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guidance for process evaluations.
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Change to Workstream -2 to remove the interviews
with parents who have not been offered exome
sequencing.

Removal of NGIS as a data source as this system has not
been introduced for R21 in the Genomic Medicine
Service.
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22/05/2023 Addition of an ev§luat|on of an animation describing
Melissa prenatal sequencing for parents to WS2

Hill Addition of a variable to be tested in the analysis
described in WS3
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Scientific Abstract

BACKGROUND: From October 2020 the new NHS Genomic Medicine Service will offer fetal exome
sequencing (ES) for pregnancies where fetal anomalies identified by ultrasound are likely to have a
genetic aetiology, as judged by a clinical geneticist. Fetal ES will be delivered through seven new
genomic laboratory hubs (GLHs) across England. Fetal ES is an innovative new test with the potential
to significantly improve NHS prenatal diagnostic services by increasing genetic diagnoses in a
timeframe that informs prenatal decision-making. Fetal ES has not, however, previously been offered
routinely in a national healthcare system and there are only minimal guidelines for its use. Research
is urgently needed to guide implementation to maximise benefits for parents while optimising NHS

resources

AIM: To conduct a formative and summative mixed-methods evaluation of the new fetal ES service
that will provide feedback to ensure national delivery of an equitable, acceptable, ethical, robust and
cost-effective care pathway that improves the quality of care for parents undergoing prenatal

diagnosis in fetuses with anomalies likely to have a genetic aetiology

METHODS: A Steering Committee with academic, professional and patient members will provide
oversight and a Patient and Public Involvement Advisory Group will input into all activities. Study
design draws on a framework developed in previous studies of major system innovation. There are six
interrelated workstreams (WSs). WS1 will use staff interviews, surveys, non-participant observations
and documentary analysis to determine clinical care pathways and produce in-depth case studies at
each GLH. Data collection at multiple time points will allow tracking of service changes over time. In
WS2 qualitative interviews with parents offered fetal ES or with previous experience of fetal anomalies
will explore views and establish information and support needs. WS3 will analyse testing data over a
12-month period to establish service outcomes (diagnostic yield, referral rates, referral sources, final
diagnoses). Data sources include; GLH and fetal medicine databases. Statistical comparisons will
identify factors (individual or service-related) associated with variation in outcomes. WS4 will use
workshops to identify and analyse practical ethical problems arising in the implementation of fetal ES
and develop an ethical framework for an optimal and equitable service. WS5 will determine costs and
cost-effectiveness of fetal ES versus standard tests and evaluate costs of implementing an optimal
fetal ES pathway. WS6 will integrate all findings and conduct workshops to determine the key features
of an optimal care pathway from a service delivery, patient and professional perspective. Wide

dissemination will include peer reviewed publications, reports, policy statements and lay summaries
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MAIN BENEFITS: The proposed formative and summative research will inform the development of a
fetal ES service that delivers equity of access and high standards of care across England with an
associated improvement in prenatal diagnostic services and benefits for patients. Findings will be
shared on a regular basis to facilitate improvements in service delivery. This work will also be an
exemplar for evaluating other aspects of the Genomic Medicine Service and, as the NHS is an early

adopter, our findings may be useful to others internationally as they implement similar services
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Background

In October 2018 genetic services across England were reconfigured to establish a national Genomic
Medicine Service based around seven GLHs that aim to deliver consolidated, state of the art, high
throughput and high-quality genomic testing with equity of access for patients across the NHS. The
Genomic Medicine Service is a world leading initiative building on work done in the 100,000 Genomes
Project to embed genomic testing in clinical care for improved diagnosis and management of patients
with rare and inherited disease and cancer. As part of this service rapid fetal ES will be offered for
pregnancies where anomalies identified on fetal ultrasound are considered likely to have a monogenic
aetiology. Fetal ES is an innovation in diagnostics, with the potential to significantly improve diagnosis
and thus impact on pregnancy management. To date in England, fetal ES has only been used in a
research setting.” 2 Offering fetal ES as a national service requires independent evaluation to develop
evidence-informed best practice guidance to maximise benefits, minimise harms and ensure patient
and professional views are considered. We will conduct a prospective evaluation to identify challenges
(laboratory, clinical, service delivery and ethical), assess patient and health professional views and
their educational needs, and determine overall costs and benefits. We will bring together quantitative
data on costs and patient pathways, combining these with qualitative data on stakeholder experiences

and systematic analysis of ethical issues to generate clear recommendations for service delivery.

Fetal anomalies occur in ~2-5% of pregnancies and cause ~20% of perinatal deaths.>® Accurate
diagnosis is required to aid parental counselling and decision-making. Traditionally, prenatal genetic
testing has been limited to techniques that identify whole chromosome or relatively large
chromosomal changes. In combination these diagnose ~40% of fetal anomalies but cannot detect
small changes that cause many genetic disorders, thus the majority of cases remain undiagnosed.
Clinicians have relied on time-consuming targeted testing of single genes or small gene panels to
explore a potential genetic diagnosis, which may in itself be further complicated by incomplete
phenotypic information due to the gestational age or inherent limitations in fetal ultrasound. Fetal ES
can improve prenatal diagnosis by increasing analysis resolution down to the level of a single base-
pair, casting a wide diagnostic net across multiple genes, which is particularly valuable as the fetal
phenotype based on sonographic findings is often not specific to one condition. Further, when
performed with rapid analytical laboratory processes, turnaround times allow results to be made
available within the current pregnancy. As a result fetal ES has the potential to significantly improve
NHS prenatal diagnostic services by increasing the number of genetic diagnoses made in a timeframe
that informs parental decision making and clinical management during pregnancy.” ® An accurate

genetic diagnosis will improve parental counselling regarding prognosis for their baby, informing
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decision-making in pregnancy and plans for delivery and treatment. It also circumvents the pre- and
postnatal ‘diagnostic odyssey’ and allows accurate counselling about recurrence risk for future

pregnancies to guide reproductive choices.

There are, however, practical, organisational and ethical challenges requiring consideration when
implementing fetal ES as a national service.” For example, how can equity of access across the country
be achieved? What information and support do patients need? How can we maintain informed choice
when offering complicated testing that may additionally identify genetic diseases or predisposition to
cancer in a parent or future child? What health professional training is needed? How can
communication across specialties (genetics / fetal medicine / laboratory) be supported? What are the
costs of fetal ES and how do these compare with standard tests? What are the limitations in prenatal
ultrasound-based phenotyping? Will there be unintended consequences and how can we minimise
potential harms? These challenges require careful evaluation and raise questions about service

delivery, information provision and consent processes for families.

On October 2020 fetal ES will become part of the new national NHS Genomic Medicine Service test
directory, available in all pregnancies complicated by fetal anomalies with a likely monogenic
aetiology. To date, there is no published research on public sector implementation of fetal ES for
prenatal diagnosis, indeed professional guidance emphasises the need for data on the implementation
of fetal ES.® This research is necessary to identify challenges arising and ensure fetal ES is implemented
in a manner that is efficient to the NHS, acceptable to parents and professionals, whilst maximising

patient benefit.

A systematic literature review of prenatal genomic sequencing studies that included published studies
and conference abstracts,! found diagnostic rates varied between 6% and 80%, with more recent
studies showing yields between 20% and 32%.% %! Differences in inclusion criteria and trio (parents
and fetus) versus fetus only sequencing largely account for the range of diagnostic rates. Reports
suggest diagnostic yields will be greater in fetuses with multiple anomalies®? or in cases preselected
following genetic review’. With fetal ES delivered from seven GLHs there is the potential for wide
variation in referrals, uptake and diagnostic rates. It is crucial that we evaluate this service to
determine how best to triage cases and provide guidelines to support an equitable and efficient
national service. Moreover, as it is highly likely that differences will arise in how GLHs and clinicians
include ES in clinical practice, with further variation reflecting the size of the regions served and socio-

economic factors, a key component of our work will be a comparison between GLHs with an emphasis
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on capturing changes, contextual moderators and learning over time, to identify optimal processes in

delivering this innovative service.

As well as establishing rates of referral and diagnosis across England, we will also consider practical,
ethical, social and economic issues. Practical issues such as turnaround times are critical in the
prenatal setting as parents will use test results for decision making, including termination, pregnancy
management and delivery planning. A recent review of ethical issues’ showed that integrating fetal ES
into clinical care will involve multiple considerations around how the tests are offered, what results
are reported, identification of secondary findings and variants of uncertain significance (VUS),
implications for other family members, management of genetic privacy and data protection, and the
importance of ensuring informed consent.” Evaluation of these issues following clinical

implementation is key to equitable and efficient service delivery.

The cost effectiveness of fetal ES has not been formally evaluated. In addition, very few empirical

13-15 16,17

research studies have looked at the views and preferences of parents or health professionals.
These studies, mainly based around hypothetical scenarios, largely support offering prenatal
sequencing but raised concerns over the potential for increased parental anxiety, management of
parent expectations, cost, which results to report and when to reinterpret results, and highlighted the
need for health professional education and new approaches to genetic counselling that avoid
information overload and yet support informed choice during a distressing and time-pressured
period.™ ¢ It will be important to consider how to counsel parents around the range of findings and
possible uncertainty. Recent research with parents given uncertain findings on prenatal microarray

revealed minimal impact on wellbeing, but dissatisfaction with genomic testing and a need for

additional support.1®

Another important focus for our research will be to look closely at the potential impact of
implementing fetal ES on various community groups, including communities where interfamilial
marriages are common. Recent research in the UK gathering the views of professionals and lay
stakeholders has highlighted the need for consistent national policy relating to the increased genetic
risk associated with customary consanguineous marriages and the need for further research in this

area was noted.?®

In the new Genomic Medicine Service, fetal ES will be offered across England through all seven GLHs

- the first national public sector service to be offered worldwide. Current guidance on how fetal ES
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should be delivered is minimal and this study is an opportunity to evaluate the fetal ES service at its
inception and produce national guidance on implementation and care pathways that will influence
how the service is delivered as it moves forward. In this study we will learn what practices work well
(and why) to inform development of national guidance for an equitable, ethical and robust service
that is acceptable to all stakeholders. We will also be well positioned to identify, early on within the
process of implementation, any unintended consequences or potential harms/risks for parents, staff

or organisations delivering fetal ES.

Aims and Objectives

Aim

To conduct a formative and summative mixed-methods evaluation of the new fetal ES service to
deliver feedback that will ensure national delivery of an equitable, acceptable, ethical, robust and
cost-effective care pathway that improves the quality of care for parents undergoing prenatal

diagnosis in fetuses with anomalies likely to have a genetic aetiology.

Objectives

1. Determine the clinical care pathways for fetal ES in each of the 7 Genomic Laboratory Hubs

2. Establish whether fetal ES is understandable and acceptable to key stakeholders

3. Identify the education and information needs of parents and health professionals, and how
they are best addressed

4. Establish the outcomes (diagnostic yield, referral rates, sources of referral, final diagnoses) of
the fetal ES service, compare these between regions and identify any factors (individual or
service-related) associated with variation in outcomes

5. Identify any new ethical issues arising from offering the fetal ES programme in the NHS and
explore how health professionals can best be supported in addressing them

6. Determine the key features that constitute the optimal fetal ES pathway from a service
delivery, patient and professional perspective

7. Generate new evidence of the cost of fetal ES versus standard tests for diagnosing fetal
anomalies

8. Establish the cost and cost-effectiveness of implementing the optimal fetal ES pathway

9. Provide formative feedback to stakeholders for the developing fetal ES service
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Methods

Study Design and Conceptual Framework

In this study we will evaluate a research innovation (fetal ES) as it shifts to clinical practice
nationwide within a wider and newly configured service (the NHS Genomic Medicine Service).
We will draw on a framework developed in two other studies of major system innovation which
highlighted the key processes: the decision to change; developing and agreeing new service
models; how changes are implemented; and implementation outcomes (Fig 1).2% 2! In this
study the evaluation of the outcomes of the fetal ES service (what works and at what cost) will

be grounded in our understanding of the planning and implementation of the service (how and

why).

Decision to
change
‘\

\ Decisions on
\ care pathways

Y

Implementation
approaches

“What works at what cost”

Clinical outcomes (WS3)

Diagnostic yield, referral rates, sources of

referral, final diagnoses

« National Genomic Information System
(NGIS)

« National Congenital Anomaly and Rare
Disease Registration Service (NCARDRS)

« NHS Digital

* GLH/FMU databases

Costs and cost-consequences (WS5)

* NGIS / NCARDRS / GLH / FMU databases

+ Cost data, resource use, parent survey

s

Fetal ES service outcomes

“How and Why”
Methods: Qualitative interviews, focus groups A .
and workshops (WS1, 2, 4 & 5), documentary E"'de';;febase‘j OS:'C':)';a;S

analysis (WS1), non-participant observations
(WS1), descriptive survey (WS1), Literature \

review (WS1 & 4) and ethical analysis (WS4) ~ ~~<__ e
Sampling: Nafional: NHS England, Genomics | === - Parent . ,,/"/
England, Public Health England, Commissioners. experience c%ﬁthﬁ:r?s;s -

Local GLH: Professionals (from fetal medicine,

genetics and clinical science) and parents

Fig 1: Conceptual framework underpinning our evaluation of the ES service. Adapted from Fulop et

a|3,4

Understanding how fetal ES fits within existing NHS care pathways, screening protocols and local
health networks will be critical since we anticipate staff will have to coordinate new diagnostic
activities around existing services and processes. We will therefore need to understand how
adaptation and coordination are evolving in practice. For example, cooperation between the seven
GLHs nationally and between staff and existing maternity services within regional health systems may
be critical to the timely delivery of useful diagnostic information to parents to inform decision making.
This requires consideration of the wider implementation context (local, organisational and health
system) and the complex and dynamic nature of implementation.? The core construct of “innovation
features” encourages us to consider the evidence for the innovation and the potential for unintended

consequences or harms which are critical in an evaluation of implementing this very new test.
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Our mixed-methods programme of research will combine qualitative analyses of the service (WS1),
stakeholder perspectives (WS1 and WS2) and analysis of ethical considerations (WS4) with
guantitative analyses of clinical outcomes (WS3) and cost effectiveness (WS5). A nationwide
evaluation that includes all seven GLHs will allow us to look at different organisational contexts and
make comparisons of the service delivery and attitudes across GLHs. As our research will commence
in the first year of the fetal ES service we have proposed a formative evaluation that will deliver lessons

for the developing service within the timeframe of the study.

Study oversight
The study will have oversight from a Steering Committee and a PPl Advisory Group (PPIAG). The PPIAG
will input into all aspects of the project, bringing the perspective of parents to our study to ensure

that patient and public priorities and needs are central to the research.

Setting

The focus of our study is the national implementation of fetal ES, within the newly reconfigured NHS
Genomic Medicine Service in England. The NHS Genomic Medicine Service (GMS) consolidates all
genomic testing into a unified national service that is delivered through seven regional NHS Genomic
Laboratory Hubs (GLHs) and their linked NHS Genomic Medicine Service Alliances (GMSAs) with a
national Genomic Test Directory which dictates which genomic tests are available through this service.
Fetal ES will initially be performed through two of the seven GLHs (North Thames GLH and Central and
South GLH) who will be referred parents from throughout the UK. Fetal ES will ultimately be delivered
through all seven GLHs and the 17 genetic services that underpin them. Parents will be referred from
fetal medicine units (FMUs) and clinical geneticists in their defined geographical areas. As such, the
setting for all WSs will be the seven GLHs and their linked clinical genetic services and FMUs. To
compare service organisation, delivery and attitudes across the GLHs, case studies will be conducted
in each GLH. Recruitment of health professionals and parents will be from each GLH thereby including
multiple fetal medicine and maternity units across England to ensure representation of each GLH and
maximal variation in the ethnic and social diversity seen in the populations attending the units in each

GLH’s geography.

The seven GLHs are;
e NHS Central and South GLH led by Birmingham Women’s & Children’s NHS Foundation Trust

e NHS East GLH led by Cambridge University Hospitals NHS Foundation Trust
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NHS North West GLH led by Manchester University NHS Foundation Trust

e NHS North Thames GLH led by Great Ormond Street Hospital for Children NHS Foundation
Trust

e NHS South East GLH led by Guy’s and St Thomas’ NHS Foundation Trust

e NHS South West GLH led by North Bristol NHS Trust

e NHS North East and Yorkshire GLH led by The Newcastle upon Tyne Hospitals NHS Foundation

Trust

The key stakeholder groups involved in the study are;

e Parents who will be offered fetal ES in the new service.

e Parents with previous experiences of fetal anomalies

e Lay groups that support parents undergoing prenatal testing

e Health professionals offering, coordinating and delivering fetal ES

e NHS Commissioners

Throughout the study outputs will be fed back to the fetal ES service through quarterly reports both

to the NHS Genomics Laboratory Hub Partnership Board, and other relevant bodies.

Workstream 1. Define the clinical care pathways across the GLHs and identify facilitators,
barriers and unintended consequences of service delivery

The objective of this WS is to gain a detailed understanding of the fetal ES care pathways in the seven
GLHs, examine the implementation processes that emerge in practice, and gather professional
perspectives of any implementation issues. This will lead to the development of a model of the optimal

care pathway.

WS1 will run for the duration of the study in order to capture any changes in process over time and
allow assessments at different stages of implementation. Qualitative data about the service will be
collected at multiple points; e.g. surveys with health professionals in Months 6-12 (Phase 2),
qualitative interviews with health professionals in Months 24-33 (Phase 3) and 6 monthly phone calls
to a key contact at each GLH to monitor change with a standardised question list. Crucial points when
offering fetal ES that will require particular attention are: case selection (a key determinant of
diagnostic yield), links between fetal medicine, clinical genetics and laboratories, laboratory pipelines,

the interpretation and reporting of results and turn-around times for results.
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Phase 1: Understanding the goals and challenges for the current service
In the first 6 months of the study we will use three approaches to gain an understanding of the

anticipated goals and early challenges for offering fetal ES in the new Genomic Medicine Service.

1) To identify key challenges for service delivery we will conduct a mixed-methods systematic
literature review on the use of fetal ES in both research and clinical settings worldwide.
Research questions for this review will include; In what settings has fetal ES been offered?
What evaluations of fetal ES services have occurred (if any)? What can we learn from other
settings that is relevant to implementation in the NHS? The review will be conducted
according to PRISMA-P guidelines?® and included studies will be critically appraised using the

Kmet tool.?”’

2) To explore the drivers of implementing fetal ES in England and to examine the overarching
ambitions and potential challenges for the service we will conduct 8-10 interviews at a
national level with key staff from NHS England, Public Health England and Genomics England.
We will also undertake a documentary analysis and collect any available business case and

policy documents relating to the implementation of fetal ES.

3) To gather the views of staff we will conduct qualitative interviews with 2-3 participants from
each GLH. The clinical geneticists involved in leading the implementation of the service and
other professionals from fetal medicine, genetics and clinical science will be invited to
participate. By conducting interviews with professionals from each GLH we will identify
potential regional differences. The interviews will explore health professionals’ ambitions for

the service, current challenges in delivery and plans for changing and developing the service.

Phase 2: Establish emergent care pathways and produce an overview description of services
In months 6-18 of the study, we will use two approaches to produce a taxonomy of the different care

pathways and service delivery descriptions emerging in practice for all seven GLHs and the 17 genetic
services that underpin them. Some examples of the information we will gather include phenotypic
and other criteria for referral for fetal ES, proportion of FMUs making referrals, evidence of
interactions between FMU, genetics and laboratory teams, turn-around times for results and
reporting criteria. This work will document early indications of consensus and variation in service
delivery, organisation and design and will form the foundation for understanding why the different

networks vary in service provision (if they do), and how processes then change over time.
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1) Survey with professionals across the seven GLHs: We will survey clinical and laboratory staff
working in the seven GLHs and the 17 regional genetics services and fetal medicine units that
refer to the GLHs across England. The development of survey content will be informed by the
data collected in Phase 1. The survey will determine how eligibility criteria are applied,
consider information available to clinicians (such as high-quality ultrasound scans for
phenotyping), explore training and education needs and overall views. We will also examine
referral pathways and patient flow from general maternity units to fetal medicine units to
genetics services. The research team will identify 15-20 relevant staff from each GLH and invite
them by email to take part in an online survey. We will purposively sample health
professionals from a range of backgrounds including clinical geneticists, genetic counsellors,
fetal medicine consultants, midwives and clinical scientists. Professionals with clinical
responsibilities and those undertaking laboratory work will be represented, as differences of
opinion between these groups has been reported in studies of ethical issues in reproductive
genetics.?® At the end of the survey we will ask professionals if they would be willing to take
part in a follow-up qualitative interview that will probe their responses to the survey in more
depth. A sub-set of these professionals from a range of backgrounds and geographies will be

contacted to take part in the follow-up interview.

2) Monitoring of service delivery over time: Every 6 months we will speak with a key contact at
each GLH to ask a standardised list of questions that will allow us to monitor service delivery

and changes to care pathways.

Phase 3: In depth case studies
It has become clear that each of the 17 genetics services in England have implemented their own

individual pathways and processes for the implementation of fetal ES and the service is not uniformly
delivered within each GLH/GMSA. The analysis will take this into consideration and look at service
delivery and care pathways at each of the 17 genetics services. We will produce an in-depth case
studies of fetal ES services for all 17 genetic services. We will refer to MRC guidance® on the conduct
of process evaluations for studying the implementation of complex health interventions. We will
explore implementation processes, mechanisms of impact and local factors.®® As the fetal ES service
is entirely new to the NHS there is no baseline, so case studies will address how the service is being
delivered against service objectives, aspirations and adaptations, and the plans identified by

professionals in Phase 1 and 2.
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We will use a case study approach3!3 to data collection. Qualitative data will be collected from semi-
structured interviews with staff from each of the 17 genetics services from a range of backgrounds,
key documents, non-participant observations of relevant team meetings in each GLH and two focus
groups with fetal ES service leads from the 17 genetics services. To gain insights into the views of some
religious and ethnic minority groups, hospital chaplains will be included in the staff interviews as faith-
based authorities. Interview and focus group questions will be developed based on literature review
and the findings of phase 1 and 2 to probe service delivery issues (e.g. unexpected consequences or

difficulties, and how overcome), local variations and professional perceptions of running this service.

For the documentary analysis we expect to collect;
e policy documents relating to fetal ES
e patient information sheets and consent form templates
e training records / training content
e |ocal unit meeting minutes where fetal ES is a focus
e service specifications

e standard operating procedures (SOPs)

Phase 4: Development of the optimal fetal ES care pathway
Data from all phases will be collated with available data from other study arms to develop an early

model of the optimal care pathway that will be used for the economic analysis (WS5).

Recruitment of professionals

To recruit professionals to semi-structured interviews, focus groups and the survey professionals from
relevant backgrounds will be identified by the research team with the help of the local Pl at each GLH
and will be invited to take part in the study. We will purposively sample health professionals from a
range of backgrounds including clinical geneticists, counsellors, fetal medicine consultants, midwives,
clinical scientists and hospital chaplains. An invitation email along with a participant information sheet
describing the purpose of the study will be emailed to potential participants. For the non-participant
observations we will notify the attendees in advance of the meeting of our intention to observe the

meeting and obtain written consent at the time of the meeting.
Data analysis

Interviews and focus groups will be digitally recorded and professionally transcribed verbatim. All

qualitative data (interviews, focus groups, observations, fieldwork notes, survey responses (open-
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ended questions and comments) and documents) will be anonymised and then analysed using the
principles of thematic analysis.3* Data analysis will combine inductive and deductive approaches.*®
Data will be coded into meaningful units of text and then grouped into broader categories and themes
that will be progressively reviewed and redefined. Qualitative data will be managed using NVivo
version 12 (QSR International, Pty Ltd). To ensure the validity and rigour of the analysis two
experienced qualitative researchers will conduct the analysis according to recommended protocols.3®

Descriptive statistics will be used to summarise findings from the quantitative survey data.

To understand the goals and challenges for the current service (Phase 1), we will draw on our findings
from the literature review, interviews with key national staff, documentary analysis of national
guidance and interviews with professionals from the seven GLHs and their associated clinical services.
We will use thematic analysis to explore goals of the service, the context of the service and contextual

factors shaping the service and the decision to change.

To establish emergent care pathways and produce an overview description of the services (Phase 2),
we will draw on the cross-sectional survey and follow-up interviews with professionals from genetic
and fetal medicine services across the seven GLHs. We will use descriptive statistics to analyse survey
questions relating to care pathways and descriptions of the service. We will use inductive thematic
analysis to code and extract data relating to local care pathways. We will triangulate this data to
produce typologies of the care pathways emerging in practice across all 17 genetic services, allowing

us to compare and contrast different services within and between the seven GLHs.

To understand implementation of prenatal ES services, we will conduct in-depth case studies (Phase

20,21 conceptual framework of major system change (Figure 1) and MRC

3), informed by Fulop et al’s
guidance on process evaluation 3°. The case studies will draw on interview data, survey data and
documentary analysis. We will input summary data from these sources into case study templates and
triangulate findings to explore implementation and barriers and facilitators to implementation. The
use of case study templates will support the mapping of service components and care pathways into

typologies that will allow comparison within and between GLHs.

To analyse the qualitative data for the case studies, a coding frame will be developed that incorporates
the elements of major system change (i.e. decision to change, decisions on care pathways,
implementation approaches, implementation outcomes and service outcomes) 2> 2! and considers

factors emphasised in the MRC guidance on process evaluation (i.e. context, implementation and
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mechanisms of impact) 3°. We will apply this coding frame to the data set and develop themes and
sub-themes relating to our research questions, our study objectives, the literature and the empirical

data.

WS1 Formative Outputs: 1) Descriptions of care pathways for fetal ES at each genetic service. 2) In-
depth case studies describing service provision at each genetic service. 3) Evidence of any changes in
the service over time and any differences between services offered in each genetic service and GLH.
Any significant differences that appear to impact outcomes will be fed back to the service within our
quarterly progress reports in order to influence change in a timely manner. 4) An ‘ideal type’ or

‘optimal’ care pathway for the economic analysis (WS5).

WS1 Summative Output: Recommendations for service delivery and health professional education.

Workstream 2: Parental views and experiences of fetal ES

Qualitative interviews with parents

To gather parental views and experiences of fetal ES, data will be collected using qualitative interviews
with at least 45 parents offered fetal ES (recruited through FMUs and through Antenatal Results and
Choices (ARC)). Participants will be purposefully sampled to ensure there is maximum variation in
terms of clinical experiences (e.g. type of tests undertaken; declined to have fetal ES; types of results
(diagnosis, VUS, or no result); chose termination; chose to continue the pregnancy) and socio-

demographic factors such as ethnicity and socio-economic background.

Interviews will be conducted with written informed consent. Using a semi-structured topic guide
developed with consideration of the existing literature, the clinical expertise of our research team and
PPIAG input, we will explore parents’ views and consider, information and support needs, perceived
risks and benefits of incorporating ES into clinical care and preferences for which results should be
returned (including views on additional findings and uncertain results). For parents offered ES we will
also ask about their experiences, including what genetic counselling they received, their decision

making, motivations for having or declining testing and costs incurred.

Recruitment of parents offered fetal ES

For recruitment through FMUs, invitations to parents to take part in an interview will only be given
after the parents have been offered ES and have made their decision to accept or decline testing and

as such will not impact on their decision making about this test. Approaching parents who have chosen
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to have fetal ES for interviews will be facilitated by the patient choice model for testing within the
Genomic Medicine Service, which includes, at point of testing, the choice for parents to allow their
data to be used for research and to be contacted for research. The clinical team at fetal medicine units
that have offered fetal WES will identify parents that accepted or declined fetal WES. A letter
explaining the interview study and the Participant Information Sheet will be sent to potential
participants. The letter will include an invitation to participate in an interview and they will be asked
to contact the research team via telephone or email if they are interested in participating. As this will
be a stressful and emotional time for parents, the researcher conducting the interviews will be guided

by the clinical team as to the best time to send the letter to the parents.

For recruitment through Antenatal Results and Choices (ARC), we will place an advertisement for the
interview study on the ARC website, Facebook page and newsletter explaining the study and asking
parents to contact the research team if interested in participating in an interview. They will then be

sent a participant information sheet.

Data collection and analysis

Interviews will be digitally recorded, professionally transcribed, anonymised and analysed using the
principles of thematic analysis** as described for workstream 1. Recruitment for qualitative interviews
will continue until saturation is reached, our suggestion of approximately 45 interviews is based on

our previous research focused on new approaches to prenatal testing.3”- 38

Systematic review of online information for parents about fetal exome sequencing

We will conduct a systematic review to identify what online patient information is available to
parents that describes fetal ES. We will then evaluate this patient information in terms of its content,
quality and readability. Systematic searches using Google and Bing will be conducted and websites
will be categorised according to their purpose (e.g., patient information, academic reporting). Any
identified websites, videos or documents categorised as patient information will be evaluated if they
are directed at patients, written in English and described fetal ES with a goal of supporting parental
decision-making about whether to have the test. Content checklists, the DISCERN Genetics tool, and
readability tests (the Flesch Reading Ease Score, the Gunning Fog Index, and the Simple Measure of

Gobbledygook Index) will be used to assess the patient information.

Evaluation of a prenatal sequencing animation
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An animation describing prenatal sequencing has been developed that aims to be an information
resource that will support parent’s decision-making when they are offered prenatal sequencing tests.
The effectiveness of the animation will be evaluated with parents. We will examine a) whether the
animation increases parent’s knowledge about prenatal sequencing and b) parent’s satisfaction with
the animation and its perceived value. For this evaluation we will include parents outside of the clinical
setting as they are less likely to have any prior knowledge or experience of prenatal sequencing.
Parents who have been pregnant in the previous two years and are aged over 18 will be recruited
through a market research company to complete an online survey. Potential participants will be sent
an invitation to participate with a link to the online survey. The first page of the survey will include a
link to the participant information sheet and participants will confirm their consent before proceeding
with the survey. The parents will then be randomly assigned to either read an information sheet about
prenatal sequencing or read an information sheet and watch the animation prior to completing the
survey. The survey questions will include demographics, knowledge, satisfaction with the information
resources and perceived value of the information resources. The target for recruitment will be

approximately 200, which will allow subgroup comparisons.

WS2 Formative Output: In-depth understanding of parental views to feed into other WSs.

WS2 Summative Output: Recommendations for parent information and counselling needs.

Workstream 3: Factors associated with variation in outcomes across the GLHs
In this research arm we will establish the outcomes (diagnostic yield, referral rates, sources of referral,
final diagnoses) of the fetal ES service. These outcomes will then be compared between regions to

identify any factors (individual or service-related) associated with variation in outcomes.

Data collection and analysis

Pregnancy outcome data will be sourced from FMUs on all women referred for fetal ES over a nine
month period. Data collection will be done via the two testing GLH’s and is considered by the HRA to
be service evaluation. Pregnancy outcomes will be validated though collaboration with the National
Congenital Anomaly and Rare Disease Registration Service (NCARDRS). Data will be obtained at the
pregnancy level on all women giving birth in England over the same time-period from NHS
England(women’s age, IMD score for area of residence, ethnicity, and complex social factors
indicator), and linked within NCARDRS on the basis of women’s NHS number to the GLH/FMU data

before analysis of an anonymised dataset. Multi-level models will then be built examining the
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influence on outcomes of individual, genetic service and GLH level factors (based on network

pathways identified in WS1).

Descriptive analyses: The following information will be described for each GLH:

e Number of women giving birth in the GLH area annually (mapped on the basis of births in
referring units and their associated home births)

e Characteristics of women giving birth in each GLH area: Age (mean, SD), IMD score (% in each
quintile), ethnicity (grouped according to UK census classification), complex social factors
indicator (%Yes/ No)

e Number of women referred for fetal ES annually

e Characteristics of women referred for fetal ES in each GLH area: Age (mean, SD), IMD score (%
in each quintile), ethnicity (grouped according to UK census classification), complex social
factors indicator (%Yes/ No), source of referral, final diagnosis made, gestation at diagnosis

(median, IQR) and pregnancy outcome (termination, pregnancy loss, live birth, stillbirth).

Other characteristics of each GLH and the 17 genetic services will have been described as part of WS1
(the characteristics to be included will be defined in WS1 but are likely to include categorical factors
such as case selection, links between fetal medicine, clinical genetics and laboratories, laboratory

pipelines, turn-around times and the interpretation and reporting of results).

Overall referral rates with 95% confidence intervals in each GLH will be calculated, and referral rates
within population subgroups (IMD quintiles, ethnic groups) calculated to assess equity across the
system and ensure the needs of ethnic minority and hard to reach populations are being appropriately
considered. Factors associated with variation in referral rates (population characteristics, GLH factors)
will be examined using regression analysis. Similarly, in each GLH diagnostic yield will be calculated
(proportion of women with a clear final diagnosis on the basis of fetal ES) as well as outcomes of fetal
ES (proportion of women undergoing ES opting for termination, live birth rate, stillbirth rate and

proportion of births with a confirmed anomaly) and factors associated with variation examined.

Clinical audit to determine why parents decline fetal ES
A clinical audit to look at reasons parents who are eligible are not referred for fetal ES will be
conducted at 8-10 FMUs across England over a 6 month period. Using a standardized data collection

spreadsheet, the audit will determine the reasons fetal ES is not pursued, including any reasons
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parents specifically decline fetal ES. The audit will identify if there are any patterns in the reasons fetal

ES is not pursued based on variables such as ethnicity, referral unit or postcode.

Case note reviews

Anonymised case note reviews will be conducted in 7-10 FMUs to investigate reasons guiding parent
decisions to decline ES. We will consider clinical indications for testing, demographics, pregnancy
outcomes and post-natal testing. Anonymised case note reviews will also be used to consider any
variations in referral among ethnic or socioeconomic groups. Case note reviews will be conducted in
fetal medicine units where variation has been identified and in areas where we know cultural diversity
and consanguinity is more common. Case note reviews will be conducted over a defined period of up
to 3 months to see if we can establish any underlying reasons for variation, such as lower offer rates
or lower uptake rates among different ethnic groups or among women in different IMD quintiles. We

will develop recommendations for service improvements to ensure equity.

WS3 Formative Output: Detailed information on factors influencing service outcomes to inform

optimised care pathway development and the economic evaluation.

Workstream 4. Ethical analysis
We will identify, characterise, and analyse practical ethical issues arising in the delivery of fetal ES in
order to inform and promote the achievement of high ethical standards in the Genomic Medicine
Service. The successful delivery of fetal ES will require the identification, analysis and management of
a number of ethical problems. These are likely to include, but will not be limited to, the following:

e Enabling adequate levels of informed consent for this complex testing

e Equity of access

e Decisions about reporting findings to patients in the context of increased uncertainty and

complex probabilities
e Questions relating to the sharing of data: for clinical and/or research purposes
e C(Clarification of the nature and scope of the duties of care of health professionals and

laboratory staff when offering this complex testing to pregnant women

We will conduct a systematic scoping review of the relevant literature, professional guidelines, and
reports of advisory bodies on the prenatal uses of genomics and genetics. This will provide an initial
mapping of the likely ethical issues and themes for further investigation. Themes will be incorporated

into interviews and focus groups with parents and professionals (see above) and results will be
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combined to inform a comprehensive analysis of core ethical concepts and considerations to aid
development of a draft ethics framework, which will be revisited and revised in light of further findings

from other arms of the study and two ethics workshops.

Workshop 1 (study year 1): We will bring together clinical and laboratory staff from across the seven
GLHs and associated clinical services, the PPIAG and patient groups, to gather evidence about ethical
issues arising in practice, and to explore perspectives on the nature and scope of professional
responsibilities in the provision of fetal ES. The workshop will be an opportunity to discuss ethical
issues, share good practice, and identify practical ethical problems. We will map key issues, explore
themes in-depth and seek views on requirements for an effective ethics framework. Early and
developing framework drafts will be tested with this group and other relevant experts over

subsequent months.

Workshop 2 (Study year 2): We will convene a special one day meeting of the UK Genethics Forum to
enable genetics professionals (counsellors, geneticists, laboratory staff) to present cases and discuss
the ways in which ES presents ethical issues in their day to day work. The aim will be to get a rich
account of the ethical aspects of implementation in practice and identify possible solutions and/or

forms of effective ethical advice.

Workshop 3 (Study year 3): We will bring together a wider range of key stakeholders, including: patient
groups, parents offered fetal ES, clinical geneticists, genetic counsellors, fetal medicine specialists,
midwives and laboratory staff and representatives of relevant national societies, e.g. British Maternal
and Fetal Medicine Society, British Society of Genomic Medicine, the Genomic Medicine Service
oversight board. We will encourage adoption and wider use of the ethics framework, promote wider
awareness and discussion of the ethical aspects of prenatal genomics and consider implications for
the training of health professionals and the development of models of timely ethics support and

advice.

WS4 Summative Output: A framework setting out ethical requirements for an optimal fetal ES service.

Workstream 5. Economic analysis
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Phase 1. Cost of fetal ES versus standard testing

We will undertake a detailed micro-costing exercise to evaluate the unit costs of fetal ES and other
tests at each GLH. This will provide evidence on the likely affordability of fetal ES for use in routine
care. Micro-costing is a highly detailed costing approach that identifies all the underlying resources
required for an intervention/activity, such as equipment, consumables, and staff time, and then
calculates costs for these resources. We will follow a previously used approach to costing genetic
tests.3 The standard operating procedures for each test will be used to develop costing questionnaires
to collect the resource use information. The questionnaires will cover each stage in the experimental
protocol from sample preparation to data interpretation and reporting. Resource use information on
staff time, consumables, and equipment will be derived from the questionnaires. The analysis will
account for the expected cost of any errors or failures during the testing processes. For capital
equipment items, the cost will be spread over the item's predicted lifetime and depreciated using
equivalent annual costing. The cost of staff and consumables will be taken from market prices. The
cost per test will be based on the measured annual throughput of the sequencing platforms. For
standard testing we will adopt a two-stage approach. As these tests are currently established in
routine care we will ascertain if each GLH has carried out their own micro-costing analysis for
reimbursement purposes —in previous similar studies we have found this to be the case. If so, we will
use these costs for our analysis, ensuring that the cost components included are commensurate across
GLHs. If this is not the case, then we will undertake our own micro-costing exercise at each GLH where
costs of standard tests are not available, utilising the same approach as described above for ES. Due
to the sensitivity of these data the results for each individual GLH will remain anonymous and we will

present mean and (anonymised) ranges only.

Phase 2. Costs and consequences of the optimal fetal ES pathway
We will undertake cost and cost consequences analyses of the different delivery pathways at each of
the 7 GLHs, plus the identified optimal fetal ES pathway. In previous research we have argued that
quality-adjusted life years are not appropriate to use in economic evaluations of prenatal testing for
fetal anomalies, and therefore we will not use them here (nor undertake a cost-utility analysis). Costs
will be estimated from the perspectives of both the NHS and families, with the time horizon being the
duration of pregnancy. Using an approach we have used in similar studies,*® 4 the analysis will proceed
in the following stages:
1. We will delineate the pathways for prenatal diagnosis of fetal anomalies using fetal ES, from
referral for testing until birth outcome. This will be done for each of the 17 genetic services

and the optimal pathway, and will be based on data collected during WS1.
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2. Usingthe linked GLHFMU/National Congenital Anomaly and Rare Disease Registration Service
data collected during WS3 we will plot the movement of pregnant women through each of
the pathways. We will extract information on the numbers of women undergoing different
tests, the numbers and type of fetal anomalies identified, the number of follow-up contacts
related to testing, and pregnancy outcomes.

3. We will identify the unit costs associated with the main cost components of the identified
pathways. These will be obtained from the micro-costing, supplemented with other unit costs
from the GLHs, and published and other routinely available sources.

4. We will calculate the NHS costs associated with each pathway, by applying the unit costs
associated with each item in the pathway from stage 3 with the numbers of women incurring
that cost based on the data at stage 2.

5. We will calculate the costs to parents and families from the different pathways using data
collected in WS2.

6. We will undertake a cost consequences analysis comparing the NHS and family costs of each
pathway against the consequences, as delineated in WS3 (e.g., diagnostic yield, birth
outcome).

7. We will use our analysis to assess the expected budget impact to the NHS of introducing fetal
ES, based on the mean costs per woman tested and projections of the expected numbers of
women tested by fetal ES nationally.

8. We will identify the main sources of uncertainty in our analyses and undertake sensitivity to

explore the impacts of this uncertainty.

WS5 Summative Outputs: 1) A report on the cost of fetal ES giving evidence on the likely affordability
of its use in routine care. 2) A budget impact and cost consequences model of the optimal fetal ES

pathway that can be used for policy decisions.

Workstream 6. Integration of study findings, policy impact and dissemination

Integration of study findings

We will triangulate data collected in the qualitative analyses of the service (WS1) and stakeholder
perspectives (WS1 and WS2), the ethical analysis (WS4), the quantitative analyses of clinical outcomes
(WS3) and the economics analysis (WS5) to identify the main features of the fetal ES service nationally

and points of local variation. Through this process we will define current service provision, identify the
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facilitators and barriers to optimal service delivery and highlight key lessons to inform future models

of service provision and will produce recommendations for best practice.

The findings from all WSs will inform two workshops (one South, one North) with key stakeholders,
designed in collaboration with experts from across the WSs to present study findings with the aim of
exploring with stakeholders what ‘best practice’ looks like across the seven GLHs and in fetal ES

services more generally.

Policy Impact and Dissemination
We will focus on engagement and communication with patients, the public, service providers,
managers and commissioners and will draw on work done in all WSs. Dissemination will be both
formative, as we will feed back findings as the study proceeds, and summative. To facilitate formative
feedback to the service, we will produce a quarterly progress report timed to coincide with the
meetings of the NHS Genomics Laboratory Hub Partnership Board which includes the operational and
medical leads from the seven GLHs as well as representatives from NHSE and Genomics England. The
progress report will also be disseminated through other professional bodies, such as the Joint
Committee on Genomics in Medicine and through lay groups such as ARC and Genetic Alliance UK. We
will also seek to present our findings to these groups at appropriate meetings as the study progresses.
In addition to peer reviewed publications and conference and meeting presentations, a final report
on the integration of study data described above will:

- Review and describe current service provision

- Identify the facilitators and barriers to optimal service delivery

- ldentify unintended consequences resulting from implementation of this new diagnostic test

- Capture professional perspectives on key lessons arising from implementation

- Consider future models of service provision

- Provide recommendations for best practice

- Provide recommendations for education and information for parents and health professionals

The PPIAG will advise how best to disseminate the research to parents and families and will write user-

friendly summaries for these groups.

WS6 Formative Output: Regular progress updates communicated though reports, briefings and policy

documents targeting lay organisations, healthcare providers, policy makers and commissioners.
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WS6 Summative Output: A final report with recommendations and guidance for best practice.

Outputs
Our evaluation of the fetal ES service will deliver lessons for the developing service that will be of value

to those who commission, organise and manage fetal ES services and will reduce unnecessary
variations in care. The research has significant potential to influence policy, by informing the
implementation of the service as it is established. Informing the development of a fetal ES service that
delivers equity of access and high standards of care across England will also bring benefits for parents
and families.
This research will generate the following outcomes;
e Understanding of how fetal ES is delivered across England in the new Genomic Medicine Service
e Recommendations for an optimised, cost-effective care pathway in routine clinical practice
e Recommendations for meeting the information, counselling and support needs of parents
e Recommendations for education specific to fetal medicine, maternity and genetic services
e An ethics framework to inform good practice and act as a decision aid for clinicians, laboratory
staff, and service providers
e Guidance for commissioners and policy makers based on lessons learnt on what practices work
well (and why) in the fetal ES service
e Signposts for future research and evaluation needs

e Implications for the wider Genomic Medicine Service

Dissemination
Members of the research team will contact each GLH at the start of the study to speak about the study

and raise awareness amongst professionals. We will present the study at the service working group
meeting that is attended by clinical geneticists, counsellors, clinical scientists, midwives, fetal medicine
specialists and obstetricians from each GLH. Dissemination will occur throughout the study. To provide
formative feedback for the development of the service we will produce quarterly progress reports
that will be shared at a national level as part of the NHS Genomics Laboratory Hub Partnership Board
which includes the operational and medical leads from the seven GLHs as well as representatives from
NHSE and Genomics England. We will build a contact list of stakeholders and will communicate the
quarterly progress reports widely by email. We will also update professional bodies such as the Joint
Committee on Genomics in Medicine and will work with Public Health England, responsible for
delivering the fetal anomaly screening programme, to give regular updates at their national midwife

training days. Dissemination will also come through peer reviewed publications, presentations at
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national and international conferences, health professional workshops, social media and meetings
primarily aimed at parents and families affected by fetal anomalies. Through ARC, dissemination will
reach the relevant patient population to raise awareness of fetal ES. Key findings will be shared
through ARC'’s social media channels and newsletter and presentation at ARC’s conference and annual
Information and Support Day, to which parents and families are invited. We will also disseminate
findings through other relevant patient groups such as the National Childbirth Trust (NCT) and Genetic
Alliance UK, and for the harder to reach groups through Breaking Down Barriers. The PPIAG will help

to write plain language summaries for parents and parent support groups.

Impact
Evaluating the new fetal ES Service as it is rolled out across the country will directly benefit the NHS

and patients by identifying best practices, minimising potential harms, and ensuring fetal ES is
implemented in a responsible and equitable manner. The overarching impact of this research will be
a better fetal ES service that delivers equity of access and high standards of care across England. The
associated improvement in prenatal diagnostic yield will deliver clinical benefits for parents through
better information regarding their baby’s health, facilitating informed decision making and

improvements in pregnancy and postnatal management.

Optimised clinical use of fetal ES will allow more parents to receive an accurate genetic diagnosis in
pregnancy, providing valuable information about the cause and prognosis of their baby’s problems.
This information may benefit them by guiding management of the pregnancy, delivery and treatment,
resulting in improved outcomes for the child and family. A confirmed diagnosis may also provide
psychological benefit by allowing parents to terminate a pregnancy with certainty or to prepare for
the birth of an unwell child. Conversely, where the diagnosis proves less severe than predicted this

can provide reassurance and allow safe continuation of pregnancy.

Findings will benefit healthcare professionals in fetal medicine and genetics by understanding their
views and training needs and making recommendations for educational materials that will equip
clinicians to confidently use fetal ES in a manner that maximises benefit to their patients. Health care
services in other countries may also benefit from recommendations for an optimised clinical care
pathway for fetal ES and detailed information on clinical utility. This information and the identification
of any challenges in the system may be of use to others as they implement and refine their own fetal

ES pathways.
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Research timetable

Tasks Months
Project set-up (ethical approval / recruitment of steering and PPl advisory | -5 to 3
committees / engagement with GLHSs)

Determine clinical care pathways across the GLHs (WS1) 1to 36
Phase 1: Goals and challenges for the current service 1to 18
Phase 2: Establish emergent care pathways and services 4to018
Phase 3: In depth case studies 24 to 33
Phase 4: Develop optimal care pathway 18 to 36

Parental experiences of fetal ES (WS2) 3to 32

Factors associated with variation in outcomes across the GLHs (WS3) 6to 33

Ethical analysis (WS4) 1to 30

Economic analysis (WS5) 12to 36

Integration of WS findings, policy impact and dissemination (WS6) 30to 36

Progress reports with formative feedback for policy makers 6,12, 18, 24, 30

Final report 33to 36

Project management

Research Team
A project manager will coordinate all project activities and oversee engagement and data collection

at each GLH. The full research team will meet bi-monthly (teleconference / videoconference plus face-
to-face meetings) to monitor overall progress, data collection, analysis, dissemination and stakeholder
engagement. These meetings will be important to facilitate interactions across all WSs so that
interdependencies and linkages between each WS can be developed. Smaller teams working together

on individual WSs will meet more frequently.

Steering Committee
The study steering committee will have an independent chair and draw together representatives of

relevant professional bodies, academics with expertise in qualitative and quantitative methods and
patient and public representatives. The aim of the study steering committee will be to provide support
and oversight. They will meet face-to-face annually (with teleconference and videoconference

options), with interim email updates and additional teleconference discussions where necessary.
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PPI Advisory Group
A PPIAG, led by JF, will include 5-6 members, including parents with direct experience of the prenatal

diagnosis of rare diseases and members that can represent parents more broadly. EL-B will bring the
views of ethnic minority groups. The PPIAG will meet twice a year during the project and will be
consulted by email for input into specific documents or processes. The PPIAG will help with study
design (including sensitive approaches to parents), development of research materials (e.g. survey,
interview / focus group topic guides, participant information), result interpretation and dissemination
of findings. Appropriate training and support will be provided for all PPIAG members via the
PPI/Engagement Officer at CLAHRC North Thames.

Critical distance
It is important to acknowledge that our research team includes several clinicians and laboratory

scientists with a professional role in the Genomic Medicine Service. LSC is the acting clinical lead of
the North London GLH. She has driven the research on rapid fetal ES that has led to this test being
included in the Genomic Medicine Service’s test directory. Her role as co-Pl is divested from her
expertise in fetal ES and existing networks with fetal medicine and genetics. Similarly, SE is the
Scientific Director of the South West GLH and DM the rare disease lead at Wessex and West Midlands
GLH. Their expertise will be crucial in the set-up and running of the study. MH (Co-Pl), NJF, SM and the
other researchers leading data collection and analysis are professionally independent of the Genomic
Medicine Service. NJF and SM have extensive experience in the evaluation and appraisal of healthcare
services and they will be responsible for ensuring that a “critical distance” is maintained throughout
our evaluation. Critical distance will be further strengthened by the oversight of a study steering

committee and a PPIAG.

Patient and public involvement
Patient and public involvement is crucial to our research and will be embedded in all stages of the

study. We have two patient advocates in our research team. JF is a patient advocate and Director of
the support charity Antenatal Results and Choices (ARC), the only national charity helping parents and
healthcare professionals through antenatal screening and diagnosis and its consequences. KL-B leads
the Breaking Down Barriers project. She will advise the research team on how best to reach out to and
include minority ethnic groups. The study steering committee will include parents and representatives
from relevant patient support groups. Jane Fisher will lead the Patient and Public Involvement
Advisory Group (PPIAG). The PPIAG will bring the parental perspective to the study ensuring that PPI
priorities and needs remain the focal point. The PPIAG will input into all aspects of the project

including: development of study design, participant information sheets’, interview topic guides and
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survey questions, how to approach parents, analysis and interpretation of findings and preparation of

publications and other dissemination materials. They will also be asked to contribute to the

consultations to identify practical ethical issues in delivering a fetal ES service (WS4). The PPIAG will

meet twice a year and be sent emails at regular intervals to update them on study progress and to

request the review of study design and documents.
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