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Abstract 
Background: Prenatal exome sequencing (ES) for the diagnosis of 
fetal anomalies was implemented nationally in England in October 
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2020 by the NHS Genomic Medicine Service (GMS). The GMS is based 
around seven regional Genomic Laboratory Hubs (GLHs). Prenatal ES 
has the potential to significantly improve NHS prenatal diagnostic 
services by increasing genetic diagnoses and informing prenatal 
decision-making. Prenatal ES has not previously been offered 
routinely in a national healthcare system and there are gaps in 
knowledge and guidance. 
Methods: Our mixed-methods evaluation commenced in October 
2020, aligning with the start date of the NHS prenatal ES service. Study 
design draws on a framework developed in previous studies of major 
system innovation. There are five interrelated workstreams. 
Workstream-1 will use interviews and surveys with professionals, non-
participant observations and documentary analysis to produce in-
depth case studies across all GLHs. Data collection at multiple time 
points will track changes over time. In Workstream-2 qualitative 
interviews with parents offered prenatal ES will explore experiences 
and establish information and support needs. Workstream-3 will 
analyse data from all prenatal ES tests for nine-months to establish 
service outcomes (e.g. diagnostic yield, referral rates, referral 
sources). Comparisons between GLHs will identify factors (individual 
or service-related) associated with any variation in outcomes. 
Workstream-4 will identify and analyse practical ethical problems. 
Requirements for an effective ethics framework for an optimal and 
equitable service will be determined. Workstream-5 will assess costs 
and cost-effectiveness of prenatal ES versus standard tests and 
evaluate costs of implementing an optimal prenatal ES care pathway. 
Integration of findings will determine key features of an optimal care 
pathway from a service delivery, parent and professional perspective. 
Discussion: The proposed formative and summative evaluation will 
inform the evolving prenatal ES service to ensure equity of access, 
high standards of care and benefits for parents across England.

Keywords 
prenatal exome sequencing, genomic medicine service, ethics, 
counselling, study protocol, mixed methods
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Plain English summary
Background
Prenatal exome sequencing is a new test that is offered 
through the NHS Genomic Medicine Service. Prenatal exome  
sequencing is offered to pregnant women when ultrasound  
scans suggest that their baby may have a genetic condition that 
cannot be diagnosed using standard tests. If a genetic condition 
is diagnosed this can give parents important information about  
the outlook for their baby. It can also help with their decisions 
about whether to continue or end the pregnancy, pregnancy  
management, post-birth care and future pregnancies.

Study methods
The aim of this study is to evaluate the prenatal exome  
sequencing service. 

To do this we will;
1.	� Study how prenatal exome sequencing is delivered 

across England using surveys and interviews with  
professionals.

2.	� Interview parents to ask what they think of prenatal 
exome sequencing and how support and information  
could be improved

3.	� Look at how many parents have prenatal exome 
sequencing and the test results. We will look carefully 
at who has access to the test and whether any particular  
groups are less likely to be offered testing.

4.	� Conduct workshops with health professionals and 
parents to identify any practical or ethical problems  
that arise when prenatal exome sequencing is offered.

5.	� Look at the cost of prenatal exome sequencing and 
compare it to the cost of other tests that are offered  
to diagnose genetic conditions in pregnancy.

6.	� Gather our findings together to make recommendations 
for best practice.

Patient and Public Involvement
A patient and public Involvement, engagement and participa-
tion (PPIEP) advisory group will work closely with the research 
team to design the study and develop study materials. They  
will also help us understand our findings to make sure the infor-
mation and recommendations that come out of our research  
will be helpful to parents and the NHS.

Introduction
Fetal anomalies occur in approximately 2–5% of pregnancies 
and cause around 20% of perinatal deaths1,2. When fetal struc-
tural anomalies are detected by ultrasound, routine prenatal  
testing options can include karyotyping, chromosomal microar-
ray or gene-specific panels, which will diagnose around 40%  
of cases. Prenatal exome sequencing (ES), which can interro-
gate multiple genes at high resolution in a single test, has been 
shown to improve diagnostic yields by 8–10% in unselected  
pregnancies where there is a structural abnormality and  
normal karyotype and chromosomal microarray3,4. Factors 
such as the rigour of eligibility criteria, testing platforms, trio  
(parents and fetus) versus singleton (fetus only) sequencing and,  
in particular, whether there has been selection following genetic 
review all impact on diagnostic yield5. A growing number of 
studies have demonstrated the clinical utility of prenatal ES6–8  
and recent guidelines from professional bodies have considered  
the evidence for the use of this test9–11. Accurate genetic  
diagnosis allows tailored parental counselling about prognosis; 
informs decision-making about pregnancy management; and  
aids planning for delivery and perinatal management. It also 
circumvents the pre- and postnatal ‘diagnostic odyssey’ and 
allows accurate counselling about recurrence risk for future  
pregnancies. 

The NHS in England is the first national healthcare system to 
systematically embed genome and exome sequencing in routine  
clinical care. To do this, genetic services across England 
have been reconfigured to establish a national NHS Genomic  
Medicine Service (GMS) which consolidates all genomic test-
ing into a unified service that is delivered through seven 
regional NHS Genomic Laboratory Hubs (GLHs) and NHS 
Genomic Medicine Service Alliances (GMSAs) with a National  
Genomic Test Directory which dictates which genomic tests are 

          Amendments from Version 1
Two new authors have been added who contributed to the 
further development of the study methodology and manuscript 
editing.

We have clarified that the start date of EXPRESS aligns with the 
start date of the prenatal exome sequencing service.

We have corrected the discrepancy in the wording between 
Figure 1 and the text.

We have added additional information in the text about the 
framework for major systems innovation and how it will be 
applied in our analysis.

We have added additional detail about how each phase of data 
collection in workstream-1 will be analysed. 

We have simplified our conceptual framework and analysis will 
focus on the framework for major systems innovation and the 
MRC guidance for process evaluations. 

We have added a reference to the linked workstream(s) for each 
of the study objectives.

We have clarified the types of professionals we will interview in 
our national and local level interviews in workstream-1.

We have clarified the recruitment procedures for workstream-2 
to address concerns around risk of selection bias in the parent 
interviews and we have added selection bias as a potential 
limitation of the study in the discussion. 

We have revised the section describing workstream-3, adding 
a sub-section titled “Data collection and analysis” that includes 
further information about data quality and delineates the 
covariates and outcomes.

We have added further detail around the planned workshops in 
workstream-4, explaining that there will be separate parent and 
professional workshops to discuss ethical issues.

We have expanded the description of the integration of findings 
to clarify that data from all workstreams will be drawn together 
with the aim of addressing each of our study objectives and 
to explain who will be invited and the content of the planned 
workshops.

Any further responses from the reviewers can be found at 
the end of the article
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available through this service12. The NHS GMS aims to deliver 
high throughput and high-quality genomic testing with equity 
of access for patients across the NHS13. Prenatal ES was imple-
mented nationally in the NHS GMS in October 2020 and is  
offered to parents across England when anomalies identi-
fied on fetal ultrasound are considered likely to have a genetic 
aetiology, as determined by a multidisciplinary team that 
includes a clinical geneticist. Prenatal ES is listed as R21 in the  
National Genomic Test Directory12. 

Professional bodies have highlighted the many practical  
considerations to implementing a service that delivers prenatal  
ES9–11. As prenatal ES is being implemented nationally in  
England, there is the potential for wide variation in referrals,  
uptake and diagnostic rates. Research studies considering  
parent or professional views on prenatal ES largely support offer-
ing prenatal sequencing but raise concerns over the potential  
for increased parental anxiety, informed consent, management  
of parent expectations, cost, which results to report and when 
to reinterpret results14–19. The need for health professional  
education and new approaches to genetic counselling that  
support informed choice during a distressing and time-pressured 
period have also been highlighted15,18. Another key challenge will  
be counselling parents around the range of findings and possible  
uncertainties20. As a result, it is crucial that the prenatal ES 
service is evaluated and guidelines developed to support high 
quality care for parents and facilitate delivery of an equitable  
and efficient national service.

Here we provide an outline of the optimising EXome  
PREnatal Sequencing Services (EXPRESS) study; a three-year  
prospective evaluation of prenatal ES in the NHS GMS. The 
EXPRESS study commenced in October 2020 to align with 
the start of the prenatal ES service. We are analysing the 
national implementation of prenatal ES in order to determine  
an optimal care pathway that maximises benefits for parents 
while optimising use of NHS resources. This research will  
capture the perceptions of parents and professionals, identify  
ethical and practical issues and highlight any unintended  
consequences of the new care pathways. As our research started 
in the first year of the prenatal ES service, we proposed a  
formative evaluation that will deliver lessons for the developing 
service within the timeframe of the study.

Protocol
Study design
EXPRESS is a multi-site, mixed-methods study that will  
evaluate how prenatal ES is offered in the NHS GMS. We 
will combine qualitative analyses of the service, stakeholder  
perspectives and ethical considerations with quantitative analyses 
of clinical outcomes and cost effectiveness. The research design 
draws on a framework developed in previous studies of major 
system innovation (Figure 1)21,22. The framework addresses the  
“how and why” of system innovation by considering key  
processes in implementing a new service: the decision to  
change  (drivers to change, governance and leadership of  
decision making),  decisions on care pathways (development 

Figure 1. Conceptual framework underpinning our evaluation of the prenatal ES service. Adapted from Fulop et al.21,22.
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and selection of care pathways), implementation approaches  
(consideration of context and approaches to facilitation) and  
implementation outcomes (adoption, spread and fidelity)21,22. The 
framework addresses “what works and at what cost” by linking 
these processes to service outcomes: evidence-based care, clinical  
outcomes, parent experiences and costs and consequences.  
As a result of applying the framework, our evaluation of the  
outcomes of the prenatal ES service (what works and at what  
cost) will be grounded in an understanding of the planning  
and implementation of the service (how and why) (Figure 1).

Study oversight
A Steering Committee with academic, professional and patient 
and public involvement, engagement and participation (PPIEP) 
members and a PPIEP Advisory Group will oversee the  
evaluation, providing guidance and feedback through regular  
interactions with the research team throughout the study.

Critical distance
Our research team includes several clinicians and laboratory  
scientists with a professional role in the NHS GMS, whose 
expertise will be crucial throughout the study. NJF and SM  
are independent of the NHS GMS and have extensive experi-
ence in the evaluation and appraisal of healthcare services and 
they will be responsible for ensuring that a “critical distance”  
is maintained throughout our evaluation. 

Patient and public involvement, engagement and 
participation
We are embedding PPIEP in all aspects of our study. Patient 
advocates are co-applicants on the grant and a PPIEP Advisory  
Group has been formed that includes representatives of rare 
condition charities and members who can advise on includ-
ing the views of ethnic minority groups. The PPIEP Advisory  
Group have inputted into the design of the study and the devel-
opment of study materials for parents. They have reviewed 
and revised parent-facing documents such as participant  
information sheets and topic guides and advised on plans for  
the recruitment of parents for qualitative interviews. Research 
findings will be shared with the PPIEP Advisory Group 
throughout the study and they will support the development of  
recommendations and information resources that will be helpful  
to parents, families and the NHS. Another key element of our 
PPIEP strategy is to have a qualitative researcher embedded 
within the parent support group Antenatal Results and Choices  
(ARC) who will have a broad appreciation of the informa-
tion and support needs of parents who have experienced  
anomalies in pregnancy.

Study aims and objectives
The aim of EXPRESS is to provide a formative and summative  
mixed-methods evaluation of the new prenatal ES service, 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.

Specific objectives:

A.	� Determine the clinical care pathways for prenatal  
ES in each of the seven GLHs (Workstream-1).

B.	� Establish whether prenatal ES is understandable and 
acceptable to key stakeholders, including parents  
(Workstream-2) and professionals (Workstream-1).

C.	� Identify the education and information needs and how 
they are best addressed for parents (Workstream-2) and 
health professionals (Workstream-1).

D.	� Establish the outcomes (diagnostic yield, referral 
rates, final diagnoses) of the prenatal ES programme  
(Workstream-3), compare these between regions, and 
identify any factors (individual or service-related) asso-
ciated with variation in outcomes (All Workstreams  
– Integration of findings).

E.	� Identify any new ethical issues arising from offering 
the prenatal ES programme in the NHS and explore 
how health professionals can best be supported in  
addressing them (Workstream-4).

F.	� Formally evaluate the cost and cost-effectiveness 
of implementing the optimal prenatal ES pathway  
(Workstream-5).

G.	� Determine the key features that constitute the  
optimal prenatal ES pathway from a service delivery,  
patient and professional perspective (All Workstreams 
– Integration of findings).

Study setting
This is a nationwide study that will look at provision of  
prenatal ES across England through the NHS GMS. Prenatal 
ES testing is performed at two of the seven GLHs (NHS North  
Thames GLH and NHS Central and South GLH). Parents are 
referred through fetal medicine units (FMUs) by clinical geneti-
cists from all GLHs. As such, the setting for our research 
are the seven GLHs and their linked clinical genetic services  
and FMUs. The seven GLHs are; NHS Central and South GLH, 
NHS East GLH, NHS North West GLH, NHS North Thames 
GLH, NHS South East GLH, NHS South West GLH and  
NHS North East and Yorkshire GLH.

Workstream overview
Our mixed-methods evaluation of the new prenatal ES service  
comprises five interrelated workstreams.

Workstream-1: Defining clinical care pathways
Phase 1: Understand the goals and challenges for the current 
service
In the first 6 months of EXPRESS we will use three approaches 
to gain an understanding of the anticipated goals and early  
challenges for the prenatal ES service.

1)	� To identify key challenges for service delivery we 
will conduct a mixed-methods systematic litera-
ture review on the use of prenatal ES in both research 
and clinical settings worldwide. The review will be  
conducted according to PRISMA guidelines23.

2)	� To explore the drivers of implementation and examine  
the overarching ambitions and potential challenges 
for the service we will conduct 8–10 interviews at  
a national level with the key staff who were involved 
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in decisions to establish the prenatal ES service or 
who were central in developing the national guidance  
for service delivery. We will also undertake a docu-
mentary analysis and collect any available business 
case and policy documents relating to the national  
implementation of prenatal ES.

3)	� To gather the views of professionals involved in  
delivering the prenatal ES service at a local level 
across England, we will conduct qualitative interviews  
with 2–3 professionals from each GLH; including 
clinical geneticists, fetal medicine specialists and clini-
cal scientists. The interviews will explore profession-
als’ expectations, perceptions of current challenges  
for delivery, foreseen ethical problems, training 
and education needs and plans for 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 produce a taxonomy of  
the care pathways emerging in practice for all seven GLHs. 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). To do this, we will 
conduct a cross-sectional survey with ~100 clinical staff  
across England to determine how eligibility criteria are applied, 
consider information available to clinicians (such as high-quality  
ultrasound scans for phenotyping), and explore training 
and education needs and overall views on prenatal ES and  
how it is delivered. We will also examine referral pathways and 
patient flow from general maternity units to FMUs to genetics  
services. A sub-set of survey participants from a range of  
backgrounds and geographies will be contacted to take part in a 
follow-up interview that will probe their responses to the survey  
in more depth. In addition, to examine how processes then 
change over time we will monitor service delivery through  
6 monthly calls with a key contacts to ask a standardised list of 
questions.

Phase 3: In-depth case studies
We will produce in-depth case studies of prenatal ES services 
across each of the seven GLHs. A case study approach to data 
collection will be used24–26. We will refer to MRC guidance27  
on the conduct of process evaluations for studying the imple-
mentation of complex health interventions and apply the study 
design framework (Figure 1) to explain how the new prenatal  
ES services have developed over time, and across different  
contexts. As the prenatal 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. Data analysis will draw on quantitative data 
from the survey with health professionals and qualitative data 
from semi-structured interviews with staff from a range of  
backgrounds, key documents and non-participant observations of  
relevant team meetings in each GLH.

Recruitment of professionals
To recruit participants to semi-structured interviews, profes-
sionals from relevant backgrounds will be identified by the 
research team with the help of key contacts at each GLH. We 
will purposively sample health professionals from a range of 
backgrounds including clinical geneticists, genetic counsel-
lors, 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. The professionals will be 
asked to contact the research team via telephone or email if 
they are interested in participating in an interview. To recruit  
participants to take part in the survey, the service leads from 
each regional genetics service in England will be asked to nomi-
nate 15–20 professionals from relevant clinical backgrounds to 
take part in the survey (clinical geneticists, genetic counsellors,  
fetal medicine consultants and midwives). An invitation email 
along with a participant information sheet describing the pur-
pose of the survey will be emailed to potential participants. For 
non-participant observations we will notify the attendees in 
advance of the meeting of our intention to observe the meeting  
and obtain consent at the time of the meeting.

Data collection and analysis
Interviews will be carried out by phone, video call or face-to-
face. Interviews will be digitally recorded and professionally  
transcribed verbatim. All qualitative data (interviews, observa-
tions, fieldwork notes, survey responses (open-ended questions 
and comments) and documents) will be anonymised and then 
analysed using the principles of codebook thematic analysis28,29.  
Data analysis will combine inductive and deductive 
approaches30. Data will be coded into meaningful units of 
text and then grouped into broader thematic categories 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 qualitative 
analysis two experienced qualitative researchers will conduct the 
analysis, following recommended protocols31. To strengthen the  
credibility of the findings and include the perspectives of  
parents and clinicians from a range of backgrounds, themes will 
be reviewed and discussed with the wider research team and the 
PPIEP Advisory Group. Descriptive statistics will be used to  
summarise findings from the quantitative survey data. 

To understand the goals and challenges for the current serv-
ice (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 over-
view description of the services (Phase 2), we will draw on 
the cross-sectional survey and follow-up interviews with pro-
fessionals from genetic and fetal medicine services across the  
seven GLHs. We will use descriptive statistics to analyse  
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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 seven GLHs, allowing us to compare and  
contrast different services within and between GLHs.

To understand implementation of prenatal ES services, we will 
conduct in-depth case studies (Phase 3), informed by Fulop  
et al.’s21,22 conceptual framework of major system change  
(Figure 1) and MRC guidance on process evaluation27. 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)21,22 and considers factors emphasised 
in the MRC guidance on process evaluation (i.e. context,  
implementation and mechanisms of impact)24. 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.

Workstream-2: Parental views and experiences of prenatal ES.  
Parent views and experiences of prenatal ES will be gath-
ered through qualitative interviews with approximately 40  
parents offered prenatal ES who either accepted or declined 
testing (recruited through FMUs and through parent sup-
port groups). FMUs from across England will be included as  
recruitment sites, with consideration given to maximising  
opportunities to reach parents with diverse socio-demographic  
backgrounds. Participants will be purposefully sampled to  
promote maximum variation in terms of clinical experiences and 
socio-demographic factors such as ethnicity and socio-economic  
background.

Using a semi-structured topic guide (developed with the  
feedback from the PPIEP Advisory Group), we will explore  
parents’ views of prenatal ES and their thoughts on the  
information and support needs of parents. For parents  
offered ES, we will also ask about their experiences of the  
service, including what genetic counselling they received,  
their decision-making, motivations for having or declining  
testing, and costs incurred.

Recruitment of parents 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, this  
research will not impact on their decision-making about this 
test. The clinical team at FMUs that have offered prenatal ES 

will identify parents that accepted or declined prenatal ES.  
A letter explaining the interview study and the Participant Infor-
mation Sheet will be sent to potential participants. The let-
ter 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. After two 
weeks, if the potential participant has not responded a member  
of the local clinical care team will call the potential partici-
pant to ask if they received the study invitation and whether 
they have any questions about taking part. If they are interested  
in taking part, the potential participant can give verbal con-
sent for the research team to contact them directly about tak-
ing part in the study.  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  
initial invitation letter to the parents.

Recruitment of parents through parent support groups
We will recruit parents (with and without experience of prenatal 
ES) through registered parent support groups such as ARC. Par-
ent support group members will be invited to participate through 
an advertisement on the parent group website or through social 
media (Facebook/Twitter). Parents will be asked to contact the 
research team if they are interested in participating. Parents 
will be sent the participant information sheet and invited to ask  
questions about the study and make a time for the interview

Data collection and analysis
Interviews will be carried out by phone, video call or face-
to-face at a location convenient to the participant, such as 
their home or an office at the recruiting hospital. Interviews 
will be digitally recorded, professionally transcribed, ano-
nymised and analysed using the principles of codebook thematic  
analysis28,29. Our recruitment target of approximately 40 inter-
views is guided by our previous research focused on new 
approaches to prenatal testing and should be sufficient to 
include parents with a range of clinical experiences and  
socio-demographic factors32,33.

Workstream-3: Factors associated with variation in out-
comes across the GLHs. In this workstream we will establish 
the outcomes (diagnostic yield, referral rates, final diagnoses)  
of the national prenatal ES service over a nine month period  
(01/09/2021 – 31/05/2022). These outcomes will then be com-
pared across regions to identify any factors (individual or serv-
ice-related, including the clinical sources of referral) associated 
with variation in outcomes between GLHs. At the point of 
being consented for prenatal ES, parents will be asked to allow  
their data to be used for research purposes.

Data collection and analysis
Cases will be identified from testing GLHs and data extracted 
for nine months. Pregnancy-level information on socio- 
demographics (age, socioeconomic status (Index of Multiple 
Deprivation, IMD) determined from postcodes, ethnicity), ges-
tation at referral for testing, the hospital or clinic making the 
referral, and results of ES will be collected from testing GLHs.  
Pregnancy outcomes will be collected through NHS Digital 
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in collaboration with the National Congenital Anomaly and 
Rare Disease Registration Service (NCARDRS). Data will be 
obtained from two sources. Data on congenital anomalies will 
be obtained from NCARDRS and on other pregnancy out-
comes from NHS Maternity Hospital Episode Statistics (HES).  
All livebirths, fetal deaths with gestational age greater than or 
equal to 20 weeks and pregnancy terminations for fetal anom-
aly at any gestational age) with at last one registered anomaly 
delivered in England are included in NCARDRS, which fol-
lows the European Surveillance of Congenital Anomalies  
(EUROCAT) data quality guidance34. NHS Maternity Hospi-
tal Episode Statistics (HES) include data on all admissions to 
give birth in England and have high levels of completeness35.  
Information at the pregnancy level from Maternity HES on 
all women giving birth in England  will be linked with NHS  
Digital on the basis of women’s NHS number to the data  
from GLHs and NCARDRS before analysis of an anonymised  
dataset. Multi-level models will then be built examining the  
influence on outcomes of individual and GLH level factors (based 
on network pathways identified in Workstream-1).

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

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

•	� Characteristics of women giving birth in each 
GLH area: Age (mean, SD), IMD score (% in each  
quintile), ethnicity (grouped according to UK census  
classification).

•	� Number of women referred for prenatal ES annually  
and the sources of referrals.

•	� Characteristics of women referred for prenatal ES 
in each GLH area: Age (mean, SD), IMD score (% in  
each quintile), ethnicity (grouped according to UK  
census classification). 

•	� Final diagnosis made, gestation at diagnosis (median,  
IQR) and pregnancy outcome (termination, pregnancy 
loss, live birth, stillbirth).

Other characteristics of each GLH will have been described 
as part of Workstream-1 and are likely to include categorical  
factors such as case selection; links between FMUs, clinical  
genetics and laboratories; laboratory pipelines; turn-around  
times; and 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 seldom heard populations are being appropriately considered.  
Factors associated with variations across GLHs 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 prenatal ES) as well as 
outcomes of prenatal 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.

Workstream-4: Ethical analysis. To inform and promote 
the achievement of high ethical standards in the NHS GMS, 
we will analyse ethical issues arising in the delivery of  
prenatal ES, through an ethical analysis of stakeholder work-
shops, interviews with professionals (Workstream-1), inter-
views with parents (Workstream-2), and engagement with the 
PPIEP Advisory Group. Ethical issues to address are likely to  
include, but will not be limited to, the following:

•	� Enabling adequate levels of informed consent for this 
complex testing

•	 Equity of access

•	� Decisions about reporting results to parents in 
the context of increased uncertainty and complex  
probabilities

•	� Questions relating to the sharing of data: for clinical  
and/or research purposes

•	� 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

A systematic scoping review of the relevant literature, profes-
sional guidelines and reports of advisory bodies on the prenatal 
uses of genomics and genetics will provide an initial mapping  
of the likely ethical issues and themes for further investiga-
tion. Themes will be discussed with the PPIEP and incorpo-
rated into semi-structured topic guides used in the interviews 
with professionals (Workstream-1) and parents (Workstream-2).  
Results will be combined to inform a comprehensive analy-
sis of core ethical concepts and considerations to aid develop-
ment of a draft ethics framework, which will be revisited and  
revised in light of findings from other arms of the study and 
three-four ethics workshops. There will be separate workshops 
for professionals and parents. Parents will be invited through  
patient groups (e.g. from ARC, UNIQUE and Genetic Alliance 
UK) and through NHS maternity services. The workshops with 
parents will explore views on potential ethical problems asso-
ciated with offering prenatal ES in the NHS. The workshops 
with professionals will bring together clinical and laboratory  
staff from across the seven GLHs and associated clinical serv-
ices. The professionals will be encouraged to discuss clinical 
cases and issues arising from delivering the prenatal ES serv-
ice. Invitations to the workshops will be advertised through  
professional email lists and it is possible that individual profes-
sionals could attend more than one workshop. The workshops 
with professionals will gather evidence about ethical prob-
lems arising in practice and explore perspectives on the nature  
and scope of professional responsibilities in the provision of  
prenatal ES. The workshops with parents and professionals 
will allow us to gather a rich account of the ethical aspects of  
implementation in practice and identify possible solutions  
and/or forms of effective ethical advice. We will map key  
issues, explore themes in-depth and seek views on requirements  
for an effective ethics framework.

Page 9 of 20

NIHR Open Research 2022, 2:10 Last updated: 20 JUL 2022



Workstream-5: Health economic evaluation
Phase 1: Cost of prenatal ES versus standard testing
We will undertake a detailed micro-costing exercise to evalu-
ate the unit costs of prenatal ES and other tests at each  
GLH. This will provide evidence on the likely affordability of 
prenatal 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 equip-
ment, consumables, and staff time, and then calculates costs for 
these resources. We will follow a previously used approach to  
costing genetic tests36. 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 prenatal ES 
pathway
We will undertake cost and cost consequences analyses of 
the different delivery pathways at each of the seven GLHs, 
plus the identified optimal prenatal ES pathway. In previous 
research we have argued that quality-adjusted life years are not  
commonly used in economic evaluations of prenatal testing for 
fetal anomalies37, 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 studies37,38, the analysis will proceed  
in the following stages:

1)	� We will delineate the pathways for prenatal diagno-
sis of fetal anomalies using prenatal ES, from referral 
for testing until birth outcome. This will be done for 
each of the seven GLHs and the optimal pathway, and  
will be based on data collected during Workstream-1.

2)	� Using the linked FMU outcomes/National Congeni-
tal Anomaly and Rare Disease Registration Service  

data collected during Workstream-3 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 financial costs to parents and 
families from the different pathways using data from  
the parent interviews in Workstream-2.

6)	� We will undertake a cost consequences analysis 
comparing the NHS and family costs of each path-
way against the consequences, as delineated in  
Workstream-3 (e.g., diagnostic yield, birth outcome).

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

8)	� We will identify the main sources of uncertainty in 
our analyses and undertake a sensitivity analysis to  
explore the impacts of this uncertainty.

Integration of findings
Using an approach of simultaneous triangulation39, we will 
draw together data collected in the quantitative and qualitative 
analyses of the service (Workstream-1), qualitative analysis of  
stakeholder perspectives (Workstream-1, Workstream-2 and 
Workstream-4), quantitative analyses of clinical outcomes  
(Workstream-3), ethical analysis (Workstream-4), and the  
economics analysis (Workstream-5). The integration of find-
ings will focus on addressing our study objectives and be  
underpinned by the conceptual framework of major system 
change (Figure 1). In line with the “how and why” of the study 
design framework (Figure 1), data, including quantitative  
surveys with professionals (Workstream-1), qualitative semi-
structured interviews with professionals (Workstream-1) and  
parents (Workstream-2) and ethics workshops (Workstream 4), 
will be used to identify drivers for change (decision to change), 
how services were planned (decision to change), factors influ-
encing the service models and care pathways (decisions on 
care pathways), how services were implemented (implementa-
tion approaches) and adoption and sustainability of the service  
(implementation outcomes). To explore “what works at what cost” 
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we will draw on the clinical outcomes established in Workstream-
3, the costs and consequences identified in Workstream-5 and our  
understanding of the parent experience (Workstream-2).

We will also conduct two stakeholder workshops to report our 
findings and gather feedback that will explore identified local 
variation in the prenatal ES service and refine the key features  
of an optimal care pathway from a service delivery, parent  
and professional perspective. Invited participants will include 
professionals from a range of backgrounds and all GLHs, 
policy makers and patient group representatives. During the 
workshops we will present our key research findings and the  
draft recommendations developed by the research team and 
the PPIEP Advisory Group. Discussion will focus on refining  
and prioritising the recommendations.

Through this process we will define current service provi-
sion, identify the 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.

Ethical approval and consent to participate
Our research is being conducted in accordance with the UK  
Policy Framework For Health and Social Care Research which 
sets out the principles of good practice in the management  
of research. Qualitative and quantitative data for this research 
will be collected in a range of settings, and participants will 
include parents, health professionals and policy makers. Research 
involving parents has been reviewed by the Health Research  
Authority (HRA) and an NHS Research Ethics Committee 
(East of Scotland Research Ethics Service REC 1): “Paren-
tal views and experiences of prenatal exome sequencing”  
21/ES/0073. Research involving professionals has been classified 
as a Service Evaluation, not requiring research ethics committee 
approval, by the HRA. The service evaluation has been  
registered with the R&D office at Great Ormond Street Hospital  
for Children NHS Foundation Trust.

Invitations to parents to take part in an interview or work-
shop will be sent after the parents have been offered ES and 
have made their decision to accept or decline testing so that the  
research does not impact on parents’ decision-making about  
prenatal testing. For interviews with parents and professionals, 
the potential participants will be given a participant information  
sheet describing the study, what participation involves,  
confidentiality and plans for data protection and data storage and 
written or verbal (recorded) consent will be obtained. For the 
surveys, returning a completed survey will be taken as implied  
consent to participate.

Study status
The study commenced on October 1st 2020. The study is  
currently open for recruitment.

Study registration
The EXPRESS study was prospectively registered with the  
Research Registry (researchregistry6138).

Dissemination plan
Dissemination will be both formative, as we will feed back  
findings as the study proceeds, and summative. Our strategy for  
engagement, formative feedback and dissemination includes:

•   �Workshops with professionals from a range of backgrounds.

•   �Progress reports shared at a national level with the NHS 
Genomics Laboratory Hub Partnership Board and profes-
sional bodies, such as the Joint Committee on Genomics in  
Medicine and the British Maternal and Fetal Medicine Society.

•   �Peer reviewed publications.

•   �Presentations at national and international conferences.

•   �Plain language summaries of findings, written with the help 
of the PPIEP Advisory Group, will be disseminated to par-
ent and patient networks via meetings, newsletters, social  
media and the EXPRESS study website.

•   �A policy report that will describe the facilitators and barri-
ers to optimal service delivery and deliver recommendations  
for best practice.

Discussion
The EXPRESS study will inform the evolution of a prenatal  
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 parents. Our  
findings will be shared with key stakeholders on a regular basis  
throughout the course of the study to facilitate improvements 
in service delivery, and identify future evaluation and research 
needs. This work will also be an exemplar for evaluating other 
aspects of the NHS GMS; for example, recommendations  
about how best to optimise communication between clinical  
genetics, laboratories and non-genetic specialists will be trans-
ferable, as well as recommendations around supporting equity 
of access and inclusion of diverse population groups. As  
the NHS is an early adopter of prenatal ES, findings may be  
useful to others internationally as they implement similar  
services. As our research will commence within the first year  
of the prenatal ES service, we anticipate generating lessons for  
the GLHs within the timeframe of the study.

A key strength of the research is our mixed-methods approach 
and engagement with stakeholders from a range of backgrounds. 
The duration of the study means that we will be responding  
to themes arising in the case studies and will allow us to  
study developments within the service and strategic responses 
to issues in the service. As previously noted, PPIEP will be 
embedded throughout the study. There are, however, some 
potential limitations. The multi-site nature of the study and  
having several different workstreams will require GLHs to be 
highly engaged with the research. Participants in the health 
professional surveys and interviews (Workstream-1) and 
the parent interviews (Workstream-2) will be self-selected,  
introducing the risk of selection bias. In addition, as the study 
is focused on the implementation of prenatal ES within the 
NHS, a national healthcare service that is unique in many ways, 
some findings may not be directly generalisable to healthcare  
systems in other countries. However, we do anticipate that 
many challenges will be common across countries and lessons 
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from the study will be transferable to other settings. Adapt-
ing to challenges created by the Covid-19 pandemic will impact 
our evaluation. In particular, approaches to data collection may  
be amended. Working remotely and offering interviews by 
phone or video call will be used if needed. This approach 
reflects how health services are adapting to Covid-19 with the 
use of virtual appointments, but we do recognise that virtual  
appointments can be a barrier for some people. Comparison 
of telephone and face-to-face interviews indicates data qual-
ity and richness is similar40 and participants reportedly value  
the practical ease of being interviewed by telephone and 
some can feel more comfortable when discussing sensitive  
topics41,42. However, privacy needs and access to technology 
need consideration and may necessitate in person interviews in  
some cases.

Data availability
Underlying data
No data are associated with this article. Anonymised data  
underlying the results will be made accessible through 

the UCL Data Repository and a DOI will be referenced 
in research publications. Data will be made available 
under the terms of the Creative Commons Attribution 4.0  
(CC BY 4.0).

Reporting guidelines
University College London: SRQR Checklist for the Optimis-
ing EXome PREnatal Sequencing Services (EXPRESS) study,  
https://doi.org/10.5522/04/1727738643.

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgements
Thank you to the professionals supporting the study at each of 
the GLHs/GMSAs. An earlier version of this study protocol  
can be found on the NIHR Funding and Awards website;  
https://www.fundingawards.nihr.ac.uk/award/NIHR127829

References

1. 	 Calzolari E, Barisic I, Loane M, et al.: Epidemiology of multiple congenital 
anomalies in Europe: a EUROCAT population-based registry study. Birth 
Defects Res A Clin Mol Teratol. 2014; 100(4): 270–6.  
PubMed Abstract | Publisher Full Text 

2. 	 Boyd PA, Tonks AM, Rankin J, et al.: Monitoring the prenatal detection of 
structural fetal congenital anomalies in England and Wales: register-based 
study. J Med Screen. 2011; 18(1): 2–7.  
PubMed Abstract | Publisher Full Text 

3. 	 Lord J, McMullan DJ, Eberhardt RY, et al.: Prenatal exome sequencing analysis 
in fetal structural anomalies detected by ultrasonography (PAGE): a cohort 
study. Lancet. 2019; 393(10173): 747–757.  
PubMed Abstract | Publisher Full Text | Free Full Text 

4. 	 Petrovski S, Aggarwal V, Giordano JL, et al.: Whole-exome sequencing in the 
evaluation of fetal structural anomalies: a prospective cohort study. Lancet. 
2019; 393(10173): 758–767.  
PubMed Abstract | Publisher Full Text 

5. 	 Best S, Wou K, Vora N, et al.: Promises, pitfalls and practicalities of prenatal 
whole exome sequencing. Prenat Diagn. 2018; 38(1): 10–19.  
PubMed Abstract | Publisher Full Text | Free Full Text 

6. 	 Chandler N, Best S, Hayward J, et al.: Rapid prenatal diagnosis using targeted 
exome sequencing: a cohort study to assess feasibility and potential 
impact on prenatal counseling and pregnancy management. Genet Med. 
2018; 20(11): 1430–1437.  
PubMed Abstract | Publisher Full Text 

7. 	 Vora NL, Gilmore K, Brandt A, et al.: An approach to integrating exome 
sequencing for fetal structural anomalies into clinical practice. Genet Med. 
2020; 22(5): 954–961.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8. 	 Becher N, Andreasen L, Sandager P, et al.: Implementation of exome 
sequencing in fetal diagnostics-Data and experiences from a tertiary 
center in Denmark. Acta Obstet Gynecol Scand. 2020; 99(6): 783–790.  
PubMed Abstract | Publisher Full Text 

9. 	 International Society for Prenatal Diagnosis, Society for Maternal and Fetal 
Medicine, Perinatal Quality Foundation: Joint Position Statement from 
the International Society for Prenatal Diagnosis (ISPD), the Society for 
Maternal Fetal Medicine (SMFM), and the Perinatal Quality Foundation 
(PQF) on the use of genome-wide sequencing for fetal diagnosis. Prenat 
Diagn. 2018; 38(1): 6–9.  
PubMed Abstract | Publisher Full Text 

10. 	 Monaghan KG, Leach NT, Pekarek D, et al.: The use of fetal exome sequencing 
in prenatal diagnosis: a points to consider document of the American 
College of Medical Genetics and Genomics (ACMG). Genet Med. 2020; 22(4): 
675–680.  
PubMed Abstract | Publisher Full Text 

11. 	 Mone F, McMullan DJ, Williams D, et al.: Evidence to support the clinical utility 
of prenatal exome sequencing in evaluation of the fetus with congenital 
anomalies: Scientific Impact Paper No. 64 [February] 2021. BJOG. 2021; 
128(9): e39–e50.  
PubMed Abstract | Publisher Full Text 

12. 	 NHS England: National Genomic Test Directory. Testing Criteria for Rare and 
Inherited Disease. Accessed August 2021.  
Reference Source

13. 	 Barwell J, Snape K, Wedderburn S: The new genomic medicine service and 
implications for patients. Clin Med (Lond). 2019; 19(4): 273–277.  
PubMed Abstract | Publisher Full Text | Free Full Text 

14. 	 Kalynchuk EJ, Althouse A, Parker LS, et al.: Prenatal whole-exome sequencing: 
parental attitudes. Prenat Diagn. 2015; 35(10): 1030–6.  
PubMed Abstract | Publisher Full Text 

15. 	 Bayefsky MJ, White A, Wakim P, et al.: Views of American OB/GYNs on the 
ethics of prenatal whole-genome sequencing. Prenat Diagn. 2016; 36(13): 
1250–1256.  
PubMed Abstract | Publisher Full Text 

16. 	 Quinlan-Jones E, Kilby MD, Greenfield S, et al.: Prenatal whole exome 
sequencing: the views of clinicians, scientists, genetic counsellors and 
patient representatives. Prenat Diagn. 2016; 36(10): 935–941.  
PubMed Abstract | Publisher Full Text 

17. 	 Quinlan-Jones E, Hillman SC, Kilby MD, et al.: Parental experiences of prenatal 
whole exome sequencing (WES) in cases of ultrasound diagnosed fetal 
structural anomaly. Prenat Diagn. 2017; 37(12): 1225–1231.  
PubMed Abstract | Publisher Full Text 

18. 	 Vora NL, Powell B, Brandt A, et al.: Prenatal exome sequencing in anomalous 
fetuses: new opportunities and challenges. Genet Med. 2017; 19(11):  
1207–1216.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19. 	 Talati AN, Gilmore KL, Hardisty EE, et al.: Impact of prenatal exome 
sequencing for fetal genetic diagnosis on maternal psychological 
outcomes and decisional conflict in a prospective cohort. Genet Med. 2021; 
23(4): 713–719.  
PubMed Abstract | Publisher Full Text | Free Full Text 

20. 	 Harding E, Hammond J, Chitty LS, et al.: Couples experiences of receiving 
uncertain results following prenatal microarray or exome sequencing: 
A mixed-methods systematic review. Prenat Diagn. 2020; 40(8): 1028–1039. 
PubMed Abstract | Publisher Full Text | Free Full Text 

21. 	 Fulop N, Boaden R, Hunter R, et al.: Innovations in major system 
reconfiguration in England: a study of the effectiveness, acceptability and 
processes of implementation of two models of stroke care. Implement Sci. 
2013; 8: 5.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 12 of 20

NIHR Open Research 2022, 2:10 Last updated: 20 JUL 2022

https://doi.org/10.5522/04/17277386
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.fundingawards.nihr.ac.uk/award/NIHR127829
http://www.ncbi.nlm.nih.gov/pubmed/24723551
http://dx.doi.org/10.1002/bdra.23240
http://www.ncbi.nlm.nih.gov/pubmed/21536809
http://dx.doi.org/10.1258/jms.2011.010139
http://www.ncbi.nlm.nih.gov/pubmed/30712880
http://dx.doi.org/10.1016/S0140-6736(18)31940-8
http://www.ncbi.nlm.nih.gov/pmc/articles/6386638
http://www.ncbi.nlm.nih.gov/pubmed/30712878
http://dx.doi.org/10.1016/S0140-6736(18)32042-7
http://www.ncbi.nlm.nih.gov/pubmed/28654730
http://dx.doi.org/10.1002/pd.5102
http://www.ncbi.nlm.nih.gov/pmc/articles/5745303
http://www.ncbi.nlm.nih.gov/pubmed/29595812
http://dx.doi.org/10.1038/gim.2018.30
http://www.ncbi.nlm.nih.gov/pubmed/31974414
http://dx.doi.org/10.1038/s41436-020-0750-4
http://www.ncbi.nlm.nih.gov/pmc/articles/7205580
http://www.ncbi.nlm.nih.gov/pubmed/32304219
http://dx.doi.org/10.1111/aogs.13871
http://www.ncbi.nlm.nih.gov/pubmed/29315690
http://dx.doi.org/10.1002/pd.5195
http://www.ncbi.nlm.nih.gov/pubmed/31911674
http://dx.doi.org/10.1038/s41436-019-0731-7
http://www.ncbi.nlm.nih.gov/pubmed/33590639
http://dx.doi.org/10.1111/1471-0528.16616
https://www.england.nhs.uk/publication/national-genomic-test-directories/
http://www.ncbi.nlm.nih.gov/pubmed/31308102
http://dx.doi.org/10.7861/clinmedicine.19-4-273
http://www.ncbi.nlm.nih.gov/pmc/articles/6752257
http://www.ncbi.nlm.nih.gov/pubmed/26151551
http://dx.doi.org/10.1002/pd.4635
http://www.ncbi.nlm.nih.gov/pubmed/27862072
http://dx.doi.org/10.1002/pd.4968
http://www.ncbi.nlm.nih.gov/pubmed/27550507
http://dx.doi.org/10.1002/pd.4916
http://www.ncbi.nlm.nih.gov/pubmed/29049852
http://dx.doi.org/10.1002/pd.5172
http://www.ncbi.nlm.nih.gov/pubmed/28518170
http://dx.doi.org/10.1038/gim.2017.33
http://www.ncbi.nlm.nih.gov/pmc/articles/5675748
http://www.ncbi.nlm.nih.gov/pubmed/33214710
http://dx.doi.org/10.1038/s41436-020-01025-5
http://www.ncbi.nlm.nih.gov/pmc/articles/8503913
http://www.ncbi.nlm.nih.gov/pubmed/32362033
http://dx.doi.org/10.1002/pd.5729
http://www.ncbi.nlm.nih.gov/pmc/articles/8425413
http://www.ncbi.nlm.nih.gov/pubmed/23289439
http://dx.doi.org/10.1186/1748-5908-8-5
http://www.ncbi.nlm.nih.gov/pmc/articles/3545851


22. 	 Fulop NJ, Ramsay AI, Vindrola-Padros C, et al.: Reorganising specialist 
cancer surgery for the twenty-first century: a mixed methods evaluation 
(RESPECT-21). Implement Sci. 2016; 11(1): 155.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23. 	 Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021; 372: n71. 
PubMed Abstract | Publisher Full Text | Free Full Text 

24. 	 Eisenhardt KM: Building Theories from Case Study Research. Acad Manage 
Rev. 1989; 14(4): 532–550.  
Publisher Full Text 

25. 	 Yin RK: Case Study Research: design and methods. (3rd ed.). London: SAGE, 
2003.  
Reference Source

26. 	 Yin RK: Validity and generalization in future case study evaluations. 
Evaluation. 2013; 19(3): 321–332.  
Publisher Full Text 

27. 	 Moore GF, Audrey S, Barker M, et al.: Process evaluation of complex 
interventions: Medical Research Council guidance. BMJ. 2015; 350: h1258. 
PubMed Abstract | Publisher Full Text | Free Full Text 

28. 	 Roberts K, Dowell A, Nie JB: Attempting rigour and replicability in 
thematic analysis of qualitative research data; a case study of codebook 
development. BMC Med Res Methodol. 2019; 19(1): 66.  
PubMed Abstract | Publisher Full Text | Free Full Text 

29. 	 Braun V, Clarke V: Can I use TA? Should I use TA? Should I not use TA? 
Comparing reflexive thematic analysis and other pattern-based 
qualitative analytic approaches. Couns Psychother Res. 2021; 21(1): 37–47. 
Publisher Full Text 

30. 	 Bradley EH, Curry LA, Devers KJ: Qualitative data analysis for health services 
research: developing taxonomy, themes, and theory. Health Serv Res. 2007; 
42(4): 1758–72.  
PubMed Abstract | Publisher Full Text | Free Full Text 

31. 	 Mays N, Pope C: Qualitative research in health care. Assessing quality in 
qualitative research. BMJ. 2000; 320(7226): 50–2.  
PubMed Abstract | Publisher Full Text | Free Full Text 

32. 	 Hill M, Compton C, Karunaratna M, et al.: Client views and attitudes to  
non-invasive prenatal diagnosis for sickle cell disease, thalassaemia and 
cystic fibrosis. J Genet Couns. 2014; 23(6): 1012–21.  
PubMed Abstract | Publisher Full Text 

33. 	 Lewis C, Hill M, Chitty LS: Women’s experiences and preferences for service 

delivery of non-invasive prenatal testing for aneuploidy in a public health 
setting: A mixed methods study. PLoS One. 2016; 11(4): e0153147.  
PubMed Abstract | Publisher Full Text | Free Full Text 

34. 	 National Congenital Anomaly and Rare Disease Registration Service: NCARDRS 
congenital anomaly statistics: annual data. Accessed May 2022.  
Reference Source

35. 	 NHS Digital: NHS Maternity Statistics, England. Accessed May 2022.  
Reference Source

36. 	 Hamblin A, Wordsworth S, Fermont JM, et al.: Clinical applicability and cost 
of a 46-gene panel for genomic analysis of solid tumours: Retrospective 
validation and prospective audit in the UK National Health Service. PLoS 
Med. 2017; 14(2): e1002230.  
PubMed Abstract | Publisher Full Text | Free Full Text 

37. 	 Chitty LS, Wright D, Hill M, et al.: Uptake, outcomes, and costs of 
implementing non-invasive prenatal testing for Down’s syndrome into 
NHS maternity care: prospective cohort study in eight diverse maternity 
units. BMJ. 2016; 354: i3426.  
PubMed Abstract | Publisher Full Text | Free Full Text 

38. 	 Morris S, Karlsen S, Chung N, et al.: Model-based analysis of costs and 
outcomes of non-invasive prenatal testing for Down’s syndrome using 
cell free fetal DNA in the UK National Health Service. PLoS One. 2014; 9(4): 
e93559.  
PubMed Abstract | Publisher Full Text | Free Full Text 

39. 	 Casey D, Murphy K: Issues in using methodological triangulation in 
research. Nurse Res. 2009; 16(4): 40–55.  
PubMed Abstract 

40. 	 Sturges JE, Hanrahan KJ: Comparing Telephone and Face-to-Face Qualitative 
Interviewing: a Research Note. Qual Res. 2004; 4(1): 107–118.  
Publisher Full Text 

41. 	 Mealer M, Jones Rn J: Methodological and ethical issues related to 
qualitative telephone interviews on sensitive topics. Nurse Res. 2014; 21(4): 
32–37.  
PubMed Abstract | Publisher Full Text 

42. 	 Novick G: Is there a bias against telephone interviews in qualitative 
research? Res Nurs Health. 2008; 31(4): 391–398.  
PubMed Abstract | Publisher Full Text | Free Full Text 

43. 	 Hill M: SRQR Checklist for the Optimising EXome PREnatal Sequencing 
Services (EXPRESS) study. University College London. Dataset. 2021.  
http://www.doi.org/10.5522/04/17277386.v1

Page 13 of 20

NIHR Open Research 2022, 2:10 Last updated: 20 JUL 2022

http://www.ncbi.nlm.nih.gov/pubmed/27884193
http://dx.doi.org/10.1186/s13012-016-0520-5
http://www.ncbi.nlm.nih.gov/pmc/articles/5123291
http://www.ncbi.nlm.nih.gov/pubmed/33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pmc/articles/8005924
http://dx.doi.org/10.2307/258557
https://books.google.co.in/books/about/Case_Study_Research.html?id=BWea_9ZGQMwC&redir_esc=y
http://dx.doi.org/10.1177/1356389013497081
http://www.ncbi.nlm.nih.gov/pubmed/25791983
http://dx.doi.org/10.1136/bmj.h1258
http://www.ncbi.nlm.nih.gov/pmc/articles/4366184
http://www.ncbi.nlm.nih.gov/pubmed/30922220
http://dx.doi.org/10.1186/s12874-019-0707-y
http://www.ncbi.nlm.nih.gov/pmc/articles/6437927
http://dx.doi.org/10.1002/capr.12360
http://www.ncbi.nlm.nih.gov/pubmed/17286625
http://dx.doi.org/10.1111/j.1475-6773.2006.00684.x
http://www.ncbi.nlm.nih.gov/pmc/articles/1955280
http://www.ncbi.nlm.nih.gov/pubmed/10617534
http://dx.doi.org/10.1136/bmj.320.7226.50
http://www.ncbi.nlm.nih.gov/pmc/articles/1117321
http://www.ncbi.nlm.nih.gov/pubmed/24788196
http://dx.doi.org/10.1007/s10897-014-9725-4
http://www.ncbi.nlm.nih.gov/pubmed/27045195
http://dx.doi.org/10.1371/journal.pone.0153147
http://www.ncbi.nlm.nih.gov/pmc/articles/4821600
https://www.gov.uk/government/publications/ncardrs-congenital-anomaly-annual-data
https://digital.nhs.uk/data-and-information/publications/statistical/nhs-maternity-statistics/2020-21/data-quality-statement-hes
http://www.ncbi.nlm.nih.gov/pubmed/28196074
http://dx.doi.org/10.1371/journal.pmed.1002230
http://www.ncbi.nlm.nih.gov/pmc/articles/5308858
http://www.ncbi.nlm.nih.gov/pubmed/27378786
http://dx.doi.org/10.1136/bmj.i3426
http://www.ncbi.nlm.nih.gov/pmc/articles/4933930
http://www.ncbi.nlm.nih.gov/pubmed/24714162
http://dx.doi.org/10.1371/journal.pone.0093559
http://www.ncbi.nlm.nih.gov/pmc/articles/3979704
http://www.ncbi.nlm.nih.gov/pubmed/19653545
http://dx.doi.org/10.1177/1468794104041110
http://www.ncbi.nlm.nih.gov/pubmed/24673351
http://dx.doi.org/10.7748/nr2014.03.21.4.32.e1229
http://www.ncbi.nlm.nih.gov/pubmed/18203128
http://dx.doi.org/10.1002/nur.20259
http://www.ncbi.nlm.nih.gov/pmc/articles/3238794
http://www.doi.org/10.5522/04/17277386.v1


Open Peer Review
Current Peer Review Status:   

Version 1

Reviewer Report 17 May 2022

https://doi.org/10.3310/nihropenres.14363.r28595

© 2022 Jobanputra V. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Vaidehi Jobanputra   
1 New York Genome Center, New York, NY, USA 
2 Columbia University Irving Medical Center, New York, NY, USA 

This is an important study the NHS has embarked to evaluate the prenatal exome sequencing 
service. The NHS in England is the first large national healthcare system to systematically embed 
genome and exome sequencing in routine clinical care. The overall study design will deliver high 
throughput and high-quality genomic testing with equity of access for patients across the NHS 
and collect potential data for variation in referrals, uptake, diagnostic rates, parent and provider 
expectations, costs, and technical considerations of genomic reporting in a prenatal setting. 
 
The 3-year prospective evaluation of prenatal ES in the NHS GMS will analyze the national 
implementation of prenatal and determine an optimal pathway that maximizes benefits for 
parents while optimizing use of NHS resources. This research will identify ethical and practical 
issues and highlight any unintended consequences of the new testing modality. 
 
The research study design is based on a framework developed in previous studies of major system 
innovation, which is well thought through. A Steering Committee with academic, professional, and 
patient and public involvement, will oversee the evaluation and provide guidance through regular 
interactions with the research team throughout the study. The study has 7 objectives clearly 
defined with the nationwide setting and will look at provisions of prenatal ES across England. The 
study team has identified Phases of the study, data collection and analysis for each phase is also 
described. The strengths and limitations are recognized by the study team. I am looking forward 
to seeing the results of this innovative study which will inform the implementation of prenatal ES 
nationally and some aspects may be informative internationally.
 
Is the rationale for, and objectives of, the study clearly described?
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Is the study design appropriate for the research question?
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This important research is obviously well underway, but this was not clear to me until I got to page 
10. I wrote the following before realising this: 
 
EXPRESS is described as a 3-year prospective evaluation of prenatal ES in the NHS GMS. This is 
confusing as on page 4 it says that prenatal ES was implemented nationally in the NHS GMS in Oct 
2020, yet in other places the implication is that this has not begun, and the evaluation will be on 
the 1st 6 months, 18 months etc.

See 1st para on page 5 – ‘research will commence in the first year of the prenatal ES service’.○

Also, on page 6, phase 1 of Workstream 1 covers the 1st 6 months, while phase 2 covers 6-
18 months.

○

Also, on page 7 under Phase 3, ‘As the prenatal ES service is entirely new to the NHS, there 
is no baseline,..”

○

This needs clarification – how does EXPRESS fit into the existing service? Has it already begun? 
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When I reached page 10, I saw that the study began in Oct 2020, so this protocol is 
retrospective. Does the protocol need to reflect this somehow with use of past tense when 
appropriate? It refers to COVID-19 in the Discussion, so this is a contemporary issue. 
 
Use of Figure 1: The way this was referred to in the text could have been clearer; why were details 
relating to the 4 boxes on the LHS provided, but no other sections? Does the phrase ‘developing 
and agreeing new service models’ = ‘decisions on care pathways’? This Figure is not referred to 
elsewhere. 
 
Aligning of Objectives and Workstreams was not always done. For instance, where are the 
health professional education and information needs (part of Objective C) studied?  
 
WS1: Phase 1, section 2): ‘key staff’ = ‘professionals’ ? What is the difference between 2) and 3) 
interviewees – those establishing the service versus those delivering the service? This should be 
made clearer and not left until a few paragraphs later where there is a rather vague description of 
recruitment of ‘professionals’, somewhat a repeat of phase 1, section 3). 
 
How will the quantitative surveys mentioned in WS 1, phase 2, examine ‘referral pathways and 
patient flow..’ and then be summarised as frequencies (see last sentence of data analysis)? 
 
WS2: Selection/recruitment bias? 1st paragraph says 'participants will be purposefully sampled to 
ensure…'. The next paragraph says parents who have accepted or declined ES will be identified 
and a letter sent to potential participants (I presume this includes those who declined) who will 
then have to contact the research team themselves if they decide to participate. The same process 
is used for those offered ES and those with previous fetal anomaly. How will bias be recognised 
and dealt with?  
 
WS3: Data quality. It seems imperative that outcome data quality is high, so a reference to the 
quality is needed. Is there complete ascertainment of outcomes of all types? 
The dot points relating to the descriptive analysis are very simplistic, especially the 4th where 
covariates and outcomes are mixed up. What is the ‘source of referral’ – is this the GLH? If not, is 
that to be something also collected under dot point 2? 
 
WS4: Information will be used from WS1 interviews with 2-3 professionals per GLH. Then there will 
be 3-4 Workshops, also with people from the GLHs and clinical services. This all sounds rather 
vague, but maybe that’s OK – could they be the same people? Will professionals and parents be in 
the same workshops? 
 
WS5: This was clear and plenty of detail supplied. 
 
The Integration of findings section (relating to Objective G, I presume) also has workshops, but 
who with etc? I’m not sure if such lack of detail is acceptable for a protocol paper like this, but I am 
left feeling that the evaluation is very open-ended. Maybe refer back to Figure 1 to help bring it all 
together.
 
Is the rationale for, and objectives of, the study clearly described?
Yes

NIHR Open Research

 
Page 16 of 20

NIHR Open Research 2022, 2:10 Last updated: 20 JUL 2022



Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Epidemiology, prenatal genetics

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 25 Jun 2022
Melissa Hill, Great Ormond Street Hospital for Children, London, UK 

Thank you for your thoughtful and constructive comments. We have revised the manuscript 
and hope that your comments have been addressed to your satisfaction. 
 
Reviewer 1 
This important research is obviously well underway, but this was not clear to me until 
I got to page 10. I wrote the following before realising this: EXPRESS is described as a 
3-year prospective evaluation of prenatal ES in the NHS GMS. This is confusing as on 
page 4 it says that prenatal ES was implemented nationally in the NHS GMS in Oct 
2020, yet in other places the implication is that this has not begun, and the evaluation 
will be on the 1st 6 months, 18 months etc. See 1st para on page 5 – ‘research will 
commence in the first year of the prenatal ES service’. Also, on page 6, phase 1 of 
Workstream 1 covers the 1st 6 months, while phase 2 covers 6-18 months. Also, on 
page 7 under Phase 3, ‘As the prenatal ES service is entirely new to the NHS, there is 
no baseline,..” This needs clarification – how does EXPRESS fit into the existing service? 
Has it already begun? 
 
When I reached page 10, I saw that the study began in Oct 2020, so this protocol is 
retrospective. Does the protocol need to reflect this somehow with use of past tense 
when appropriate? It refers to COVID-19 in the Discussion, so this is a contemporary 
issue. 
 
We agree that the start date of EXPRESS matching the start date of the prenatal ES service 
was not made clear until part way through the manuscript. We have added a sentence to 
the abstract and to the last paragraph of the introduction to make it clear upfront that 
EXPRESS started at the same time as the prenatal ES service. We have also changed the 
tense throughout when referring to the start of the service or the start of EXPRESS. 
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Use of Figure 1: The way this was referred to in the text could have been clearer; why 
were details relating to the 4 boxes on the LHS provided, but no other sections? Does 
the phrase ‘developing and agreeing new service models’ = ‘decisions on care 
pathways’? This Figure is not referred to elsewhere. 
 
Thank you for picking up the discrepancy in the wording between the figure and the text. 
We have changed the text describing the key elements of the framework for major systems 
innovation to match the wording in the figure. We have also added further information in 
the text about the framework (including additional references to the figure) and how it will 
be applied in our analysis to the sections on Study Design, Workstream-1 - Data Collection 
and Analysis and Integration of Findings. 
 
This feedback prompted us to add more detail about how the analysis of the three separate 
phases in worksteam-1 will be conducted. As we worked through this revision, we made the 
decision to remove Normalisation Process Theory from our planned analysis framework to 
focus on the framework for major systems innovation and the MRC guidance for process 
evaluations. As such we have removed the reference to Normalisation Process Theory 
throughout the manuscript. 
 
Aligning of Objectives and Workstreams was not always done. For instance, where are 
the health professional education and information needs (part of Objective C) 
studied?  
 
To address this point we have added the relevant workstream(s) to each of objectives listed 
in the Specific Objectives. Training and education needs of professionals will be addressed 
in workstream-1 through the interviews and surveys with professionals – we have added a 
reference to this in the description of workstream-1. 
 
WS1: Phase 1, section 2): ‘key staff’ = ‘professionals’ ? What is the difference between 2) 
and 3) interviewees – those establishing the service versus those delivering the 
service? This should be made clearer and not left until a few paragraphs later where 
there is a rather vague description of recruitment of ‘professionals’, somewhat a 
repeat of phase 1, section 3). 
 
We have added additional detail to distinguish between the types of professionals we will 
interview in our national level interviews – staff involved at a national level in deciding to 
implement the service and who developed the national guidance on service delivery (point 
2) and in our local level interviews - the staff on the ground at each GLH who are delivering 
the service in their daily clinical practice (point 3). 
 
How will the quantitative surveys mentioned in WS 1, phase 2, examine ‘referral 
pathways and patient flow..’ and then be summarised as frequencies (see last 
sentence of data analysis)? 
 
We have changed the wording of the sentence referring to frequencies to be clear that 
descriptive statistics will be used to analyse the survey data. We have also included 
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additional detail about the analysis plans for the three phases of data collection described in 
workstream-1. This includes a description of how the summarising of the qualitative and 
quantitative data into case study templates will allow service components and care 
pathways to be categorised into typologies for comparison within and between GLHs. 
 
WS2: Selection/recruitment bias? 1st paragraph says 'participants will be purposefully 
sampled to ensure…'. The next paragraph says parents who have accepted or declined 
ES will be identified and a letter sent to potential participants (I presume this includes 
those who declined) who will then have to contact the research team themselves if 
they decide to participate. The same process is used for those offered ES and those 
with previous fetal anomaly. How will bias be recognised and dealt with?  
 
We agree that there is the potential for selection bias in the parent interviews and also in 
the professional interviews/survey where purposeful sampling will also be used. Letters of 
invitation to take part in an interview will be sent to parents who accepted prenatal ES 
testing and also to those who declined. We have added an additional step in our 
recruitment procedure to engage parents in the study, whereby the local clinical team will 
call the potential participants to discuss the study if they have not responded to the initial 
letter of invitation. To reduce the risks of selection bias for the professional survey and 
interviews we are approaching key contacts, such as the clinical geneticists who act as 
service leads for their region, so that we target the most appropriate people in each GLH 
with our study invitations. We have added a sentence to the discussion to acknowledge the 
risk of selection bias. The risk of selection bias will be acknowledged and discussed in the 
limitations section of any resulting publications. 
 
WS3: Data quality. It seems imperative that outcome data quality is high, so a 
reference to the quality is needed. Is there complete ascertainment of outcomes of all 
types? 
The dot points relating to the descriptive analysis are very simplistic, especially the 4th  
where covariates and outcomes are mixed up. What is the ‘source of referral’ – is this 
the GLH? If not, is that to be something also collected under dot point 2? 
 
We have revised the section describing workstream-3, adding further information about 
data quality, clarified the ‘source of referral’, and moved information related to data 
collection to a sub-section titled “Data collection and analysis”. We have also delineated the 
covariates and outcomes by adding a separate bullet point for each one. 
 
WS4: Information will be used from WS1 interviews with 2-3 professionals per GLH. 
Then there will be 3-4 Workshops, also with people from the GLHs and clinical services. 
This all sounds rather vague, but maybe that’s OK – could they be the same people? 
Will professionals and parents be in the same workshops? 
 
We have added additional detail about the planned workshops. Separate workshops for 
professionals and parents will be held. We hope that holding workshops specifically for 
parents will help to facilitate an open discussion that is focussed on the issues that are most 
important to parents. Parents will be invited through patient groups (e.g. from ARC, 
UNIQUE and Genetic Alliance UK) and through NHS maternity services. For the workshops 
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with professionals it is possible that some professionals will attend more than one 
workshop as invitations will be advertised broadly and no restrictions on attendance will be 
applied. This potential for bias will be discussed in any publications that arise. 
 
WS5: This was clear and plenty of detail supplied. 
 
Thank you. 
 
The Integration of findings section (relating to Objective G, I presume) also has 
workshops, but who with etc? I’m not sure if such lack of detail is acceptable for a 
protocol paper like this, but I am left feeling that the evaluation is very open-ended. 
Maybe refer back to Figure 1 to help bring it all together. 
  
As suggested, we have added a paragraph to the section on Integration of findings to 
highlight that integration of the data from all workstreams will focus on addressing our 
study objectives and be underpinned by the conceptual framework of major system 
innovation which is described in Figure 1. 
 
We have added more detail about who will be invited and the purpose and content of the 
proposed workshops.  
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