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Abstract

Preimplantation genetic testing (PGT) involves testing embryos created through in vitro
fertilization for the presence of hereditary genetic disorders and chromosome abnormalities.
PGT for monogenic conditions (PGT-M) is generally performed for childhood-onset, lethal
disorders, but is increasingly accepted for certain adult-onset conditions, conditions with
available treatment options or conditions with lower penetrance. Furthermore, the development
of PGT for polygenic conditions (PGT-P) makes ethical questions regarding PGT indications
imperative. A systematic review was therefore performed to gather and analyse studies on the
perspectives of healthcare professionals on the appropriate scope of PGT, with the aim of
getting insights into the concerns about the scope of PGT now and in the near future. PRISMA

guidelines were followed. Twelve qualitative articles were included. The main themes extracted
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were the scope of PGT and decision-making about PGT. Defining ‘a serious genetic condition’
was seen as complex, but severity, high penetrance and absence of treatability and patients’
experience were seen as relevant indications to determine the appropriateness of PGT. In
navigating the decision-making processes with patients, professionals experienced friction
between setting limits and respecting patients’ autonomy. Such friction and ethical dilemmas
around seriousness, informed decision-making and preventative medicine show that while
expanding the list of possible PGT indications and the development of PGT-P could augment
patients’ reproductive autonomy, it could also lead to an increased reproductive ‘burden’ for
patients. These insights are crucial for establishing guidelines that help healthcare professionals

navigate ethical tensions associated with PGT.
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Introduction
Preimplantation genetic testing (PGT) involves testing embryos created through in vitro
fertilization (IVF) for the presence of hereditary genetic disorders and chromosome
abnormalities (De Rycke et al. 2020). The first use of PGT was in 1990 for sex selection in
families with X-linked disorders (Handyside et al. 1990). Over the past thirty years,
technological possibilities of PGT have increased (De Rycke et al. 2020; Lemke and Rippel
2018; Vermeesch, Voet and Devriendt 2016). There are three main types of PGT: PGT-M for
single-gene or monogenic disorders, PGT-SR for structural rearrangements (both previously
referred to as preimplantation genetic diagnosis or PGD) and PGT-A for the presence of
aneuploidy (previously referred to as preimplantation genetic screening or PGS). PGT-M and
PGT-SR are indicated for couples with a known genetic condition, while PGT-A aims to
increase the IVF success rate per embryo transfer and in principle could be offered to all IVF
patients (De Rycke et al. 2020). Additionally, PGT for social sex selection (PGT-SS) has been
initiated in certain contexts (De Rycke et al. 2020). With increased technological possibilities,
the scope of PGT has expanded. In the past, PGT-M was mainly performed for childhood-onset,
lethal disorders. In recent years, discussions are increasing regarding PGT for adult-onset
conditions, conditions with possible treatment options or with lower penetrance (Lemke and
Rippel 2018). Furthermore, PGT for polygenic conditions (PGT-P) has been proposed, which
entails the possibility of obtaining embryo risk scores for various complex disorders such as
type 1 and type 2 diabetes, certain cancers and coronary artery disease before embryo selection
and transfer (Treff et al. 2019). So far, PGT-P has only been offered by commercial entities and
not been implemented in healthcare (Lazaro-Munoz et al. 2021).

At the same time, the expanding scope of indications and possibilities of PGT raise
difficult ethical questions, in particular for healthcare professionals. These ethical questions

concern how far selection can and should be allowed to go, what is seen as a ‘serious enough’
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condition to screen against, and who should decide this (Krahn 2009; Vermeesch, Voet and
Devriendt 2016). On the one hand, PGT is seen as a way for prospective parents and healthcare
professionals to consider the welfare of future offspring (Vermeesch, Voet and Devriendt
2016). On the other hand, some see PGT as a possibility for ‘designer babies’ and eugenics
(Camporesi 2015; Geraedts 2018; Gyngell and Selgelid 2016; Liao 2018; Vermeesch, VVoet and
Devriendt 2016). Furthermore, PGT leads to debates about what lives are seen as worth living
and the possibility of it leading to discrimination of disabilities (Camporesi 2015; Malek 2010;
Savalescu 2001; Sleeboom-Faulkner 2007). Additionally, the question arises whether PGT and
its expanding scope enhance reproductive autonomy or not (Zeiler 2004). With PGT-P,
questions around designer babies, discrimination, autonomy and (increased) complexities of
decision-making arise as well. Additionally, dilemmas about the scientific limitations of the
technology such as the limited predictive power and clinical utility, the impact of this
technology on the well-being of child and parents and the society and whether society is ready
for this technology are raised (Lazaro-Munoz et al. 2021; Pagnaer et al. 2021; Turley et al.
2021).

In light of this new PGT development, it is imperative to understand the perspectives of
healthcare professionals on the current and future scope of PGT, particularly regarding PGT-
M. Earlier reviews on PGT perspectives mainly focused on patients’ own experiences, attitudes,
knowledge and decision-making factors (Bracewell-Milnes et al. 2020; Cunningham,
Goldsmith and Skirton 2015; Genoff Garzon et al. 2017; Hughes et al. 2021; Quinn et al. 2012),
the psychological impact (Karatas et al. 2010) and the social dimensions of PGT (Lemke and
Rippel 2018). However, understanding the perspectives of various stakeholders is important in
health policy (Potter, Avard and Wilson 2008), as it helps gain insights into the underlying
values of those involved and can support development of clinical and research policies (Lemke

and Harris-Wai 2015). Considering that healthcare professionals provide, discuss, and regulate
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PGT on a daily basis, this makes them an essential stakeholder group to investigate. Finally, we
discuss the findings of the review in light of the future of PGT and the possible implementation

of PGT-P, which stands at the forefront of ethical tensions.

Materials and methods

Design and search strategy

We conducted a comprehensive search in order to identify all empirical studies that focus on
perspectives of healthcare professionals on the scope of PGT, particularly PGT-M. Our search
string combined two groups of search terms, one focused on PGT and one on healthcare
professionals (see Supplementary Table 1). The search strategy consisted of three steps. First,
a systematic search was performed in PubMed, Embase, Web of Science and Cinahl (on 1
December 2020).

The second step was snowball sampling, i.e. checking the references of included articles
to identify additional relevant articles. The third step was to perform an additional search in
Google Scholar to ensure that no relevant articles were missed in the databases search. We
checked the first 500 results. We followed the PRISMA guidelines for systematic reviews (see
Figure 1) (Liberati et al. 2009). The study was registered in the international prospective register

of systematic reviews (PROSPERO #CRD42021226194).

Inclusion and exclusion criteria
Studies were included in this review if they focused on the current and/or future scope of PGT,
were empirical studies evaluating attitudes towards PGT and had healthcare professionals as
the research population. There was no publication date cut-off.

The excluded publications were: non-empirical research (e.g. reviews, think pieces,

position papers, guidelines), empirical studies that did not focus on attitudes, studies that did
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not include PGT-M (and only PGT-A for example), studies with other populations than
healthcare professionals and studies in languages other than English. Studies that focused on
multiple populations, one of which being healthcare professionals, were included.

Only articles published in peer-reviewed journals were included. Books, book chapters,
conference abstracts and theses were excluded. In case of multiple articles resulting from one

research study, all articles were included.

Search outcomes

Our search identified 5412 articles. After deduplication using EndNote, 3388 articles remained.
The titles and abstracts were screened by two reviewers (M.S. and A.K.) individually based on
inclusion and exclusion criteria. Any disagreement between the reviewers was resolved by
discussion until consensus was reached. After excluding articles based on titles and abstracts,
45 articled remained. The full texts of these articles were screened by the same reviewers and
28 articles met the inclusion criteria. Snowball sampling did not lead to additional articles. The
additional search in Google Scholar led to one additional article (Olesen, Nor and Amin 2016),
resulting in a total of 29 publications: 12 qualitative, 16 quantitative and one mixed-method
study. As we aimed to synthesize in-depth understanding of the topic, we exclusively focused
on qualitative studies for this review. A total of twelve qualitative articles were included in the

review.

Quality appraisal

The Critical Appraisal Skills Program (CASP UK 2018) was used to assess the methodological
quality of the included articles (see Table 1). The goal was to identify whether studies had high,
moderate or low methodological quality. Quality appraisal was meant as informative, not as

formal evaluation. We thus did not exclude articles based on quality appraisal. Quality appraisal
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was conducted by three researchers (M.S., Z.C. and L.P.) and discussed collectively. All articles

had high or moderate methodological quality according to CASP criteria.
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Table 1 Quality appraisal of included articles

Data analysis

Thematic analysis was used to analyse the data. Firstly, all included articles were extensively

read. Secondly, the articles were summarized in order to extract the main themes of the studies.

Thirdly, we coded the parts of the included articles that investigated perspectives on the scope
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of PGT. We used section-by-section coding in order to gather the subthemes of the articles.
Lastly, data within each theme were carefully read in order to find similarities and differences
between the different articles. We also investigated links between the themes, leading to
grouping together several subthemes in overarching themes, in order to gather the main themes

of the articles.

Results
Study characteristics
Publication dates of the included articles ranged from 2005 until 2018. Four studies focus on
data from the United Kingdom (Ehrich et al. 2007; Farsides and Scott 2012; Scott et al. 2007;
Williams et al. 2007), three from the United States (Kalfoglou, Scott and Hudson 2005;
Klitzman 2018; Klitzman 2016) and one from Malaysia (Olesen, Nor and Amin 2016). Four
studies acquired data from a mix of countries (including Belgium, Czech Republic, France,
Germany, Greece, Hungary, Italy, the Netherlands and the United Kingdom) (Bredenoord et al.
2010; Hens, Dondorp and de Wert 2013; Hens et al. 2013; Soto-Lafontaine et al. 2018).

Different qualitative research methods were used to obtain data. Most studies used semi-
structured interviews (Bredenoord et al. 2010; Farsides and Scott 2012; Kalfoglou, Scott and
Hudson 2005; Klitzman 2018; Klitzman 2016; Olesen, Nor and Amin 2016; Scott et al. 2007,
Williams et al. 2007). The UK based articles used ethics discussion groups in addition to
interviews (Ehrich et al. 2007; Farsides and Scott 2012; Scott et al. 2007; Williams et al. 2007).
Various studies used expert panels or focus groups (Hens, Dondorp and de Wert 2013; Hens et
al. 2013; Soto-Lafontaine et al. 2018).

Most studies focused on a variety of PGT healthcare professionals, working in
embryology, clinical genetics, genetic counselling, fertility, reproductive endocrinology,

obstetrics and gynaecology, molecular and cyto-genetics, nursing, radiography and

10
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administration. A few studies focused both on PGT patients and healthcare professionals
(Kalfoglou, Scott and Hudson 2005; Klitzman 2018; Klitzman 2016). More details of study

characteristics can be found in Supplementary Table 2.

Defining the appropriate scope of PGT

Severity of the condition

Generally, given the goal of helping individuals have a healthy baby, healthcare professionals
saw ‘a serious genetic condition’ as an acceptable reason to use PGT. However, what exactly
qualified as ‘a serious genetic condition’, was sometimes difficult to distinguish, leading to
discrepancies among healthcare professionals. Generally, PGT was supported for lethal and
childhood-onset disorders, as these would impact quality of life extensively (Farsides and Scott
2012; Kalfoglou, Scott and Hudson 2005; Klitzman 2018; Olesen, Nor and Amin 2016; Scott
et al. 2007; Williams et al. 2007). Tay-Sachs disease and Cystic Fibrosis were mentioned as
conditions severe enough to request PGT (Hens et al. 2013; Kalfoglou, Scott and Hudson 2005;
Scott et al. 2007; Williams et al. 2007). Conditions that were less severe, adult-onset (with the
exception of Huntington’s disease) and/or not necessarily lethal created more doubts,
difficulties and discussions as to where to draw the line. Some agreed with PGT for adult-onset
diseases, such as breast, ovarian or colon cancer. Others did not see these as ‘serious enough’
to justify the use of PGT due to age of onset, variable penetrance and treatability (Farsides and
Scott 2012; Kalfoglou, Scott and Hudson 2005; Klitzman 2018; Olesen, Nor and Amin 2016;
Scott et al. 2007; Soto-Lafontaine et al. 2018; Williams et al. 2007). The level of suffering —
physical or mental — was seen as an important factor to assess severity. Here, both suffering for
the person with the condition and for the family of this person were considered, with some
arguing that, in the case of for example Down syndrome, “screening is really aimed at

prospective parents” as people with Down syndrome can lead happy lives (Scott et al. 2007).

11



215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

Requirements regarding severity for PGT was a reason for professionals to disagree with
PGT for non-health-related traits. For example, most professionals in the US study of
Kalfoglou, Scott and Hudson (2005) and a few professionals in the US study of Klitzman (2016)
opposed social sex selection. They argued the aim of PGT was to prevent suffering and disease
and that “sex/gender is not a disease” (Kalfoglou, Scott and Hudson 2005; Klitzman 2016).
Some professionals worried about gender discrimination and feared that social sex selection
could lead to a sex-ratio imbalance (Kalfoglou, Scott and Hudson 2005; Klitzman 2016).
Female clinicians were more worried about preference for male embryos than male clinicians
in the study by Klitzman (2016).

Concerns were also raised regarding implications of possible selection of non-health-
related traits in the future, such as height, intelligence or eye colour (Hens, Dondorp and de
Wert 2013; Hens et al. 2013; Kalfoglou, Scott and Hudson 2005). Professionals stated that
guidance and reflection was needed if this became possible (Hens, Dondorp and de Wert 2013).
However, in the study by Kalfoglou, Scott and Hudson (2005), professionals postulated that in
practice the use of PGT for non-health-related traits would be limited, because these traits are
likely polygenic and/or influenced by environmental factors. While professionals thought
patients might be interested in being able to select non-health-related traits as an ‘add-on’ to
PGT (Hens et al. 2013), they also thought patients would find the investment too substantial
both financially and physically to use PGT solely for selection of non-health-related traits
(Kalfoglou, Scott and Hudson 2005). Additionally, the study by Hens et al. with various
European PGT professionals, showed that not all professionals necessarily disapproved of PGT
for non-health-related traits, as selection of non-health-related traits was compared to other
types of parental pressure on children to be ‘perfect’ (Hens et al. 2013).

Selecting affected embryos was also discussed. For example, the issue of selecting

embryos for instead of against a certain condition was mentioned, such as selecting for deafness.
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Some professionals in the US study by Kalfoglou, Scott and Hudson were not comfortable with
selecting for a certain condition (Kalfoglou, Scott and Hudson 2005). Furthermore,
professionals in the Belgian/Dutch study by Hens, Dondorp and De Wert (2013) discussed
transferring embryos with trisomy-21. Some argued that professionals knowingly bringing a
child with a severe condition into the world was unacceptable. They felt a responsibility to
protect the welfare of the future child as well as to protect patients from making a choice they
might regret.

Lastly, severity was mentioned as an important factor in decision-making around
accepting an affected ‘last chance’ embryo when patients had no unaffected embryos available
after PGT. There were concerns in the European study by Soto-Lafontaine et al.(2018) about
the efforts and costs already made with PGT and about whether the parents would accept the
child, as they had explicitly wanted to avoid having an affected child. Others thought it was
logical that if parents could not have a healthy child, they would nevertheless want to have a
child that was biologically related to both of them and would therefore settle for transferring an
affected embryo, instead of opting for adoption or use of a gamete donor for example. For
conditions regarded as less severe, professionals were more likely to consider transferring an
affected embryo than for conditions seen as severe (Hens, Dondorp and de Wert 2013; Soto-
Lafontaine et al. 2018). In the future, comprehensive embryo testing, defined here as genome-
wide analysis of embryos, might change perspectives on affected embryos. If due to
comprehensive testing of the embryo, no embryo can be regarded as unaffected, it was
mentioned that principles of selection and transfer might have to be more flexible (Hens,

Dondorp and de Wert 2013).

Risk and penetrance of the condition
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Additionally, the level of risk and penetrance of the condition were considered relevant in
deciding on appropriateness of PGT (Farsides and Scott 2012; Klitzman 2018; Scott et al. 2007;
Soto-Lafontaine et al. 2018; Williams et al. 2007). Some professionals framed this significant
risk in quantitative terms, for example the risk being greater than in the general population
(Farsides and Scott 2012; Scott et al. 2007). Professionals saw conditions with variable
penetrance as a grey area of PGT, referring to the fact that the level of suffering and age of
onset can differ and that potential risk can be reduced through frequent monitoring and paying
attention to environmental factors and lifestyle (Klitzman 2018; Williams et al. 2007). A
professional in Williams et al.’s UK study said about penetrance that “once Huntington’s starts,
you will get it. This is not the case for conditions with variable penetrance, such as breast or
ovarian cancer, where “there is a probability of getting it, not a certainty” (Williams et al. 2007,
1099). In some situations, indicating a precise percentage of penetrance was not possible,
making decisions around penetrance more complex (Soto-Lafontaine et al. 2018). Additionally,
phenotypic expressivity, which determines the degree of clinical severity and can range from
asymptomatic to severe conditions, was mentioned as a factor in determining seriousness of a
condition (Klitzman 2018).

Furthermore, the issue of risk was considered in light of comprehensive embryo testing
and expanding the scope of PGT to include screening for complex disorders (Hens, Dondorp
and de Wert 2013; Hens et al. 2013). The uncertain predictive value and risk factors of complex
polygenic conditions as well as the lack of knowledge on meaning of genetic variations were
identified as limitations of screening for these conditions, in addition to the limited number of

embryos to select from (Hens, Dondorp and de Wert 2013; Hens et al. 2013).

Treatability of the condition
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Another relevant factor for PGT decision-making was treatability of a condition. If treatment
was available, professionals said they would be more hesitant to find PGT appropriate. With
treatment, quality of life might be less impacted and therefore seriousness of the condition could
be considered reduced (Klitzman 2018; Scott et al. 2007; Soto-Lafontaine et al. 2018; Williams
et al. 2007). Cystic Fibrosis (Klitzman 2018) and breast cancer (Scott et al. 2007; Williams et
al. 2007) were mentioned as conditions for which treatment is available, thereby affecting
perspectives on appropriateness of PGT. A professional in the UK study of Williams et al.
illustrated the issue of the seriousness of breast cancer as follows: “there is treatment, although,
you know, the treatment’s horrible, and some women will not survive it, but I think that’s not
a dead certainty. Huntington’s is a late onset condition, it’s horrible, it’s a nasty condition, it
has an impact on all members of the family, and if you’ve got the gene you’re going to get it
and there’s no treatment. With breast cancer, there is treatment” (Williams et al. 2007, 1099).
The availability of treatment, in addition to the issue of penetrance, thus mattered for deciding

on appropriateness of PGT for the condition.

Considerations in PGT implementation

Patient perspectives

Another element healthcare professionals saw as important regarding the use of PGT was
patients’ perspectives and previous experiences with a disorder (Farsides and Scott 2012;
Klitzman 2018; Scott et al. 2007; Soto-Lafontaine et al. 2018; Williams et al. 2007), although
not to the extent that “anything goes” (Scott et al. 2007). According to professionals, the fact
that patients requested PGT for a specific condition, showed that they viewed it as serious (Soto-
Lafontaine et al. 2018). Professionals’ interaction with patients in some cases also impacted
their views on appropriateness of PGT (Farsides and Scott 2012; Klitzman 2016; Scott et al.

2007). This was a reason why professionals in the UK study by Scott et al. did not think having
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a list of serious genetic conditions was useful or even possible. Instead, the study found that
guidance for professionals regarding factors to consider might be more valuable in helping

decide on appropriateness of PGT (Scott et al. 2007).

Reproductive autonomy and the role of the professional
While professionals generally wanted to respect patients’ reproductive autonomy, there was
tension between prioritizing this autonomy on the one hand and wanting to set limits on the
other hand (Hens, Dondorp and de Wert 2013; Kalfoglou, Scott and Hudson 2005; Klitzman
2018; Klitzman 2016; Olesen, Nor and Amin 2016; Soto-Lafontaine et al. 2018; Williams et al.
2007). Professionals argued that their task was to present information to patients to enable them
to understand the information, risks and uncertainties about PGT well enough to make informed
decisions (Ehrich et al. 2007; Hens et al. 2013; Kalfoglou, Scott and Hudson 2005; Klitzman
2018; Scott et al. 2007; Soto-Lafontaine et al. 2018). Informed decision-making was seen as
shared decision-making between professionals and patients (Kalfoglou, Scott and Hudson
2005; Klitzman 2018; Olesen, Nor and Amin 2016; Soto-Lafontaine et al. 2018). Differences
in perspectives on patient autonomy and role of the professional were also context-dependent,
for example regarding the country’s PGT regulations or legal understanding of autonomy in the
country (Soto-Lafontaine et al. 2018). Some professionals described themselves as ‘gate
keepers’, referring to the country’s situation where PGT is reimbursed and thus costs have to
be considered by professionals (Soto-Lafontaine et al. 2018). In contexts where PGT is offered
commercially, such as the United States, prioritizing reproductive autonomy of patients was
interlinked with a free-market approach and financial motivations of professionals (Klitzman
2016).

Regarding informed decision-making, some professionals argued certain types of

information could be difficult to understand for patients, such as mitochondrial genetics or
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comprehensive embryo testing including screening for complex conditions. This could make
informed decision-making and consent challenging (Bredenoord et al. 2010; Hens, Dondorp
and de Wert 2013; Hens et al. 2013). Additionally, there were worries that the complexity of
information could lead patients to ‘go along’ with professionals, thereby possibly making
autonomous decision-making difficult (Bredenoord et al. 2010; Ehrich et al. 2007). These
worries were also present regarding the inclusion of a form of PGT as an ‘add-on’ to the original
PGT indication or IVF request, for example screening for complex polygenic conditions or
chromosomal abnormalities next to requested screening for a specific genetic disorder.
Additional complexities identified were the probabilistic nature of screening for complex
conditions that might be difficult to understand for patients and the fact that as an ‘add-on’
patients likely would not have personal experience with the conditions screened for (Hens,
Dondorp and de Wert 2013; Hens et al. 2013). Some professionals found adding a form of PGT
as an ‘add-on’ potentially valuable, while others worried that this might make it more complex
for patients to make well-informed decisions, as “there is potentially an explosion of choices
and technological possibilities that couples may believe are necessary to explore or feel they
cannot refuse” (Hens et al. 2013, 1421). Expanding the scope of PGT would not necessarily
make informed decision-making easier for patients. On the contrary, the amount of choices and
the accompanying complexity of information and responsibility could also feel like a burden
(Williams et al. 2007). The complexity of the information was a reason for professionals to
argue against screening for complex conditions (Hens, Dondorp and de Wert 2013). Another
worry regarding widening the scope of PGT and considering risk factors for complex conditions
was that there might not be so called unaffected embryos left. Selecting a ‘healthy’ embryo
would no longer be possible, instead having to choose the embryo with the best health profile,
which could lead to increasingly difficult decision-making by the professionals and/or couple

involved (Hens, Dondorp and de Wert 2013; Hens et al. 2013).
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Discussion

This review has shown that there are various elements to consider regarding the appropriate
scope of PGT. Most healthcare professionals saw ‘a serious genetic condition’ as an appropriate
reason for PGT. While the use of PGT was supported for lethal and childhood-onset conditions,
opinions varied regarding (1) conditions that are adult-onset, non-lethal and/or treatable, (2)
conditions with variable penetrance, and (3) non-health-related traits or selection for a specific
condition. The review by Lemke and Rippel (2018) similarly found that support for PGT for
fatal conditions is larger than for late-onset and treatable conditions; however, in general,
attitudes regarding the scope of PGT are ambivalent. This means that drawing the boundaries
of the seriousness of a condition is not a clear-cut procedure with a checklist of what indications
warrant PGT.

With the recent initiation of PGT-P in practice, where testing is done for risk of various
polygenic conditions, this discussion about seriousness might become even more difficult
(Lazaro-Munoz et al. 2021; Treff et al. 2019). Consequently, concerns about selection of non-
health related traits that were mentioned by professionals in this review might become a reality.
Additionally, PGT-P can only screen for increased risk of one or more of these conditions or
traits and not give a definitive yes or no answer (Treff et al. 2019). This makes the question of
whether a condition is serious enough to screen for even more complex. Furthermore, as was
also stated by healthcare professionals regarding the hypothetical offering of comprehensive
embryo testing, screening for multiple conditions might make choosing the ‘best’ embryo
complicated as all conditions are seen as ‘serious’, which could lead to all embryos being seen
as ‘affected’ and possibly rejected (Hens, Dondorp and de Wert 2013; Hens et al. 2013; Treff

etal. 2019).
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Professionals also saw the patients’ perspective as highly relevant in determining the
seriousness of a condition and the appropriateness of PGT. This corresponds with guidelines
from the European Society of Human Reproduction and Embryology (ESHRE), the American
Society for Reproductive Medicine (ASRM) and with the UK Human Fertilisation and
Embryology Authority (HFEA) that highlight the importance of the patients’ perception of the
seriousness of the condition and the role of reproductive choice (De Wert et al. 2014; Ethics
Committee of the American Society for Reproductive Medicine 2018; Williams et al. 2007).

Reviews on patients’ PGT perspectives show that the patient’s personal experience of
being diagnosed with cancer (instead of a malignancy for hereditary cancers) played a role in
consideration of using PGT (Fortuny et al. 2009; Karatas et al. 2010) and that those with
increased risk of hereditary breast and ovarian cancer themselves largely supported PGT for
these conditions, though most did not necessarily want to use PGT themselves (Quinn et al.
2012). While acceptability of the use of PGT for a condition and take-up of the technology thus
would not necessarily go hand-in-hand, this does correspond with the emphasis professionals
put on patient’s personal experience with a condition mattering in their view on appropriateness
of PGT. Furthermore, the emphasis professionals put on the personal experience of patients
regarding appropriateness of PGT, make clear that PGT guidelines need to ensure that this
element is considered next to more formal requirements and professionals’ opinions of the
seriousness of a genetic condition.

Whereas PGT-M tests embryos for a condition that is directly inherited and thus often
known in the family, family history might not be a requirement for PGT-P, meaning the
patients’ experience of a condition would not necessary be present in the same way with PGT-
P as with PGT-M (Hens et al. 2013; Lazaro-Munoz et al. 2021). Furthermore, PGT-P can screen
embryos for various polygenic conditions simultaneously, with patient experience possibly

differing for the conditions. The question is then to what extent patients’ viewpoints would need
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to be involved in deciding on the appropriateness of PGT, regardless of their experiences with
certain conditions. This could lead to additional difficulties around the role of professional and
of the patient in decision-making (Hens, Dondorp and de Wert 2013).

While this review highlights that professionals attached great value to the patients’
perspective in deciding on appropriateness of PGT, the tensions between reproductive
autonomy, professionals’ role and informed-decision making also led to difficulties.
Professionals were for example worried that information, especially regarding comprehensive
embryo testing and screening for complex conditions, would be difficult to understand for
patients, which could compromise reproductive autonomy. Similar to Zeiler’s (2004)
examination of reproductive autonomy in PGT, this review shows that reproductive autonomy
is not the same in theory as in practice. Referred to as “the paradox of increased choice” (Zeiler
2004), PGT can be empowering to patients, but they can also find it difficult to make decisions
around PGT (Hughes et al. 2021). As well, the existence of PGT itself can make patients feel a
moral obligation to use the technology and a genetic responsibility not to pass on a condition
(Genoff Garzon et al. 2017; Lemke and Ruppel 2018). This not only could lead to a ‘burden’
of choice for patients, but could additionally be seen as providing moral judgement about the
lives of those affected by the condition (Lemke and Ruppel 2018). This is echoed by
professionals in this review that stated that having more options does not necessarily lead to
increased informed decision-making. This possible ‘burden’ of choice is essential to consider
in regards to the future of PGT and PGT-P, where patients might have even more choices to
make, as various conditions and risk indications would have to be considered (Lazaro-Munoz
et al. 2021; Pagnaer et al. 2021).

This review also highlights that opinions varied both between as well as within contexts.
Professionals were more likely to prioritize reproductive autonomy in commercial settings with

a free-market approach, such as the United States. In European countries where PGT is
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reimbursed through healthcare, focus was more on shared decision-making. This illustrates the
influence of context and local regulations on professionals’ perspectives on the autonomy of
patient and professional. Next to regulations and norms in the country, this review demonstrates
that both personal attitudes and professional experiences play a role in opinions on the
appropriate scope of PGT. It is important to recognize that both contextual as well as personal
factors play a role for healthcare professionals when it comes to (decisions around)
appropriateness of PGT.

Another relevant issue to consider is the value of PGT as so-called preventative
medicine as de facto effect next to the main aim of providing prospective parents with
reproductive options. If prevention of conditions is considered with PGT, questions arise as to
whether use for adult-onset, not-lethal and/or treatable conditions would be justified (Krahn
2009; Wasserman 2003). For many conditions, costs for PGT-M (including IVF) are much
lower than the costs of living with a certain condition that PGT could have prevented. Even for
conditions that are treatable, costs of treatment and life impact including lost wages might
outweigh costs of the PGT procedure. PGT for adult-onset, not-lethal and/or treatable
conditions might thus be beneficial for the health system and healthcare budget (Kemper,
Gyngell and Savulescu 2019). This is reflected by the Ethics Committee of the ASRM, who
state that “cost reasons also support the reproductive liberty to choose PGT-M in cases of some
adult-onset conditions™ as costs of managing a later-onset condition might be much larger than
the costs of PGT (Ethics Committee of the American Society for Reproductive Medicine 2018,
990).

While PGT-P does not test for a specific condition and instead screens for various
complex conditions, the possible use of the technology as preventative medicine is interesting
to consider. This is also considered in media coverage of PGT-P (Pagnaer et al. 2021).

Additionally, professionals in the study by Hens, Dondorp and de Wert state that only selecting
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healthy embryos might save costs for the public health care system (Hens, Dondorp and de
Wert 2013). However, the utility and predictive power of PGT-P is generally considered low,
challenging its usefulness and its benefits for preventative medicine and saving of healthcare
costs (Karavani et al. 2019; Lazaro-Munoz et al. 2021; Turley et al. 2021). Furthermore, even
if the technology proved accurate and useful, the costs of the technology might make it
impossible for some to use it as preventative medicine, due to unequal access (Pagnaer et al.
2021). Next to that, polygenic risk scores are developed using genome-wide association studies
of people of mainly European ancestry, meaning these risk scores are less accurate for people
of non-European ancestry (Lazaro-Munoz et al. 2021; Turley et al. 2021).

In this discussion we have shown how the questions around the ‘seriousness’ of
conditions, selection of non-health-related traits and questions of reproductive autonomy,
reproductive ‘burden’ and the role of the professional are crucial to consider for potential
implementation of PGT-P. Future research should also consider current perspectives of
healthcare professionals on the themes identified and discussed in this review in light of PGT-
P. In a recent study on the perspectives of genetic counsellors in the United States on PGT-P, it
became clear that they do not currently feel comfortable offering PGT-P, due to the idea of
eugenics and due to limitations in research, patient and provider education and accessibility
(Terek et al. 2021). It is necessary to critically research various stakeholder views on this in
order to analyse if and how ethical implementation of new PGT technologies such as PGT-P

would be possible.

Limitations
A limitation of this study is that only peer-reviewed qualitative studies were included.
Quantitative articles, book chapters and theses might provide additional valuable information

on the topic. Furthermore, only English publications were included, and the variation in
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geographic locations of the included studies was limited: most studies focussed on the United
States, the United Kingdom or a mix of Western European countries. This review did not touch
upon how the socio-historical context, cultural beliefs, social values and the demographic
characteristics of healthcare professionals could have impacted their perspectives. Part of this
was due the included articles themselves not focusing on these aspects substantially. However,
not addressing the full context and demographics could lead to a potential bias in the review.
Lastly, all articles focusing on the United Kingdom were part of the same study (Ehrich et al.
2007; Farsides and Scott 2012; Scott et al. 2007; Williams et al. 2007), two of the articles
focusing on the United States were also part of one study (Klitzman 2018; Klitzman 2016) and
four articles focussing on professionals from various countries were done by researchers from
the same centre (Bredenoord et al. 2010; Hens, Dondorp and de Wert 2013; Hens et al. 2013;

Soto-Lafontaine et al. 2018).

Conclusion

In this review, we analysed twelve qualitative studies regarding perspectives of healthcare
professionals on the appropriate scope of PGT. Defining what counts as a ‘serious genetic
condition” was seen as complex, with severity, high penetrance and lack of treatability and the
patients’ perspective seen as the most prevalent factors. Professionals highlighted tensions
between respecting patients’ autonomy and the professional’s role in limiting PGT. They found
reproductive autonomy important, but also envisioned challenges to this autonomy, such as
with regards to informed decision-making. These tensions emphasize that while expanding the
scope of PGT can promote patients’ reproductive autonomy, it can also lead to an increased
genetic responsibility and reproductive ‘burden’. PGT-P could augment the difficulties of these
ethical tensions, as screening can be done regardless of family history for risk indications of

multiple polygenic conditions that might be adult-onset, treatable and with varying degrees of
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severity. This might make the development of guidelines and informed decision-making even
more complex. The use of PGT as preventative medicine raises various issues with PGT-P as
well, such as the costs and benefits, the accurate prediction power and social equality issues.
This review demonstrates that the key ethical issues identified in healthcare professionals’
perspectives on PGT are crucial to consider for the future of PGT-P. Furthermore, this review
has made clear that it is necessary to take various stakeholder perspectives, including those of
healthcare professionals, into account in order to get the full picture of intricacies of PGT
decision-making. When creating guidelines for PGT or specifically PGT-P, these nuances and
perspectives have to be considered in order to provide guidelines that can be seen as ethically

just by healthcare professionals, patients and society at large.
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