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Summary

Chromosome testing strategies, such as PGT-A, improve initial IVF outcomes by avoiding
unwitting transfer of aneuploid embryos in morphology-based selection practices.
Newer technologies have revealed that some embryos may appear to have intermediate
whole chromosome (or parts of a chromosome termed segmental) copy number results
suggesting trophectoderm (TE) mosaicism. An embryo with a TE mosaic-range result (to
be referred to as “mosaic embryos” in the rest of this document) may be the only option
for transfer for some patients. Recent data suggests that such mosaic embryos can be
transferred without added risk of abnormal birth outcomes. Some published research
suggests that mosaic embryo transfers are associated with increased implantation
failure and miscarriage rates (Figure 1) with higher values of mosaicism appearing to be
less favorable for producing good outcomes for the patient although there are only a
few controlled studies examining this possibility. Transfer of lower range mosaic
embryos have variable reports with some groups suggesting outcomes similar to euploid
embryos (Capalbo et al., 2021), whereas other groups report higher pregnancy failure
rates ( Wang et al., 2021). Data are still limited regarding outcome of mosaic embryo
transfers, but information on outcomes with follow up exists on over 1000 cases.

In this Position Statement we provide guidance to laboratories, clinics, clinicians and

counsellors to assist in discussions regarding the utility and transfer of mosaic embryos.



Introduction

As a society, PGDIS promotes the implementation of quality processes at all stages of
embryo analysis including technical competency in performing any PGT process as well
as appropriate interpretation of all testing results. Since the release of the previous
Preimplantation Genetic Diagnosis International Society (PGDIS) Position Statement
2019 (www.pgdis.org), there has remained uncertainty about implications of mosaic
embryo transfer. The purpose of this document is to review the most recent information
available and provide an updated summary to test laboratories, clinics, clinicians and
genetic counsellors regarding the transfer of mosaic embryos, replacing previous 2016
(https://pgdis.org/docs/newsletter 052417.html) and 2019 (Cram et al., 2019)
documents issued on behalf of PGDIS.

BACKGROUND

The primary purpose of preimplantation genetic testing for aneuploidy (PGT-A) is to
improve selected IVF transfer outcomes by reducing the number and impact of
aneuploid embryos inherent in morphology-based embryo transfer choices (Forman et
al., 2013). Transfer of a euploid embryo has demonstrated improved rates for
implantation, pregnancy and live birth over aneuploid embryos (Tiegs et al., 2021; Wang
etal., 2021).

A majority of early studies failed to demonstrate an advantage of PGT-A performed
using cleavage stage biopsy with limited FISH analysis. Comprehensive chromosome
analysis (Fragouli et al., 2008) in conjunction with biopsy of several trophectoderm cells

is now considered optimal for evaluation of embryo chromosomal status. Earlier stage


http://www.pgdis.org/
https://pgdis.org/docs/newsletter_052417.html

biopsy and its greater potential for reduction in embryo outcomes has been
discontinued in most clinics. Analysis of more than one cell in a single assay however,
introduces the possibility of whole chromosome (or partial/segmental chromosome)
intermediate copy number results.

OVERVIEW OF NEW KNOWLEDGE

Incidence of mosaic embryos

Chromosome mosaicism has been observed commonly although usually in only a
minority of embryos. Sensitive technologies such as array CGH and NGS based methods
can variably distinguish uniform aneuploidies (affecting all cells in the biopsy) from
mosaic aneuploidies (affecting only some of the cells in the biopsy). At the blastocyst
stage, the incidence of reported mosaicism using NGS methods is highly variable
amongst clinics, ranging from as low as 2% to as high as 40% with the vast majority of
clinics reporting between 5-15% depending on age group being investigated (Fragouli et
al., 2019; Munne et al., 2016; Rodrigo et al., 2020; Ruttanajit et al., 2016). A consistent
high incidence of mosaic embryos in a selected clinic may be related to predominant
patient age group, clinical treatment and/or specific embryology practices (Fragouli et
al., 2019) while a high level of apparent mosaicism across all referral clinics may be
indicative of poorer testing laboratory practices. In either case, a review of clinical
and/or testing laboratory practices may be warranted. Clinics sending biopsies for PGT-A
to an outside testing laboratory should request the laboratory to disclose their embryo
mosaic rates and cut off ranges. This will assist clinics in assessing their own

performances as well as the analytical capabilities of any referred testing laboratory.



Transfer outcomes from mosaic embryos

Since the first published study reporting successful pregnancies after transfer of mosaic
embryos (Greco et al., 2015), other groups have also reported outcomes involving larger
numbers of mosaic embryos (Munne et al., 2017; Victor et al., 2019a; Viotti et al., 2021;
Zhang et al., 2019; Zore et al., 2019). These studies have revealed that mosaic or mosaic
segmental embryos do give rise to healthy pregnancies (Tiegs et al., 2021; Viotti et al.,
2021) but suggest such transfers may be associated with reduced implantation rates and

often higher miscarriage rates (Wang et al., 2021).

Figure 1. Relationship between level of mosaicism and transfer outcomes of a mosaic embryo.
Arrows on the right side show increasing mosaicism in either euploid or aneuploid embryos.

The collective transfer data still only comprises approximately 1000 mosaic embryos but
it is evident that a high proportion of mosaic embryos have a significant level of
developmental competence and should not be disregarded in terms of suitability for
transfer. In general, good success rates were achieved after the transfer of lower range

mosaic embryos, whereas apparently mosaic embryos that appeared to have higher



levels of abnormal cells in the TE biopsy specimen were less likely to achieve a viable
pregnancy. At present, nearly all prenatal diagnoses of established pregnancies after a
mosaic embryo transfer have revealed normal euploid fetuses with all live births
reported to date showing no evidence of chromosome-based syndromes. Currently,
there have been only a few isolated reports on mosaic embryo transfers giving rise to a
non-syndromic very low level mosaic child (Kahraman, et al., 2020) or an affected child
(Mounts E., 2019).

More recently, the total analysis of mosaic embryos donated to research has revealed
additional information on the chromosomal constitution of mosaic blastocysts (Viotti et
al., 2021). In general, a high level of mosaicism in the initial biopsy often shows a full
aneuploidy in subsequent trophectoderm biopsy and ICM. However, if a lower level of
mosaicism was followed in subsequent trophectoderm and ICM biopsies, many embryos
were uniformly euploid (Marin et al., 2021; Ou et al., 2020; Victor et al., 2019b).

How does this affect aneuploidy testing in clinical practice?

Although most (>85%) TE biopsy results are either uniform euploid for all chromosomes
or full aneuploid involving one or more chromosomes, a small proportion of embryo
biopsies may show intermediate copy number changes for one or more chromosomes.
Although mosaicism detected in TE biopsies can theoretically have clinical implications
for the fetus and/or placenta in any pregnancy, including effects on placental function
and/or liveborn disease syndromes (Grati et al., 2018), transfer of mosaic embryos may
be considered after appropriate counselling of the patient and discussion of

alternatives. The actual risk compared to natural pregnancies is small (Viotti et al., 2021)



with differences observed likely representing true mosaic transfers amongst minor TE

mosaics or artefactual analyses.

FOR THE TESTING LABORATORY

Circumstantial evidence is emerging that suggests that NGS and associated data

analysis pipelines used to measure chromosome copy number may at times incorrectly

indicate mosaicism (Fragouli et al., 2019; Marin et al., 2021).

Theoretically, mosaicism estimates could be exaggerated by the following:

(i)  Poor biopsy technique

(ii)  Poor sample handling/transport

(iii) Sub-optimal DNA amplification and library construction

(iv) Choice of algorithms used for normalizing the chromosome mapping bins

FURTHER COMMENTS

1. For technical reasons, only an analysis platform that can reproducibly measure
copy number should be used for reporting mosaic levels in the biopsy sample.
Testing laboratories can perform their own baseline control experiments for both
euploid and aneuploid amplified DNA products from a range of samples. Such
experiments may be repeated at regular intervals, to be defined within each
laboratory and to ensure mosaicism detection does not alter. Published works
from different groups suggest a typical cut off value for euploid assignment is
<20% and for aneuploidy assignment >80%. These values essentially represent
noise bands and may show some variation based on the specific technology or

algorithms used (Fragouli et al., 2017; Maxwell et al., 2016; Munne et al., 2017;



Spinella et al., 2018). Embryos in the lower ‘mosaic’ range value may be reported
as euploid, whereas embryos in the upper ‘mosaic’ value may be reported as
aneuploid. Profiles with chromosome values outside these ranges are considered
to indicate potential mosaicism. Some groups use less stringent euploid/aneuploid
cut off values, resulting in lower reported intermediate copy numbers but
accepting higher analytical noise levels with its implications for overlap in the
mosaic range. Groups that report higher mosaic embryo transfer outcomes may
be reflecting higher false rates of mosaic calls associated with different testing
platforms and/or algorithms used in analysis (Navratil, et al., 2020; Rodrigo et al.,
2020; Zhou, et al., 2021). In either case, these upper and lower cutoff ranges
should be reported by the testing laboratory to the referring clinician in order to
facilitate any transfer discussions with their patient.

Given the nature of the biology underlying the genesis and propagation of
mosaicism, a TE biopsy suggested to be mosaic may not accurately reflect the rest
of the embryo. Logically, a fixed range stating high/low mosaicism for the entire
embryo should not be provided.

There is inherent difficulty in assigning a single average value to what may actually
be a relatively broad variation along a single chromosome in addition to an
analytical error as with euploid/aneuploid ranges. This means any value should
therefore be considered a reference point for reporting purposes only.

While it is understood that commercial imperatives may be involved, testing

laboratories should not classify mosaic embryos as fully aneuploid since this may



reduce patient cycle potential. This includes embryos with multiple chromosomes
in the mosaic range. This may mean a “No Result” assignment is most appropriate
(Marin et al., 2021).

5. Testing laboratories should refrain from classifying a mosaic embryo as suitable or
not suitable for transfer since this may restrict clinical treatment options

6. Laboratory report formats should be updated to include reporting of
mosaic results, apparent % mosaicism, any cut off values used and any
chromosome abnormality identified.

7. A chromosome result profile that indicates apparent mosaicism for any patient
embryo should also be provided on request for the purpose of genetic counsellors
or clinicians explaining the PGT-A results to patients

FOR THE IVF CLINIC

It is recommended that 5- 10 TE cells be biopsied in order to minimize the impact of the

process on the remaining embryo while still giving a robust, balanced amplification- care

should be taken at all times to ensure minimum effect on the embryo. Damage to the
cells during biopsy, as well as washing and loading should be minimized to reduce
amplification bias and yield a DNA product reflecting the original embryonic cells. If

there is a consistently high incidence of mosaicism identified in embryo cohorts within a

given clinic, consideration should be given to investigating both the embryology and

PGT-A practice so as to identify any possible underlying explanations.

FOR THE GENETIC COUNSELLOR/CLINICAL SUPPORT

The wide variety and quality of information both in the scientific literature and social



media forums has confused the understandings of the usefulness of mosaic embryos in
IVF treatment. Debate in the scientific literature, popular press and on social media has
led to confusion, not only amongst the clinics but also amongst patient support and
advocacy groups. Preimplantation Genetic Testing for Aneuploidy (PGT-A) is a process
designed to improve the outcome of any specific transfer by identifying those embryos
which have a chromosome constitution most likely to lead to a successful transfer
outcome.

Pregnancy failure with aneuploid embryos is undisputed, as is necessity for a balanced
chromosome set for a successful pregnancy is also undisputed. At this point in time, the
best approach for examining the constitutional chromosome set is to remove a small
sample from the blastocyst stage embryo. As with any analysis involving more than one
cell, the possibility of identifying chromosomal differences within those cells exists. If
there are two different chromosome complements amongst the cells, the
chromosome(s) will show an intermediate copy number profile, i.e. neither two (termed
euploid), nor one or three (termed aneuploid). Presence of an intermediate level is
referred to as a mosaic (mixed) state. Since only a small piece is removed from the
embryo, a mosaic state may be limited to the region biopsied or may be present
throughout other parts of the embryo.

Any individual embryo cohort may have no transferrable embryo, or may have several
embryos classified as mosaic. This Position Statement is devised to assist in the decision-
making process when faced with the option of a mosaic embryo transfer. The most

recent report summarizing outcomes after 1,000 mosaic embryo transfers (Viotti et al.,



2021) suggests that while implantation potential may be reduced, the risks of any
subsequent births being chromosomally abnormal are low.

It is understood that different opportunities and constraints are faced by each individual
patient; thus, the decision-making process needs to be fully discussed with an
appropriate professional. It should be kept in mind that mosaic embryos have always
existed and been used in the IVF process without being identified as such. It should also
be recognized that some of the euploid embryos selected for transfer could prove
mosaic if biopsied in another region of the trophectoderm.

Given the nature of mosaicism and the way in which it arises during early embryonic
development, it is obvious that a single biopsy specimen characterized as mosaic does
not prove that the surrounding trophectoderm or the rest of the embryo is also mosaic.
Increasing level of mosaicism may be less favourable to good outcomes (FIGURE 1) but
for both technical reasons (analysis platform, amplification variations, analysis
algorithms) and biological reasons (localized mosaicism vs uniform mosaicism) no
precise cut-off values for transfer should be assigned (Lin, et al., 2020; Marin et al.,
2021).

RECOMMENDATIONS FOR THE CLINICIAN

While laboratories deliver reports for individual embryos, clinicians should have some
proficiency in understanding an embryo chromosome result profile. Clinicians may be
called upon by patients to explain transfer opportunities. A chromosomal profile can
usually be presented as a simple, pictorial representation of an embryo’s relative

chromosome copy number.



1. Patients should continue to be advised that any genetic test based on sampling
one or small number of cells biopsied from preimplantation embryos cannot be
100% accurate because of a combination of technical and biological factors,
including chromosome mosaicism.

2. Patient information and consent forms for aneuploidy testing should be modified
to include the possibility of mosaic results.

3. In general, transfer of blastocysts with a normal euploid result should be
prioritized over those with mosaic results unless other indications, such as patient
preference are raised.

4, Transferring a mosaic embryo is not without increased risk compared to the transfer of

a euploid embryo. In considering the transfer of a mosaic blastocyst, the following

options can be discussed with the patient:
(i) A further PGT-A cycle to increase the chance of identifying a euploid
blastocyst for transfer.
(ii) Or transfer the mosaic blastocyst after appropriate consultation, regarding
the potential risks.
PRENATAL OPTIONS
Prenatal diagnosis of an established pregnancy after euploid or mosaic PGT is
recommended by PGDIS. This is consistent with current ACOG/ACMG recommendations
that state prenatal diagnosis should be discussed and made available for every

pregnancy, regardless of method of conception or prior genetic testing.



Non Invasive Testing

For early pregnancy investigations, preference should be given to 24 chromosome NIPT
methodology that includes the mosaic chromosome(s) in question- the simple 5
chromosome NIPT tests (21, 18, 13, X and Y) available in many countries may not be
appropriate for some specific investigations. It should be noted that segmental
aneuploidy detected by PGT-A may be below limits of detection by NIPT. The ordering
provider must be aware as to whether the segment is within detection limits. The
requester should also understand that non-invasive testing can only assess placental
chromosome status which does not always reflect the remaining structures or the fetus.
Invasive Testing

Amniocentesis analysis from gestation week 14 onwards is considered to be the most
representative of the chromosomal complement of the fetus. Earlier gestational stage,
chorion villus sampling (CVS), may be considered but, as with NIPT, it may only reveal
placental chromosome constitution which could differ from the fetal chromosome set.
Non-directive counselling regarding all options should be offered in all cases.
SUGGESTED RECOMMENDATIONS TO ASSIST IN THE PRIORITIZATION OF MOSAIC
EMBRYOS CONSIDERED FOR TRANSFER

Based on new knowledge gained from recent embryo analysis and transfer studies, the
following is a guide to assist the clinician (or a genetic counsellor if available) when a
mosaic embryo is being considered for transfer:

1. Embryos with higher-level mosaicism may be associated with less favorable

outcomes compared to lower-level mosaicism. Currently there is little experience



on high grade mosaic embryo transfers. Relative percentage of mosaicism seems
to be a better predictor of outcome than the specific chromosome(s) involved and
thus should be included in reporting and patient discussion.
A decision to transfer a mosaic embryo can be prioritized either on the level of
mosaicism or type of mosaicism (whole chromosome vs segmental changes). If
there is a choice between the transfer of two embryos with similar levels of
mosaicism, preference may be considered based on embryo morphology, giving
higher morphological grades to be tend to give better outcomes or on the nature
of the variation (segmental mosaic embryo transfers are reported to give
outcomes more similar to euploid embryos than are whole chromosome mosaic
embryo transfers).

In Conclusion, developments in genomic technologies for PGT have allowed more

complete spectrum of chromosome abnormalities to be identified, including full

chromosome and segmental mosaicism- areas in which current knowledge of the

outcomes is incomplete and still evolving. Historical IVF outcomes, where transfer of

mosaic embryos was inevitable, have not indicated increased risks for live born

chromosome disorders compared to natural pregnancies. Transfer of mosaic embryos

seems to be a relatively safe option for couples, with low or minimal risk of negative

outcomes for the birth beyond the background risk for any pregnancy.

NIPT has been shown capable of detecting many even rare (non-live born) trisomies

(Scott et al., 2018). Non-invasive follow up of the original trophectoderm mosaicism

result is thus now available. A traditional invasive test is also available but at a later



gestational time.

At the research level, chromosome analysis of donated mosaic embryos continues to
shed light on the significance of the initial biopsy assessments and gives valuable
information about the genetic constitution of mosaic embryos. Similarly, detailed
chromosome investigations of the placenta after birth would add valuable information
on the nature and extent of any mosaicism observed in the original transferred mosaic
embryo. As further information evolved, this Position Statement will be updated

accordingly.
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