes 14 and 15) should have lower priority for transfer. In
addition, caution should be used when considering the trans-
fer of embryos mosaic for common aneuploidies, such as tri-
somy 21, 18, 13, monosomy X (those that can be live-born),
chromosome 16 (the most common cause of pregnancy loss
due to a chromosomal issue), and segmental aneuploidies.
These may be compatible with life, but they can have devas-
tating phenotypic repercussions. Overall mosaicism general-
ized to the fetus is rare, but when it occurs, the phenotypic
effects can not be predicted.

The follow-up data obtained after transfer of mosaic em-
bryos are still insufficient to define which mosaicisms are bet-
ter to transfer. Further data are required to establish the
percentage and the kind of mosaic aneuploidy that have
more chance to implant and result in a pregnancy. Recently
released guidelines recommend the preferential transfer of
embryos showing mosaic monosomies over mosaic trisomies
(Preimplantation Genetic Diagnosis International Society
statement 2016 [46]). Autosomal monosomies are generally
not viable, whereas certain trisomies can result in live births
with associated physical and cognitive impairments. The
same guidelines recommend considering and reporting the
level of mosaicism in embryos to perhaps aid in decision mak-
ing about the fate of the mosaic embryo, because the percent-
age of aneuploidy cells in a mosaic blastocyst might influence
the developmental potential of the embryo. This could help in
the decision making by patients.

In the event that a patient proceeds with transfer of an
embryo diagnosed as mosaic, counseling about the benefits,
risks, and limitations of prenatal screening and diagnosis
should be provided. Although chorionic villus sampling offers
the earliest prenatal diagnosis of aneuploidy, the cells
obtained are placental in origin, whereas those obtained by
means of amniocentesis are more representative of fetal tis-
sues. However, amniocytes are derived only from the
1117
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embryonic ectoderm and amnion, so even a normal amnio-
centesis does not exclude low-level mosaicism or aneuploid
cells in other tissue types.

CURRENT DATA
The clinical application of advanced PGS methodologies is
now beginning to yield important information on viability
for transfer of mosaic embryos. In addition, the potential of
emerging NGS methodologies to reduce misclassification of
embryos with normal and aneuploid cell lines in their corre-
sponding biopsy sample adds a new dimension to PGS,
further improving the capacity to differentiate individual em-
bryos in terms of their likelihood of yielding a viable
pregnancy.

The adoption of a classification system that foresees the
insertion of the class of mosaic embryos (Fig. 1) may ulti-
mately lead to improvements in IVF outcome after PGS.
Recent studies provide evidence that NGS methods have a
substantially increased sensitivity for chromosomal mosai-
cism compared with aCGH, enabling the detection of poten-
tially viable mosaic embryos otherwise scored as aneuploid
by aCGH (27, 31). The limited clinical data available to date
indicate that �30% of transferred mosaic embryos result in
the birth of a healthy baby (11).

It is still unknown howmuch the degree of mosaicism and
the type of aneuploidy involved (i.e., the chromosome and
whether it is a trisomy or monosomy) may affect the develop-
mental potential of mosaic embryos. Recent data (30, 47)
suggest that embryos with a low percentage of aneuploid
cells and with a single or double monosomy may have a
better chance of implanting. Recent data obtained in mouse
models of chromosome mosaicism demonstrated that all
embryos with 50% mosaicism developed into normal
embryos, whereas only 44% of those with 70% mosaicism
successfully implanted. Based on this model, high
proportions of aneuploid cells could be progressively
depleted from the blastocyst stage onward, leading to the
development of normal embryos (18). These findings
highlight the importance of detecting mosaic embryos,
including those with a high proportion of aneuploid cells.
Owing to the limited data available to date, no definitive
correlation between the level of mosaicism and development
potential can be made, but a correct scoring of mosaicism
might help genetic counselors.

WHAT'S NEXT?
Looking to the future, the hope is that technologic advances
will accurately identify mosaic embryos (Fig. 1). This will
definitively reduce discarding of potentially viable embryos,
an important achievement especially for patients with poor
ovarian reserve, those producing a limited number of
embryos, or those in which only chromosomally abnormal
embryos have been detected, which represent the majority
of IVF patients. The potential of NGS to accurately classify
mosaic embryos may represent an additional tool in
PGS/IVF treatment, with the potential to reduce the risk of
discarding mosaic embryos that have the potential to result
in viable pregnancies and improve IVF success rates.
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To understand real mosaicism in an embryo, more stan-
dardization and consensus among CCS laboratories will be
essential. At the same time, further study is needed to under-
stand real outcome from mosaic embryo transfer. If one looks
to other genetic specialties for guidance, the concept of work-
ing together to pool data sets should offer the best way for-
ward to understand all of the issues brought to light in the
present paper as well as other, as yet unknown, issues. Repos-
itory databases such as Decipher (decipher.sanger.ac.uk),
Ecaruca (www.ecaruca.net), and ISCA (www.iscaconsortiu-
m.org) can perhaps lay the groundwork for PGS and IVF sci-
entists and clinicians to work together to better understand
and counsel patients about mosaic embryos. Certainly, the
work of the European Society for Human Reproduction and
Embryology Preimplantation Genetic Diagnosis Consortium
has been groundbreaking and has allowed for large databases
and data collection work to be undertaken on far more cycles
than any one laboratory or one center could ever prepare.

Although the significance of mosaicism at the embryo
stage as it relates to implantation and the developmental po-
tential of the embryos is still unclear, it is reasonable to assume
that mosaicism will influence the likelihood of success of PGS
associated with IVF treatment. Indeed diploid/aneuploid
mosaic embryos are at particular risk of misdiagnosis. Unde-
tected mosaicism may result in the transfer of embryos with
a lower developmental capacity compared with fully euploid
embryos. In contrast, labeling mosaic embryos as fully aneu-
ploid may involve the exclusion of a normal embryo from
the transfer procedures. Accurate detection of mosaicism
among embryos may reduce the risk of early pregnancy failure
and may increase implantation rates after transfer, but it may
also lead to discard of embryos with the potential to produce
normal offspring. To truly understand mosaic embryos and
their fate when transferred, it will take a worldwide effort of
scientists, clinicians, and perhaps regulators to collect, analyze,
and distribute data to all interested parties.
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