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ABSTRACT

Deciding whether to transfer a non-euploid embryo presents a challenge for both individuals
and clinicians involved in assisted reproductive technologies (ART) with preimplantation genetic
testing (PGT). The uncertainty surrounding clinical outcomes and long-term effects complicates
this decision, and there is limited research on the factors that influence individuals’ experiences
during this decision-making process. An online survey was utilized to gather data on elements
influencing the decision-making process. The survey included both closed and open questions
and targeted individuals worldwide who had undergone PGT during their fertility journey. A
total of 135 responses were received, with complete data from 111 respondents analyzed. Three
primary factors emerged as significant influences on respondents’ decision-making: the oppor-
tunity to discuss the implications of the transfer, the topics covered during consultations, and
the country where the treatment was received. The study also identified three major themes
related to the challenges faced by respondents: mismatched expectations, inadequate informa-
tion provision, and an unsupportive decision-making process. These results highlight the critical
need for appropriate support when deciding to transfer a non-euploid embryo. Respondents
emphasized the importance of comprehensive discussions about the implications of PGT results.
The study underscores the necessity for proactive clinic communication, patient-centred infor-
mation, and increased support for patients considering non-euploid embryos.
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Introduction et al, 2016). Although embryonic mosaicism has been
reported for nearly three decades, the evolution of
PGT-A has increased the detection of mosaic embryos
(Munné et al., 1994). Consequently, the reporting of
mosaic embryos has complicated the decision-making
process for patients (Besser et al., 2019). Furthermore,
different genetic laboratories may consider different
thresholds of mosaicism (high/low) with no consensus.

Guidelines and position statements have been pub-
lished to provide recommendations for clinics and lab-

oratories on supporting MET (mosaic embryo transfer)

Pre-implantation genetic testing (PGT) is an assisted
reproductive technique used to detect genetic and
chromosomal abnormalities in embryos (ESHRE PGT
Consortium Steering Committee, Carvalho, et al,
2020). PGT-A (aneuploidy) is commonly used alongside
assisted reproductive technology (ART) to select
embryos with a normal number of chromosomes
(euploid) (Yang et al, 2022). Mosaicism in
pre-implantation embryos is considered a natural phe-

nomenon (Taylor et al, 2014). A mosaic result indi-
cates that some cells in the embryo have an abnormal
number of chromosomes (aneuploid), while others are
euploid. The reported incidence of mosaicism at the
blastocyst stage using next-generation sequencing
(NGS) methods varies widely, from 2-40%, but is likely
to be between 5% and 10% (Fragouli et al, 2019;
Gleicher et al, 2020; Munné et al, 2016; Ruttanajit

and counselling patients with mosaic embryos (ESHRE
Working Group on Chromosomal Mosaicism, De Rycke,
et al, 2022; Gleicher et al, 2020; Leigh et al, 2022).
Counselling patients with mosaic embryos, especially
those without euploid embryos to transfer, can be
challenging for clinicians (Besser et al., 2019). A dou-
ble-blinded prospective non-selection trial has demon-
strated equivalent live-birth rates and miscarriage
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rates across different types of embryos euploid, low-
grade mosaic and medium-grade mosaic embryos
(Capalbo et al., 2021). Adverse outcomes are possible
when mosaic embryos are transferred. Case studies on
MET have demonstrated that some putative mosaic
embryos correspond to true foetal mosaicism detected
in pregnancy, resulting in chromosomal abnormalities
in the foetus and severe disabilities (Kahraman et al.,,
2020). Current literature reports a prevalence of 1.2%
persistent mosaicism in pregnancy after transfer of a
mosaic embryo (Viotti, 2023).

Due to the uncertain outcomes of MET, the deci-
sion-making process for patients can be difficult. This
research aimed to determine the specific factors influ-
encing respondents’ experience when deciding to
transfer a mosaic embryo.

Methods

This research was approved by the UCL Research
Ethics Committee ID Number: 22279/001. The sample
population for this study was English-speaking
patients who underwent ART treatment with PGT-A.

Survey design

The data for this study was collected using an
anonymous online survey, including options for free
text responses (Supplementary Material). The survey
was created with Qualtrics XM software (Qualtrics,
Provo, UT) and was designed by ART and academic
professionals and pilot tested with volunteer individu-
als at a UK IVF clinic, who had themselves undergone
IVF with PGT-A (one had mosaic embryos). The final
survey included 48 questions. It was made available to
the public on 16 February 2023 on a private Facebook
group (My Perfect Mosaic Embryo) from 16 February
2023 to 5 July 2023. This group consists of a mix of
members with both positive and negative clinical out-
comes. To participate in the study, respondents had to
meet the following criteria: they had to be at least
18years old, have undergone IVF treatment with PGT-
A at some point during their fertility journey, and
have had either a non-euploid embryo transferred or
cryopreserved. There was no upper age limit for
participants.

The survey was divided into three sections: the first
collected sociodemographic and medical history infor-
mation, including details on egg collection, education,
ethnicity, and treatment location. The second section
explored experiences with genetic counselling and fer-
tility specialists. The third section assessed clinical and

neonatal outcomes following non-euploid embryo
transfer. Each section included 8-17 questions, com-
bining multiple-choice and open-text formats.

Data analysis

Statistical analyses were conducted using Qualtrics XM
and SPSS Version 29, with significance set at 5%.
Descriptive statistics analyzed patient demographics,
and Fisher’s Exact test assessed relationships between
responses. For the question on feeling empowered to
make reproductive decisions after clinic screening
(Part 2; Question 7), responses were recoded to ‘yes’
(if from the clinic) or ‘no’ (if from elsewhere or not).
Association tests and a binomial logistic regression
with an ROC curve identified factors influencing
respondents’ feelings of support from their clinics.

Free text data were analyzed by qualitative the-
matic analysis (QTA) as outlined by Braun and Clarke
(Braun & Clarke, 2006). This six-phase method guides
data analysis to generate themes from qualitative
data. Initially, all open text data were read, and initial
codes were systematically generated by collating simi-
lar responses. Two additional researchers reviewed the
initial codes, reassessed groupings, and generated fur-
ther codes. The coding process was iterative, involving
back-and-forth coding, separating, merging, and refin-
ing codes. Once assigned, codes were re-read and
merged based on shared meanings, then collated into
themes. These themes were reviewed and revised until
a final set was produced. Selected quotes are referred
to by standalone # numbers to indicate the range of
participants represented.

Results
Survey

Sociodemographic characteristics

A total of 135 responses were recorded with a com-
pletion rate of 82.2% (111/135). The age of individuals
at egg collection ranged from 27-47 years old and the
age of partners at sperm collection ranged from
31-59years old. The full details of the respondent’s
demographics are listed in Table 1. The majority of
individuals who responded to the survey identified as
White (84.7%, 94/111) and were largely from the USA
(74.8%, 83/111). The majority of respondents also had
university education (92.8%, 103/111) and were not
religious (47.7%, 53/111). The origin of eggs used in
treatment were largely own eggs (97.3%, 108/111),
and the origin of sperm used in treatment was primar-
ily partner sperm (79.3%, 88/111). Of those who had
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Table 1. Sociodemographic  characteristics of  study
participants.

Sociodemographic characteristics N %
Country of Treatment

USA 83 74.8
Canada 8 7.2
United Kingdom 6 5.4
Australia 3 2.7
Malaysia 3 2.7
Philippines 2 1.8
South Africa 2 1.8
Ireland 1 0.9
Poland 1 0.9
Spain 1 0.9
Turkey 1 0.9
Ethnicity

White 94 84.7
South Asian 5 4.5
Mixed/Multiple ethnic groups 4 3.6
East Asian 3 2.7
Arab 2 1.8
Black/African/Caribbean 1 0.9
Other 1 0.9
Prefer not to say 1 0.9
Education

Degree/Higher Degree 103 92.8
Higher education qualification below degree 7 6.3
School leaving certificate 1 0.9
Religion

No religion 53 47.7
Christian 42 37.8
Hindu 4 3.6
Jewish 3 2.7
Muslim 1 0.9
Buddhist 1 0.9
Any other religion 4 3.6
Prefer not to say 3 2.7
Origin of eggs

Own 108 97.3
Donor 3 2.7
Origin of sperm

Partner 88 793
Donor 23 20.7
Year of Treatment

2016 3 2.7
2017 2 1.8
2018 5 4.5
2019 5 45
2020 10 9.0
2021 18 16.2
2022 49 441
2023 19 171
Indication for PGT-A (multiple response)

Advanced maternal age (>35 years) 65 35.5
Implantation failure 14 7.7
Recurring miscarriage 14 7.7
Previous aneuploid pregnancy 0 0
Reported together with PGT-M/SR 10 5.5
Doctor recommendation 48 26.2
Own choice 32 17.5

proceeded with transferring a mosaic embryo and
reported outcome (43/111), clinical pregnancy rate per
mosaic embryo transferred was 93% (40/43) with an
ongoing pregnancy rate of 86% (37/43). The transfer
of high-level mosaic embryos resulted in lower clinical
pregnancy (87.5% versus 96%) and ongoing preg-
nancy rate compared to those with low level mosai-
cism (75% versus 91%); however, this result was not
significant (p > 0.05) (Supplemental Table 1). Twenty-
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two respondents (22/111) had MET, but the outcome
was pending at the time of survey completion. Other
respondents (38%, 43/111) were yet to transfer a cryo-
preserved mosaic embryo. Out of those, 58% (25/43)
were planning on using the mosaic embryo, 21% (9/
43) hoping to create more embryos to identify a
euploid embryo first, 14% (6/43) were still deciding if
proceeding this MET was right for them and 7% (3/43)
hadn’t done so for other reasons. Three respondents
(3/111) proceeded with embryo transfer with an aneu-
ploid embryo, one resulting in an ongoing pregnancy.
The abnormality which impacted the aneuploid
embryo which resulted in a pregnancy was polyploidy.
The year of treatment (egg collection) ranged from
2016-2023.

Information provision and counselling

Only 29.1% of respondents reported that mosaicism
was discussed by the clinic prior to testing, with even
fewer recalling discussions on the clinical use of
these embryos (Figure 1). Respondents who discussed
mosaicism, the level of mosaicism, the representative-
ness of the results, the risk of harm to the embryo,
and the clinical use of non-euploid embryos were
significantly more likely to feel supported by their
clinics (Table 2). The opportunity to discuss test
result implications was significantly associated with
respondents feeling empowered to make reproductive
decisions.

Factors determining respondents’ knowledge and
experience influencing reproductive decision choices
A binomial logistic regression identified key factors
influencing respondents’ feelings of support in making
reproductive decisions. The most influential factor was
the opportunity to discuss test result implications,
making respondents 3.98 times more likely to feel
empowered. Receiving treatment in the USA reduced
the likelihood of feeling informed (0.218). Although
discussing mosaicism and embryo risks increased the
likelihood of feeling informed, these factors were not
statistically significant (p > 0.05). The model’s AUC was
0.755 (p < 0.001).

Qualitative themes

One hundred eighteen pieces of code were identified,
revealing three overarching themes: mismatched
expectations of PGT-A testing, inadequate information
provision from clinics, and an unsupported decision-
making process.
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(Part 2; Q4) Please select the topics that were covered prior to embarking PGT-A at your clinic?

What is PGT-A

PGT-A results according to your age

Where PGT-A would be conducted

Mosaicism

Results may not be representative of the embryo
Clinical use of non-euploid embryos

Level of mosaicism

Risk of miscarriage after PGT-A

Other

Cannot remember

Figure 1. Proportion of topics discussed with respondents.

Table 2. Summary of results on factors which influence how
supported respondents feel when making their reproductive
decisions regarding non-euploid embryo transfer.

Yes (%) No (%) p-value

Respondents feeling supported

Topic discussed (Yes vs No)

Mosaicism 737 263

Level of mosaicism 737 263 <0.01
Results may not be representative of the embryo 654 346 <0.01
Risk of Harm to Embryo 533 467 <0.01
Clinical use of non-euploid embryos 619 381 <0.01
Country of treatment

USA (vs rest of the world) 325 67.5 <0.01
Genetic Counselling Offered

Yes (vs No) 437 56.3 >0.05
Opportunity to Discuss Implications

Yes (vs No) 711 289 <0.01

Mismatched expectations of PGT-A

Respondents noted a gap between how medical pro-
fessionals explain PGT-A to patients and the certainty
with which it is offered. They felt that the presentation
of the procedure did not align with the current know-
ledge about its accuracy.

| wish PGT-A was explained as not an exact science. #8

Knowing what | do now, | would not recommend PGT. It
is presented as though it is completely valid however
there is still so much we do not know. #1

Other respondents indicated that their medical pro-
fessionals failed to clarify that PGT-A is not a diagnos-
tic test for distinguishing between euploid and
aneuploid embryos. They felt that the limitations of
PGT-A were not adequately communicated. Some

9541
49.5
437
35
2911
25.2
18.4

4.9

respondents stated the range of possible test out-
comes was not sufficiently explained.

The test was not validated and is not diagnostic, no one
was clear about this. #55

| feel that we ruled out the aneuploid embryos but
knowing the test isn't 100% accurate, | worry those
embryos would have been fine. #69

Just thought it was to sort good from bad. #46

A minority of respondents had the expectation that
the decision to transfer a non-euploid embryo would
be theirs to make and voiced their frustrations about
this. These respondents emphasized they were less
likely to add PGT-A to subsequent IVF treatments, as
they did not want to miss the opportunity to transfer
a non-euploid embryo.

Inadequate information provision from clinics
Respondents expressed that their clinics provided lim-
ited (or no) information about PGT-A. While a superfi-
cial explanation was sometimes given, specific details
were lacking. Unaddressed topics included outcomes
after mosaic embryo transfer, different mosaic catego-
ries, incidence rates of mosaicism, and success rates
following mosaic embryo transfer.

There was no discussion other than it was included in
the IVF package. #107

| was not provided information from the clinic prior to
PGT-A. #39



An overview of PGT-A was provided, but no information
on the incidence of mosaicism and the potential
outcomes of transferring a mosaic. #24

Respondents who were unhappy with the amount
and scope of information provided, all stated they
undertook their own self-directed research to ensure
they had sufficient information. Respondents used lan-
guage like ‘had to’ and ‘required’ in reference to them
undertaking their own research about mosaic
embryos. Sources of information included medical lit-
erature, peers, private genetic counsellors, and social
media groups. Social media forums and groups were
mentioned by several respondents as a helpful source
of information. Some respondents reported that their
clinic provided them with no or cursory information
on mosaicism meaning that they were forced to rely
on their own independent research.

The info was bad. They just did not have good info on
mosaics at the time. | had to educate myself. #9

Very little was known about mosaics though they were
being reported. #6

Some respondents considered that doctors at their
clinics did not have a sufficient level of information
about mosaic embryos to support them in their deci-
sion-making.

| wish clinics understood more about mosaics and that

doctors were more educated by geneticists. #10

Doctor didn't seem to have adequate knowledge re my
mosaic embryo. #50

The doctors don't really know what to do with
mosaics. #48

Unsupported decision-making process

Some respondents who had undertaken their own
independent research about mosaic embryos felt
unsupported by their clinic in making an autonomous
decision to transfer a mosaic embryo. This meant they
had to self-advocate to secure a MET. Respondents
reported that being forced to advocate for MET and
convincing their clinics to effect MET exacted an emo-
tional toll.

In the end | stopped all IVF because of the trauma of
having to fight to use my mosaics. #54

[persuading a clinic to transfer a mosaic embryo] This
caused a lot of frustration and heartache. #64

| had to advocate to transfer the mosaic. | researched
mosaic and insisted we transfer her. #4

Some respondents perceived their difficulty in
securing the transfer of a mosaic embryo as being due
to their clinic classifying them as ‘abnormal’ and so
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not appropriate for transfer. A minority of respondents
felt their clinic’s unwillingness to transfer a mosaic
embryo reflected their adherence to outdated evi-
dence. As a result of this, one respondent moved their
embryos to a different clinicc. Many respondents
reported feeling such pressure from medical professio-
nals to undertake PGT-A testing that they had no
choice but to agree to include PGT-A in their treat-
ment. Some respondents felt their clinic ‘played on’
their fears to convince them to undertake PGT-A test-
ing. One respondent expressed their frustration over
pressure to include PGT-A in their treatment plan,
however, their clinic would not transfer their mosaic
embryos.

| feel pressured to test our embryos, but clinics won't
even try transferring non-euploids. So | don’t want to
test because | just want to try. #54

| was made to feel like PGT-A was my only option. #63

Other, respondents described not only the absence
of comprehensive information but also the limited
nature of any discussion of PGT-A; it was not a topic
‘discussed in any detail'. Some respondents perceived
themselves to have sufficient info in relation to PGT-A
in general but not in relation to mosaicism.

Discussion
Main findings

The aim of this project was to investigate respondents’
experiences regarding factors affecting their repro-
ductive decision-making related to the transfer of a
non-euploid embryo. This study acknowledged three
themes regarding support and challenges: mismatched
expectations, inadequate information provision, and
an unsupportive decision-making process.

The majority of respondents (59.5%) felt unsup-
ported by their clinics in making reproductive deci-
sions, citing an unmet need for accessible, clear
information on mosaic embryos and the limits of PGT-
A. Additionally, treatment location appeared to influ-
ence perceived support, with U.S.-based patients
reporting less support.

Strengths and limitations

The study shows the nuanced perspectives of a specific
patient group navigating decisions about mosaic
embryo transfers. By using qualitative data, we captured
detailed personal insights that quantitative studies may
overlook.
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There are some limitations to this study, primarily
relating to the sample size and response rate, with
only a proportion of the Facebook group’s members
who had visibility to the survey (0.8%, 135/17000).
This limits the generalizability of our findings and
could be a reason of selection bias. The majority of
respondents were white and educated in the United
States, meaning our findings may not fully represent
the broader population of individuals undergoing
PGT-A in other regions or demographic groups. The
wide timeframe of responses in a field where PGT
technology and clinical approaches are rapidly evolv-
ing; could affect how respondents perceive their sup-
port and outcomes over time. It would be valuable to
assess the extent to which respondents who did not
engage in self-directed research were adequately
informed - either because they were already suffi-
ciently informed or failed to recognize their own infor-
mational gaps.

Comparison with other studies

Previous research has demonstrated patients with
mosaic embryos have unmet needs with regards to
healthcare services (Cheng, Meiser, Kennedy, et al,
2022) which is similar to our findings with 59.5% of
respondents reported feeling they did not feel sup-
ported by their clinics to make their own reproductive
decisions. A recent study concluded that respondents
with mosaic embryos expressed a need for more stud-
ies on short- and long-term clinical outcomes of
babies born from MET, alongside more information
about clinical outcomes such as IR and LBR (Cheng,
Meiser, Kennedy, et al., 2022), similar to our findings.

A recent study has raised concerns about patients’
knowledge and decision making, with one third of
patients regretting their decision to use or not to use
PGT-A in their treatment (Kaing et al., 2020). A system-
atic review of patients’ decisional needs for PGT-A
showed health professionals provide general informa-
tion about PGT-A and will only discuss further details
when requested by a patient (Cheng, Meiser, Kirk,
et al., 2022).

Respondents in this study revealed the need for
more information about mosaic embryos and PGT-A.
Respondents stated limited information was provided
about PGT-A and mosaic embryos, alongside several
topics specific to both PGT-A and mosaic embryos.
These results expand on findings by Cheng et al.
which reported that patients felt they were provided
with general information, however there was an insuf-
ficient amount of information provided about mosaic

embryos (Cheng, Meiser, Kennedy, et al, 2022).
Moreover, a systematic review demonstrated a need
for greater information provision for patients relating
to PGT-A (Cheng, Meiser, Kirk, et al., 2022). A recent
study of health professionals’ views and attitudes
towards PGT-A reported medical professionals were
more inclined to transfer certain types of mosaics
(Cheng et al, 2023). Furthermore, the study high-
lighted how a substantial number of health profes-
sional were unsure if mosaic embryos should be used
in clinical practice.

Explanation of the findings

The country of treatment was found to influence how
supported respondents felt in making their reproduct-
ive decisions, with those treated in the USA feeling
less supported compared to those in other countries.
While guidelines for clinics state that patients should
be advised and informed, clinics are not mandated to
follow specific guidelines (Carvalho et al, 2020).
Additionally, a study demonstrated that patient educa-
tion materials in the USA did not meet the standards
set by the Centres for Disease Control and Prevention
and the Joint Commission, which require materials to
be written at an 11-year-old reading level or below
(Baur & Prue, 2014; Early et al., 2020). Therefore, indi-
viduals’ experiences in fertility clinics can vary widely
in the USA (Yang et al,, 2022).

Our findings from the open-text data indicate that
patients may have different expectations of PGT-A
compared to their clinics. A common response among
respondents was that they were unaware PGT-A was
not a diagnostic test or that mosaic embryos were a
possible test outcome. Similarly, respondents felt the
uncertainties and limits of PGT-A were not sufficiently
communicated to them. Previous research indicates
patients do not accurately understand PGT-A, its limits,
and diagnostic capabilities, highlighting the need for
improved patient education before undergoing PGT-A
(Lamb et al., 2018). Although clinicians may be provid-
ing accurate information, optimistic outlooks may cre-
ate barriers to patients’ comprehension of the
information (Garrett & Sharot, 2017). Furthermore,
respondents seemed to have different expectations of
their clinics’ policies regarding MET, with some expect-
ing to make the decision to transfer.

Implications for future research

Our study highlights several potential areas for future
research. Expanding the survey to include more



diverse and international patient groups and individu-
als experiencing recurrent pregnancy loss, would pro-
vide valuable insights into how different populations
navigate mosaic embryo transfers. Further studies with
larger, more representative samples could better char-
acterize the varying informational needs and support
preferences across patient demographics. Additionally,
exploring clinical outcomes of those who chose not to
proceed with MET, especially in relation to their subse-
quent success with euploid embryo transfers, would
provide a more comprehensive view of patient experi-
ences and needs.

Implications for clinical practice

Prior studies highlight the crucial role of genetic coun-
selling in decision-making for PGT-A (Boivin &
Gameiro, 2015; Kaing et al., 2020). The ASRM also
emphasizes the importance of genetic counselling and
patient education before and after PGT-A (Practice
Committee and Genetic Counseling Professional Group
(GCPG) of the American Society for Reproductive
Medicine, 2020)

It is important to provide clear regulations to clinics
offering PGT-A to ensure a sufficient level of support
for patients (Early et al., 2020; Yang et al, 2022). To
ensure at least minimum standards are met, it may be
necessary to include specific information in the con-
sent form that clearly outlines clinic policies and deci-
sion-making processes related to MET.

Continued education for clinicians and scientists is
crucial to enhance their awareness and support for
patients with mosaic embryos. Moreover, a more
standardized approach to patient counselling, with
pre-test and post-test counselling by genetic counsel-
lors or well-informed embryologists, could improve
the patient experience.

Respondents expressed the emotional toll of not
feeling supported by their clinics and having to ‘fight’
their clinics for a MET. Prior research has demon-
strated the emotional stress of fertility treatment is a
major factor as to why patients end treatment prema-
turely and can impact patients years later (Jarvholm
et al., 2017; Kim et al., 2012). Due to variations in clinic
methods, ESHRE published recommendations for IVF
centres to support them in developing their own poli-
cies to manage these cases (ESHRE Working Group on
Chromosomal Mosaicism et al., 2022). The adoption of
these recommendations by clinics may aid in patients
feeling more supported in their decisions to transfer
mosaic embryos or provide clear policies so patients
do not feel ‘pressured’. Furthermore, ensuring patients
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are offered psychological support while undertaking
treatment could help to alleviate the emotional toll of
IVF treatment.

Conclusions

The study highlights the gap between patient expect-
ations and clinical practices, a crucial insight that
could inform patient-centered care improvements in
fertility clinics offering PGT-A.
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