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1 Executive summary

Cardiovascular imaging research has huge potential to improve patient care and the UK is world-
leading in its cardiovascular imaging research. However, the full realisation of this potential will
require the harnessing of new large-scale data science resources, linkage to other health data, and
novel analysis and machine learning techniques.

The British Heart Foundation (BHF) Data Science Centre Imaging Workshop brought together a wide
range of stakeholders to explore the opportunities and challenges to improve cardiovascular imaging
research, and address the central question of How can we use imaging data to better understand
cardiovascular disease?

The insights gathered in the workshop have been used to guide our plans in this area, with the aim of
advancing the use of imaging data in cardiovascular disease research to improve patient care. We plan
to identify and obtain consensus on priorities in cardiovascular imaging research, to address key
challenges in delivering these such as data access, storage, processing, and linkage to heath data, and
to engage with patients and the public to obtain and maintain trust.

2 Background and aim

Cardiovascular disease remains the leading cause of death globally [1] and in the UK 7.6 million people
are living with heart and circulatory disease [2]. The use of cardiovascular imaging in patient care has
increased dramatically over the past 20 years, and today there is widespread use of techniques such
as echocardiography, computed tomography (CT), magnetic resonance imaging (MRI), positron
emission tomography (PET), electrocardiography (ECG), chest x-ray and diagnostic invasive coronary
angiography (ICA). In addition, new techniques are emerging in cardiovascular disease assessment
including retinal imaging and electroanatomic mapping. These modalities give detailed information
on the structure and function of the heart, brain and blood vessels and are central to diagnosis and
management of patients with cardiovascular diseases.

Cardiovascular imaging is widely used in cardiovascular disease research. It is used to better
understand disease phenotypes, improve risk stratification, and assess the impact of treatments, with
imaging markers used as endpoints in clinical trials. However, there is potential to improve how we
use cardiovascular imaging in research. Combining imaging data with other healthcare information,
such as healthcare utilisation, clinical outcomes, and medication use, would significantly augment its
utility. Data science is a central component of these research activities, with machine learning (also
called artificial intelligence or Al) showing great promise over recent years for the analysis of large
datasets and direct analysis of images.

Establishing imaging datasets with linkage to healthcare records to support large-scale cardiovascular
research presents many challenges. These include linking imaging data to other healthcare data,
accessing, storing, processing, cleaning, and annotating imaging data, and developing and using
machine learning techniques. Addressing these barriers through leveraging the experience of the UK’s
world leading cardiovascular imaging researchers, harnessing previous experience of linking other
types of healthcare information, and developing cross disciplinary collaborations presents an
opportunity to advance mechanistic understanding, prediction, prevention, and treatment of
cardiovascular diseases through large-scale cardiovascular imaging research.
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The British Heart Foundation (BHF) Data Science Centre organised a workshop to understand the key
opportunities and challenges associated with using imaging data in cardiovascular research, and what
steps can be taken to realise and address these. The objectives of the workshop were to:

¢ Toidentify the key research questions that cardiovascular imaging should be used to address

¢ To understand the key challenges of using imaging data in cardiovascular research, including
technical, analytic, and regulatory issues

e To assess the potential for federated analysis and federated learning to enhance
cardiovascular imaging research

e To create a UK wide network of diverse stakeholders interested in using imaging in
cardiovascular research

3 Workshop summary

3.1 Workshop organisation

The workshop was held virtually on the afternoon of 17™" November and the morning of 18"
November 2021. It brought together representatives from a wide range of relevant stakeholder
groups. Five patient/public representatives also attended the workshop.

3.2 Workshop sessions

The workshop was organised around four sessions, each centred on an important question (Table 1).
Each session featured talks from invited speakers followed by an interactive breakout session to
facilitate broad and open discussion and to gather input from all participants. During the breakout
session, workshop participants were split into 5 groups, each with a chair and facilitator. Participant
input was captured using virtual whiteboards, using an online tool called Mural. During interactive
breakouts of Sessions 3 and 4, the patient/public representatives joined a separate breakout group to
discuss questions of specific interest to the patients and public (Table 2). The final session summarised
the discussions and featured a chaired panel discussion around identifying next steps. We also
organised discussion sessions with the patient/public representatives before and after the workshop.
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Table 1. Workshop session topics and breakout session questions.

Topic Aim Breakout session questions

1. What are the most Build consensus, and define key What are the most important research

important research research questions questions that cardiovascular imaging can

questions that be used to address?

cardiovascular imaging What criteria should be used for

can be used to address? prioritisation?

2. What are the biggest Identify the biggest challenges for =~ What are the most important research

challenges for using using imaging data in research questions that cardiovascular imaging can

imaging data in be used to address?

cardiovascular research? What criteria should be used for
prioritisation?

3. What are the Identify the challenges and What are the requirements for a pipeline

requirements for a barriers for an analysis pipeline to support cardiovascular imaging

pipeline to support supporting cardiovascular research?

cardiovascular imaging imaging research What could be done to deliver such a

research? pipeline?

4. How can federated Build consensus on how Which types of cardiovascular imaging

analysis and federated federated analysis/learning could = research questions could be addressed

learning be used to be used to support cardiovascular = with a federated learning/analysis

improve cardiovascular imaging research approach?

imaging research? What are the advantages and challenges

of a federated learning/analysis approach?
How might we resolve these challenges?

Table 2. Public and patient representative breakout sessions (Sessions 3 and 4, Day 2).

Topic Aim Breakout session question(s)

3. What are the views of = To understand patent and public ~ What are your concerns, if any, about

patients and the public opinions on the benefits and imaging data being used?

on using imaging datain = concerns of using imaging datain =~ What do you think are the benefits of

research? research. imaging data being available/used in
research?

4. How can we best To understand patient and public =~ What do you think are good ways of

communicate imaging opinions on the best ways to explaining imaging data research?

data research to patients = communicate imaging research. Can you suggest specific words to use or

and the public? not use, and the kinds of formats we

should consider for effective
communication?

3.3 Workshop participants

Workshop participants represented a wide range of stakeholder groups, including imaging,
cardiovascular, data science and computer science researchers, NHS professionals, representatives
from NHS organisations, relevant societies and companies, data custodians and patient/public
representatives (Figure 1). Participants used a variety of established imaging techniques in clinical
practice or research (Figure 2), as well as new and novel techniques such as retinal imaging and
electroanatomic mapping.
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Figure 1. Stakeholder groups represented by workshop participants.
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4 Workshop sessions in detail

4.1 Whatarethe mostimportantresearch questions that cardiovascularimagingcan
be used to address?

The first session focused on identifying the most important research questions that cardiovascular
imaging research should be used to address. Cardiovascular imaging includes anything that creates an
image of the heart or blood vessels, or the brain in connection with stroke. This involves a wide variety
of types of imaging and many potential research questions. This session aimed to begin to develop
consensus regarding the most important research questions that will help guide the focus of the BHF
Data Science Centre, and of other research groups and funders.

The UK’s world leading position in cardiovascular imaging research was demonstrated by Professor
Jeremy Pearson’s (BHF Associate Medical Director) talk on “Cardiovascular research imaging in the UK
—the BHF’s contribution”. He cited significant improvements in imaging technologies, clinical practice,
patient care and NHS capacity due to cardiovascular imaging research that had been performed in the
UK.

Professor Marc Dweck (University of Edinburgh) presented on the wide range of imaging modalities
that are now available for cardiovascular imaging, providing detailed information on anatomy,
function, and disease. Different characteristics of each imaging modality make them suited to tackle
particular research questions, and combinations of imaging modalities can help develop a greater
understanding of disease.

Dr Michelle Williams (BHF Data Science Centre Associate Director) introduced the BHF Data Science
Centre’s plan to carry out a prioritisation exercise to answer the question “What are the most
important research questions that cardiovascular imaging should be used to address?”. Building on
the success of previous prioritisation exercises in this area [3], we will be using a modified Delphi
technique to collect expert judgements and identify consensus among stakeholders. The first stage of
this process involves gathering suggested research questions from a broad range of stakeholders,
before two rounds of prioritisation. Prior to the workshop, participants were asked to submit potential
research questions and over 150 diverse questions were submitted (Figure 3). During the breakout
session, participants were prompted to provide and discuss potential additional questions and
encouraged to think broadly in terms of imaging modalities, parts of the body and types of research.
This will form the basis of the planned prioritisation exercise to be performed in 2022.

Several themes emerged across the breakout group discussions, including using imaging to improve
diagnosis and risk prediction, maximising the use of existing data and linking to other datasets,
ensuring space for blue-sky research and development of new imaging technologies, understanding
disease mechanisms and normal cardiovascular health, developing improved imaging and image
analysis techniques, developing new evidence based machine learning techniques, advancing the
understanding of multisystem disease, and improving patient focused care. It was highlighted that
national imaging datasets and information about what imaging is being performed would be valuable
to improve research in this area. The patient/public representatives highlighted the importance of
considering patient focused aspects of research such as the patient experience and making scans
safer, shorter, and less frequent. The prioritisation exercise aims to help direct the activities of the
centre, but it was highlighted that we should also make room for “blue-sky” research, as we never
know where the next innovation in imaging may come from.
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Figure 3.” Word cloud” generated based on the research questions submitted by workshop
participants as part of the pre-workshop survey.
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Participants were then asked to consider what domains should be used to prioritise the research
guestions. There are a wide variety of ways that research can be prioritised, and participants were
presented with 12 commonly used domains: affordability, answerability, cost, deliverability, equity,
feasibility, impact, importance, novelty, potential for translation, relevance, and sustainability. They
were asked to suggest any additional domains that they thought were missing and to vote for the
three they thought were the most important (Appendix D).

The number of votes for each prioritisation domain, summed across the five breakout groups, is shown
in Figure 4. Impact, potential for translation and importance were the highest scoring domains. The
additional domains of “cost effectiveness” and “value for money” were suggested. The votes for these
domains were combined with those for “cost”, and together these were the fourth most voted for
domain. The results from this workshop session will be considered when selecting the domains for
use in the prioritisation exercise.

Figure 4. Prioritisation domains identified during interactive breakout groups.
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4.2 What are the biggest challenges for using imaging data in cardiovascular
research?

This session opened with Professor Steffen Petersen (Queen Mary University of London), Dr Joseph

Jacob (University College London), and Professor Carola-Bibiane Schonlieb (University of Cambridge)

presenting their experiences of using different types of imaging data in cardiovascular research and

the challenges involved.

Professor Petersen presented his reflections from the UK Biobank cardiac imaging study [4], which
used a standardised research protocol to acquire images from 100,000 participants across multiple
imaging centres. Professor Petersen noted that the centralised organisation and consented
prospective study design enabled the application of a standardised research protocol with consent to
use clinical data for research. Important challenges included the feasibility of scanning 100,000
people, quality control, data processing and data access, and approaches to incidental findings in
imaging research.

Dr Jacob presented his experience of setting up the National COVID-19 Chest Imaging Database [5]
using routinely performed NHS imaging. An important driver behind this research was the need for
access to representative, diverse, national data to support the training and testing of machine learning
models during the COVID-19 pandemic. Important challenges included variation in patient identifiers,
data curation, removing identifiable information, and the transfer and hosting of large volumes of
data.

Professor Schonlieb presented the challenges of using machine learning in imaging research. Many of
the challenges are due to real world imaging data being complex, diverse, messy, large, and highly
variable. Machine learning needs to be able to cope with these real world data issues. Challenges that
need to be overcome are the trade-off between performance and robustness/rigour, generalisability,
and computational scalability.

Prior to the workshop participants were asked what they thought were the biggest challenges to using
imaging data in research. The most frequent challenges were linking imaging data to other healthcare
data, translating research into clinical practice, image analysis and annotation, and gaining
regulatory/ethical approvals (Figure 5).
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Figure 5. Important challenges highlighted by participants prior to the workshop in an online survey.
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During the breakout session participants considered the question What are the biggest challenges for
using imaging data in cardiovascular research? All statements captured on the virtual whiteboards
were manually reviewed and grouped into themes (Appendix E). The nine themes which received the
highest number of statements (each more than five statements) are shown in Table 3. Many of the
challenges reflect broader challenges of using of routinely collected data in healthcare research.
However, cardiovascular imaging specific challenges included standardisation of image acquisition
and analysis, issues of diversity and biases in datasets, storage of and access to imaging data,
developing and sharing annotations, and infrastructure requirements. The patient/public
representatives highlighted important challenges, including improving communication around
cardiovascular imaging research, improving the patient experience of imaging, and developing safer,
quicker imaging tests that improve patient care.
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Table 3. Key challenges for using imaging data for cardiovascular research raised during the

Challenge theme

Consideration of
patients and
members of the
public

Standardisation

Regulatory hurdles
and governance

Data
representativeness
and validity

Data storage and
access

Leveraging Al

Public perception,
privacy, security,
trust

Infrastructure

Linkage and
anonymisation

Number of
statements

22

21

19

18

16

13

13

breakout sessions.

Examples

Language used in research applications and grants makes them hard to
understand

Need for safer, quicker tests with low or no radiation dose

Challenge of getting new techniques into clinical practice to benefit
patients.

Variations in imaging protocols, imaging sequences, and imaging
formats in different locations and at different time points
Standardisation of image annotation

Variable patient identifiers and meta-data

Time consuming, repetitive, and poorly understood process and forms
for ethics, governance, and regulatory requirements

Lack of national guidelines covering the use of imaging data for
research, particularly for routinely collected data

Variations between different centres creating new inequalities
Understanding potential biases in imaging data and ensuring diversity
Risk of under-representation of geographic regions and certain patient
populations

How to handle missing data

Practicalities of image data sharing and storage

Access to image files vs image derived phenotypes only

Making research data accessible in an equitable manner

Developing and sharing image annotations and ground truth

Testing and training models with real world data

Developing and maintain Al expertise

Need to develop trust with all stakeholders, including patients and the
public, and ensure good communication

Consider public perception of sharing data with industry

Ensure data security

Transferring large volumes of data

Developing infrastructure enable Al techniques

Dealing with multiple storage systems and ways of storing images
Linkage to other health records at scale

How to capture encoded/encrypted identifiers to facilitate data linkage
Consistent and thorough de-identification

The second question discussed during this breakout session was potential ideas to overcome these
challenges. During the discussion the different types of imaging data were highlighted. These include
imaging performed purely for research studies with no feed-back to participants, imaging performed
primarily for research studies where the imaging is also part of clinical care, and imaging performed
primarily for clinical care which could be used in research. Each of these types of imaging data has
potential utility in cardiovascular imaging research. In addition, information about what imaging is
performed, imaging reports and imaging meta-data provide valuable insights into cardiovascular

disease.

11
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In general, workshop participants found it challenging to provide suggestions to overcome these
barriers to cardiovascular imaging research. However, the suggestions provided have broader benefits
than just for cardiovascular imaging research and would benefit other types of imaging and data
science research, and healthcare in general. Potential ideas included:

e Developing guidelines to help standardise all aspects of imaging research, including image
acquisition protocols, post processing and annotation.

e Exploring ways to make the collection, storage, and annotation of imagining data easier,
faster and more robust.

o Developing national and regional imaging datasets suitable for researcher access.

e Using information about what imaging is being performed across the country in research as
well as the imaging data itself.

e Involving patients and the publicin all phases of research, from study design to
communication of the results, and beyond.

e Exploring the use of new privacy preserving techniques such as federated learning.

e Improving training and career development in relevant image analysis and machine learning
techniques to maintain the highly skilled workforce.

e Developing informatics expertise in both the National Health Service (NHS) and academia.

e Exploring and developing new funding opportunities for this type of research.

e Organising imaging based open challenges on important cardiovascular imaging topics.

4.3 What are the requirements for a pipeline to support cardiovascular imaging

research?

Cardiovascular imaging research involves a variety of components, some of which are similar to other
data science research areas, but many of which are distinct to imaging research. This session focused
on the aspects of a pipeline to support cardiovascular imaging research, and machine learning
research in particular. It included talks and discussions around the challenges and potential solutions.
This session opened with Professor Emily Jefferson (University of Dundee), Professor Alex Frangi
(University of Leeds), and Dr Wenjia Bai (Imperial College, London) presenting their experiences of
using imaging data in cardiovascular research and the challenges involved.

Professor Jefferson talked about curating NHS imaging cohorts within a trusted research environment.
The use of Al research in clinical imaging has the potential to improve diagnostic accuracy, develop
new disease detection methods and increase the efficiency of image analysis. However, at present
most research studies use small numbers of research images for development and testing, which limits
their generalizability to real world situations. Professor Jefferson talked about her experience with the
PICTURES program, which has tackled this challenge by creating a copy of Scottish National Picture
Archiving and Communication System (PACS) images from across Scotland’s population of >5 million
people, making these available within a Trusted Research Environment (TRE). De-identified cohorts of
imaging data will be available for researchers within the TRE, with the potential to link to other
relevant healthcare information.

Professor Frangi presented on infrastructure considerations for imaging research. He discussed the
importance of co-creation of imaging research pipelines, so that they meet the needs of researchers
and provide the potential for translation into clinical practice. Key considerations for an image analysis
platform are what it will be used for, how it will be accessed, what software will be available and how

12



BHF Data Science Centre British Heart Foundation
Workshop report — How can we use imaging data to better understand Data Science Centre

cardiovascular disease? Led by Health Data Research UK

it will be maintained. Important challenges are interoperability between platforms and scalability.
Starting with a pipeline for a small-scale, high-impact pilot would help develop an understanding of
the central components, user requirements and limitations.

Dr Bai talked about pre-processing and image annotation for machine learning research. He presented
work investigating how differences in the manually annotated images used in training will influence
the performance of models. His talk highlighted the importance of having diverse training datasets
and the importance of involving human assessment in the development of machine learning models.

During the breakout session participants were presented with an outline of a pipeline to support
cardiovascular imaging research and were asked to consider potential challenges and solutions.
Aspects of this pipeline that are common to other areas of health data science research include
obtaining funding, ethical and regulatory authorisations, dissemination of results and translation into
clinical practice. Imaging specific aspects include image acquisition, sharing imaging, data storage, pre-
processing, image analysis, and image annotation. Application of machine learning techniques poses
additional challenges, including need for training and testing datasets, and for diverse real world
validation of machine learning techniques. Figure 6 illustrates the steps in the outline pipeline with
suggestions gathered during the breakout session that would help solve potential challenges at each
step. Suggestions from the virtual whiteboards are presented in Appendix G.

An important suggestion from workshop participants was that this process should be circular and
iterative, rather than linear. Making sure that the machine learning research that shows benefits to
patients becomes part of clinical practice is essential, but monitoring and ongoing training will also be
important. Challenges highlighted by the breakout groups included ensuring multi-stakeholder buy-in
from the start, communication with funders around the benefits of this type of research, issues of
governance and regulatory approvals, methods to access data from PACS systems, developing and
sharing image annotations, dealing with incidental findings, training, and career development to
maintain the workforce, and considering the best approaches for collaborating with industry. It was
also highlighted that annotations or reports performed for clinical practice may be different from
those that are optimised for research and combining these can be challenging. Image annotations
were highlighted as one of the most challenging, time-consuming, and expensive aspects of machine
learning imaging research, and ways to share these annotations with other researchers could facilitate
new research findings with benefits to patients. Potential solutions to these challenges are highlighted
in Figure 6.

13
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Figure 6. Potential solutions to key challenges at different points of the cardiovascular imaging
research pipeline discussed during breakout sessions.

* Prioritisation of the most important research questions
Fundlng * Funding to facilitate better communication between
engineers, imaging researchers and clinicians

* Approval processes that work across different centres and
Authorisations organisations, so only one application is needed

« Standardisation of patient consent and opt-out options

» Build protocols into imaging devices
Imaging * Guidelines for standardisation of image acquisition, storage,
annotation and pre-processing

* Facilitate curation of well designed multi-centre datasets to be
Dataset curation used for multiple research studies

» Develop datasets that represent both disease and health

* Ensure that data is stored in a way that facilitates imaging
Data storage research, including annotation and machine learning
* Explore new storage methods improve access e.g. cloud based

» Keep data close to "real" clinical data
* Avoid making datasets too "clean" and training too easy

Pre-processing

* Standardise and share annotations

Analvsis, annotation * Encourage crowd source annotations with incentives to
improve engagement

* Consider both size and diversity of datasets, and consider
Testing, training potential biases
* Explore new techniques such as federated learning

*» Validate machine learning tools in real world clinical data
Validation * Develop hold-out validation data sets that can be used to test
different machine learning tools

* Partner with stakeholder groups and professional
Dissemination organisations
* Develop mechanisms to safely and securely share models

* Develop clear pathways for translation into clinical practice
Clinical Practice « Think about clinical translation from the start
* [nvolve patients and public in communication strategies

14
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4.4 How can federated analysis and federated learning be used to improve
cardiovascular imaging research?

Cardiovascular imaging research will benefit from the use of large numbers of imaging tests from
diverse populations. However, the challenges of creating large, centralised datasets including the size
of the data, and the ability to share and transfer data between sites or countries. Federated
approaches have the potential to address these challenges by leveraging the information in large
datasets, without the requirement for moving the images themselves. However, these and other
privacy preserving analysis techniques have yet to be applied to large scale cardiovascular imaging
research.

Dr Jorge Cardoso (King’s College, London) explained the background behind federated learning and
federated analysis, and why they could be useful for cardiovascular imaging research. He explained
that the creation of large, centralised imaging datasets is hampered by several challenges, including
obtaining ethics, bureaucracy and anonymisation, and the logistics and infrastructure requirements
of moving and hosting large volumes of data. Federated learning overcomes many of these challenges
by running the algorithm over the data in locations where the data naturally exists, rather than
bringing the data into a centralised location.

Dr Hans-Erik Aronson talked about the challenges of delivering such new analysis techniques. He is
leading the UKRI Data and Analytics Research Environments (DARE) program which is aiming to create
the next generation of trusted research environments to support research across multiple domains.
Key challenges highlighted included data access and discovery, data governance, ethical and
regulatory approvals, and hardware and software requirements.

The breakout sessions discussed the types of research questions and study designs where a federated
approach could be useful and some of the central advantages and challenges of this approach.

A federated approach could facilitate types of research that are not currently possible and could
improve the diversity of current research datasets. However, it was noted that a federated approach
may not always be better, and there will be some types of research that are better performed in a
single trusted research environment. Federated learning may permit large scale research, expanding
beyond individual silos of data. Types of research which were highlighted that could benefit from a
federated approach include:

e Enabling research across multiple centres or nations, particularly between countries where
data sharing is not possible

e Providing access to more diverse data and a wider range of clinical endpoints

e Increasing the available size of the study population, which may be particularly useful for the
study of rare diseases

e Combining healthcare information with other datasets, e.g. pollution data or socioeconomic
datasets.

Potential advantages and challenges of a federated approach to cardiovascular imaging research
which were discussed in the breakout groups are presented in Table 4. Interestingly, opinions differed
between breakout groups on several of the topic areas. For example, some breakout groups thought
that regulatory aspects would be easier with a federated approach compared to a trusted research
environment, whereas others thought that this would create new regulatory challenges. The technical
challenges were particularly highlighted as the cost to install hardware, deploy software, and maintain
systems must be considered. Overarching UK wide governance structures and legislation would be
required to make federated techniques useful more widely.
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Theme

Ethics and
governance

Patients, carers
and members of
the public

Data sharing

Data discovery

Data curation

Infrastructure

Security and
safety

Training

Diversity

Other
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Table 4. Advantages and challenges of a federated approach

Advantages

Data remains with data controller,
potentially reducing regulatory and
governance barriers in the future.

Benefits of privacy preservation.

Does not need data sharing between
sites, but aspects of the models are
shared.

Potential for more agile, reactive,
and saleable identification of
research cohorts.

Potential improvements in research
of rare diseases.

Access to large scale diverse data.
Encourages collaborations across
different groups, including
international centres.

Does not need a central trusted
research environment.

Potential for greater transparency in
machine learning tool development.

Doing research without seeing the
data requires a shift in thinking.
Could increase size and diversity of
research populations.

Could help democratise research by
engaging smaller centres.

Could be used to test how biases in
data affect models.

Potential to develop more accurate,
fairer, representative machine
learning models to support patient
care.

Challenges

Lack of understanding of these techniques
and the risks involved means that the
complexity of approvals might not be
reduced.

Current regulatory barriers impact
scalability.

Obtaining and maintaining patient/public
engagement and trust.

Complicated terms and technologies that
need properly explained.

Needs data in a common format with
agreed standards.

Working with linked datasets is more
difficult.

May miss patient groups living in areas
where there are not the resources to
implement federated learning.

Curation, pre-processing and quality
control are more challenging or not
possible.

Potential duplication of effort at individual
sites.

Resource implications include time,
expertise, infrastructure, and network.
Interoperability and risks associated with
vendor lock-in.

New security challenges need to be
understood and safeguards put in place.
Data security when shared across centres.
Requires high end technology and
expertise

Will be challenging to onboard non-
research orientated hospitals due to
technical and resources requirements.
Issue of equity, with academic centres
being ready to use these techniques and
other centres lacking resources and
expertise.

Buy-in from industry is likely to be
challenging.

Ownership of mutually-generated
intellectual property.
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To develop a federated learning approach for cardiovascular imaging research several solutions were
suggested. These included:

o Defining the need for federated learning clearly, with potential use cases.

e Learning from the use of this approach in other areas e.g. genomics.

e Engaging with patients and the public to obtain and maintain trust. This includes developing
resources to explain the complicated terms and to co-create solutions to the research
challenges.

e Developing multi-stakeholder buy-in for federated learning techniques, including from the
NHS, researchers, patients, learned societies, and industry.

e Exploring options for funding of the required underlying infrastructure, which could have a
benefit for local patient care.

o Developing new training materials to support researchers to develop in this area including a
set of best practice techniques.

e Developing a national, once for all approach for ethics, governance, and intellectual property
agreements.

e Demonstrating whether this approach provides tangible benefits over traditional
approaches for certain research questions.

e Using driver projects: to demonstrate whether this approach is useful for cardiovascular
imaging research; to work with regulators and other stakeholders to streamline
authorisation processes; and to engage with stakeholders including the public in order to
build trust.

4.5 What are the views of patients and the public on using imaging data in research?
We held a specific breakout session for patient/public representatives to enable them to discuss their
views on using imaging data in research, which they might have been unable to raise or discuss in
detail during the other sessions.

Our patient/public representatives recognised that there are important benefits to patients and the
public of imaging data being made available for use in research. They were impressed by the wide
range of research that could be performed using imaging data and felt that this was not always
appreciated by patients and the public. Improving communication to patients about how research
involving imaging could have benefits for themselves, other patients and the NHS was felt to be
important. This information could be discussed when patients are invited to participate in research
studies, and in routine letters when patients are invited to clinics or for imaging tests. Communication
could be improved about the results of the research that was being performed in the UK, using varied
and engaging and formats. Involving patients in the dissemination of the results of research studies
would also be valuable.

Our patient/public representatives also highlighted the need for large datasets involving people from
multiple groups, to enhance the research diversity and enable insights into rarer diseases. Using
existing data collected as part of routine healthcare was suggested as a way of creating large-scale
data resources, at no additional “burden” to patients. Many of the benefits mentioned related to the
potential to improve patient care and patient outcomes, and that this would be applicable for
cardiovascular diseases and other diseases. Potential wider benefits of cardiovascular imaging
research were discussed, including making improvements to imaging technology (such as increased
speed and accuracy) and potential benefits for NHS professionals (such as improved job satisfaction)
and to the NHS (such as cost recovery, improved resources, and enhanced capacity).
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Most of the concerns raised related to data privacy and security, including maintaining confidentiality
and controlling who has access to the data. Our patient/public representatives emphasized the need
for patients to feel in control of their data and what it is used for, and for this process to be transparent
and understandable. Difficulties with opting in/fout and understanding what this entails were
highlighted. Concerns were raised about how accurate the data and its analysis were, and whether
there might be potential for biases to be introduced. There were also concerns around how imaging
research would be funded, with some questioning whether this is an efficient use of NHS funds and if
other sources of funding could be found such as through industry. Commercial access to the data was
discussed, with the overall feeling that this could be managed, but should be paid for. The importance
of getting industry relationships right was discussed, particularly when developing new and expensive
techniques.

Key suggestions for future work from the breakout discussion were that there should be improved
clarity around the opt in and opt out processes, what imaging data could be used in research, what
imaging data is being used for, and the differences between consented and unconsented imaging
research. Central to the discussion was that cardiovascular imaging research should ultimately focus
on improving patient care.

4.6 How canwe best communicate imaging data research to patients and the public?
We held a breakout session specifically for the patient/public representatives to gather input on how
we can best communicate imaging data research to patients and the public. The discussions of imaging
research, machine learning and federated techniques can be complex and involve the use of technical
language. In advance of the meeting, we provided the patient/public representatives with resources
around the topics to be discussed in the meeting, as well as holding a separate discussion session with
them. This breakout session provided an opportunity for our patient/public representatives to discuss
what communication had worked well or could have been improved.

The need for clear communication with patients and the public was repeatedly and consistently
highlighted throughout the workshop. The use of appropriate language and the avoidance of technical
jargon is important. Where technical jargon cannot be avoided, clear definitions of technical terms are
needed. Examples that our patient/public representative highlighted were words and abbreviations
like DICOM, PACS, machine learning and federated analysis. The use of images, graphics and video
could all improve explanations. Peer support was highlighted as very useful, for example from others
who have experienced imaging tests or been involved in research. It was stressed that an appropriate
amount of time would be needed to enable good communication and that “one size does not fit all”
when it comes to communication.

The suggestions from our patient/public representatives on how to best communicate imaging
research can be grouped into three key areas: the need to consider carefully the language used, to
seek and listen to feedback from patients, and to use accessible and engaging formats. Patients should
be involved in all aspects of research, from developing the initial ideas all the way to disseminating
the results, and beyond.

5 Nextsteps

The last session of the workshop discussed potential future activities of the BHF Data Science Centre
to improving cardiovascular imaging research. Key topics from throughout the workshop were
community engagement, conducting a prioritisation exercise for cardiovascular imaging research,
communicating cardiovascular imagining research to the public, coordinating imaging based driver
projects and developing cardiovascular imaging based open challenges.
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5.1 Community engagement

During the workshop we brought together a diverse range of stakeholders with an interest in
cardiovascular imaging research. We will maintain engagement across this diverse community
through: inclusion of cardiovascular imaging research at the BHF Data Science Centre monthly
webinars; creating an advisory group for this thematic area of the BHF Data Science Centre;
coordinating working groups around key topics such as incorporating imaging data into the proposed
BHF Data Science Centre cohorts platform and demonstrating whether federated learning has utility
in cardiovascular imaging research.

5.2 Prioritisation exercise for cardiovascular imaging research

We plan to perform a prioritisation exercise to obtain consensus on priorities in cardiovascular imaging
research, using a modified Delphi technique. This workshop has completed our exploratory phase for
the prioritisation exercise, including assessing the range of potential research questions that may be
considered, important themes in the research questions, and domains that should be considered for
prioritisation. The next stage of the prioritisation question will involve an open call for further research
guestions followed by two rounds of prioritisation. We will involve the community further in this
important exercise.

5.3 Communication of cardiovascular imaging research to patients and the public
This workshop has helped us explore how we can improve the communication around cardiovascular
imaging research to the patients and public. We will use this information to co-produce resources with
our patient/public representatives which will be made available on the BHF Data Science Centre
website, aimed at patients and the public, but also useful for researchers and clinicians. This will
include how different imaging modalities can be used in research and explanations of key terms. It will
also include links to other relevant resources such as those on the BHF and HDRUK websites.

5.4 Driver projects

Central to the next steps of this theme will be a series of driver projects that can act as exemplars for
future research by the community. Particularly relevant topics highlighted by this workshop will
include research involving cross-nation data collection, federated learning, novel types of imaging
data, imaging datasets and/or annotation that can be made available to other researchers, and
bringing together imaging data with other BHF Data Science Centre themes such as wearable data
and phenomic or genomic data. The BHF Data Science Centre will support funding applications for
potential projects and provide project advice/support. Shared knowledge from these projects will
include best practices, ethical and regulatory approval requirements, data curation and analytic
techniques. We encourage the community to explore potential driver projects with the BHF Data
Science Centre team.

5.5 Cardiovascular imaging based open challenges

In the past 5 years imaging based open challenges have advanced machine learning analysis
techniques in a variety of fields, including imaging [6]. These open challenges galvanise a community
around a particular image analysis challenge. A dataset is provided along with ground truth
annotations, and researchers are invited to submit their solutions. We will explore with the
community the potential to organise a relevant challenge to drive forward our work to support and
enable cardiovascular imaging research.
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6 Conclusions

This workshop brought together a broad range of stakeholders and patient/public representatives to
discuss the important topic of How can we use imaging data to better understand cardiovascular
disease? The insights provided will help improve the already world leading cardiovascular imaging
research in the UK. Many of the discussions are generalisable to other types of imaging research or
broader health data science research. Central to the discussions was the importance of involving
patients and the public at all stages and keeping the impact of cardiovascular imaging research on the
health and wellbeing of the public at the forefront of discussions. The discussions at this workshop are
now being used to guide the BHF Data Science Centre activities in this thematic area, which will centre
around community engagement, prioritisation of cardiovascular imaging research questions,
communication with patients and the public, driver projects and cardiovascular imaging based
challenges.
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Additional material

Appendix A - Agenda

Day 1 - Wednesday 17*" November 2021
All times are in GMT

Time

13:00

13:10
13:20
13:30
13:40

13:50
14:00

14:10

14:40

14:55

15:15

15:25
15:35

15:45

15:55

16:25
16:45
17:00

Item Speakers
Welcome and overview Michelle Williams, Cathie Sudlow

Session 1 — What are the most important research questions that cardiovascular imaging can be used
to address?

Cardiovascular imaging research in the UK — the BHF's Jeremy Pearson

contribution

What can we learn from cardiovascular imaging? Marc Dweck

Identifying priorities in cardiovascular imaging research Michelle Williams

Questions

Introduction to breakout sessions Tammy Watchorn

Breakout session
Introductions
What are the most important research questions that 15 people per breakout, 1 person
cardiovascular imaging can be used to address? invited before event to chair each
What criteria should be used for prioritisation? group

Break

Facilitators of each breakout group report back

Session 2 — What are the biggest challenges for using imaging data in cardiovascular research?
Challenges of using imaging in a consented multi-centre study Steffen Petersen

Challenges of using routine NHS imaging in research Joseph Jacob
Challenges of using artificial intelligence/machine learning in  Carola-Bibiane Schonlieb
imaging research

Questions

Breakout session 15 people per breakout, 1 person
What are the biggest challenges for using imaging data in  invited before event to chair each
research? group

How might we resolve these challenges?
Facilitators of each breakout group report back
Wrap up of the key themes and explain next steps Michelle Williams
End of day 1
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Day 2 - Thursday 18" November 2021
All times are in GMT

Time

9:00

9:05

9:15
9:25

9:35

9:45

10:15

10:35

10:45

10:55

11:05

11:15

11.45

12.05

12.20

12:50

13.00

Item Speakers

Welcome Michelle Williams, Cathie Sudlow
Session 3 — What are the requirements for a pipeline to support cardiovascular imaging research?
Curating NHS imaging cohorts within a trusted research Emily Jefferson

environment

Infrastructure considerations for imaging research Alex Frangi

Pre-processing and annotating images for machine learning Wenjia Bai

research

Questions

Breakout session 15 people per breakout, 1 person
What are the requirements for a pipeline to support invited before event to chair each
cardiovascular imaging research? group

What could be done to deliver such a pipeline?
Facilitators of each breakout group report back

Break

Session 4 - How can federated analysis and federated learning be used to improve cardiovascular
imaging research?

What are federated learning and federated analysis and why Jorge Cardoso

are they useful?

What are the challenges of delivering federated learning and Hans-Erik Aronson

federated analysis?

Questions

Breakout session 15 people per breakout, 1 person
Which types of cardiovascular imaging research invited before event to chair each
questions could be addressed with a federated group
learning/analysis approach?
What are the advantages and challenges of a federated
learning/analysis approach?
How might we resolve these challenges?

Facilitators of each breakout group report back

Break

Session 5 — What should be done next?

Expert panel discussion and questions

Closing remarks Michelle Williams, Cathie Sudlow

Meeting ends
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Appendix C - Mural board images from session 1 “What are the most important
questions that cardiovascular imaging can be used to address?”
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imaging procedures Ir::‘grj{j; |
being perfomed as - o
well as downstream Disease Does imaging to
- phenotyping . identify stge B HF lead
e Xera Imaging :
Y . I to improve outcomes
s fibrosis in the in patients at risk?
between heart
renal and . =
cardlac Imaging Inflammation
Imaging In the heart (risk
prediction / Insight
Into pathophysiology)
S )
How do we stop following Chiara:s. pq?int
iis accelerated unnecessary imaging EETE ﬁe;ﬁ;r_rmsslon
- 10 use al imaging
imagMRI as accurate Risk prediction - tests? -
as standard? pre'v':ntlﬂn — data without consent?
i e

treatmeant - Improved
outcomes - live longer
and fewer symptoms

How can we provide eary
treatment for high-risk patients by
analysing the collected (iImaging
)data? What Kind of analysis we
need to conduct for 2 Can we do
such analysis with machine
leamning/deep leaming algortnms?

Provision and use of
national, representatie,
large-scale cardiovascular
image research database to
enable training and
validation of ML/AI

Engiography

| %4

enodothellal function I

Glven the size of cardiovascular
Imaging (e.g. CT/MRI) and assuming
an Increased use of Al for diagnosis
suppert and characterisation, what

methods of Al deployment and

Integration will be required and
need to be plloted
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Group 3

British Heart Foundation
Data Science Centre

Led by Health Data Research UK

What are the most important research questions that cardiovascular

imaging can be used to address?

1. Safety

2. New Imaging techniques

3. Imaging for diagnosis,
prediction and stratification
4. Longitudinal/multimodal
data
5. Under-represented
groups
6. Use Al in clinics

30

Imaging for
diagnosis

Imaging of  Predicting
heart risk for h=nr
problems attack or
before birth stroke
.

Use of CT plagque or
other festures to
predict risk of mi

Enenotyping, prediction, progression
prevention of CV disease

Use of CT to assess &

contrioute to caa development

Use of CT to understand the Impact of
DEnavioural CNange MedIcaton on dlsease
progression

Use of Imaging to defing adverse features that
maydefine a role for valve Intervention
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Group 4

What are the most import

nt research questions th

imaging can be used to address?

~

How should
patients with
COVID/leng
COVID be
monitored with
Imaging

How do we decide
whether new
technologies are
useful fthey often
creep into
practice_.)

Oral. Indicators of
dizease

Can the research
ultimately result in
less deaths from heart
disease ?

How do we
diagnose HEPEF
e e
How to we Improve CV  hetercgeneity, and
how do we assess
risk prediction alding e
primary and secondary HFREF

preventon

doave snought
equipment and sufficient

Lom peain imeges
within BHF remit?

Impact of
asymptomatic
findings on
outcome

Magnetic
resonance
Imaging
MIRTY

how do we manage
data Integrity and
security?

How do we maintain

British Heart Foundation

Data Science Centre
Led by Health Data Research UK

t cardiovascular

Safer and
shorter
scans
Could we gat
rid of a need ‘
for X Ray In
dlagnesis?

Less
testing,
shorter
testing

When Is more

rd
Could the research imaging hermiul

lead 1o these tests
being carrled out on a
baby In the womb . if
they are not already?

Can research
measurement be
applied to large
scale NHS datasets
to develop
phenotypes?

Data at
scale

imzges 1o sxploit the use the public trust when How can Who and where Is N
of Al and machine the com| ot is the process
e inconsented data e e R
i done at large us scale? How
e be calculated | scole? Where stne o moke hese
at large scale? storage to be? e
What sffect do m questions properly? Are they open?
enough? are they capturing
Al methods edge cases? Data What is the:
have on - cErzzia
radiclogy * 1 I How do we manage bei ng creating ground
practice? izﬁl:ﬁtr;‘:f; Another technical question SrooiEisiodT T FAIR truth at scale?
report and reduce == TR E I TR TR conscious and Can that be
radiologist inter-vendor unconscious bias? chared?
workload? standardisation? This
remains a big problem for Howr do we
some of the quantitative mEnags deta
‘ methods, e.g. parametic Discoverability - data ‘mﬂ
mapping. that is usable. Quality .
control
AND: What are the

Anonymisation
plpelines
[PACs)

appropriate meta-
data for Images - Is
MLP the solution?

WW: Is it possible to do ,
association studies
stratified by vendor?

How important =
s image
anonymisation?
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What are the most important research questions that cardiovascular
imaging can be used to address?

Haw imaging can

imarove turnaraund

times for disgnosis
Teztment

How can we get as much

helpful information as we J

«can from fewer images -

10 make it less intensive
for patients

How can we use
CV imagingto
better cesign

and celiver
senvices

How can Imaging
make care pathways
more efficlent In the

MNHS?

\

needs for imaging
etween et
diegnosis, and

sevial fallowwn?

A

Reduce

envirenmental

What are the limitations of
imaging technology/process)
standards. How does this help
or hinder?

Impact

Reducing
intervention

Benefits or not

of wedicines

‘When does imaging
make us live longer
and feel better?

can

Investigations
Tor cardiac

problems be
used to predict
other events

/

|

PUBLIC
ENGAGEMENT

How best to use imaging
for prevention (and how
then 1o involve the
public?)

32

Placing an emphasis
on patient priorties
rather than merely

focusing on disease

How can digital technologies
(including Al} be used
effectively to deliver services,
reduce workforce pressures,
increase our knowledge etc.

Magnetic
resonance
maging
MR

What are the
opportunities
missed if we
did nething?
{or little)
1

When should we not
use imaging?

()

What Is
the art of
the
possible?

Personalised
wedicine
Do Imaging tools work
better for some
QEMEI'S' ethnicities

than others? How can
Data Sclence nelp?

How to optimise
disease treatment -

monitoring progression
and impact of cumrent

treatment regime
(]

1855 15 more

APPLYING
ARTIFICIAL
INTELLIGENCE

L

/7~ N\

Can imaging help us
address missed
‘opportunities? (more
detailed phenotypes can
nudge clinicians to better
care)

s /
Tices shondl b & focus cn
meaties Tat Can b used

e 5 CVD condtions w
* mat that may divslon becass
[Eper——

by Ectimating quality of
ife and prognoss far
each inchviduel

There are 65 m people in the
UK., is there a figure for what
CVD conditions will be the most
prominent in 20 years time 77
That should inform our pricrities
- use the deta to shape.

Echo is widely accessible,
portable and inexpensive,
but widely criticised as
“operator dependent”, can
Al help fix this?

Feducing humen
rror using artiicial
tzligence

/

I peagle want to be (= OUT of detezets
usedto train Als, what ofthe
comequences on them jand others of
thsic age. e, sthnic grou st when
THEY need disgrases -snce e syziems
will not be cotimized for them and may
give systematically wrang resufts

How can we lewvy
Al technclogy or
private healthcare
o Invest more to
Imprave

resuls?

Training and
development

I

outcomes

I\

Can cardiac imaging hele.
manags st chstymes
and hela with

understanding relative
) cartributions to cymptams

/

How can imaging be
used to answer the
guesticn in the best

Can we use technoiogy
10 provige national-scale
"MDTE" of GMcult/
Interesting cases, 1o help
everyone have access to
top level Interpretation of
different modallties and
clinical questions?

1
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Appendix D - Mural board images from session 1 “What are the top 3 criteria for scoring
the research questions?”

Group 1

British Heart Foundation
Data Science Centre

Led by Health Data Research UK

Is there anything obvious missing? What are the top 3 criteria for scoring
the research quesions?

00 000
0000 OO0 @000
o000 000
00000000

of these big
questions?

00000000 0000
L 00000000000

@)
O O
Impor‘the
o O

Potential for
translation

@O0

Sustainability
O

(@]
Relev_nce

Time? Shon umes not
be any good for scme

Timeliness

o

Answerability Novelty
o
O
@)
Af-’fgdabi”ty Deliverability
@)
o Cost ©OoOo
effectiyaness
Equity & I'—g%swbility
Oocietp
o
© 5O
Olr'r‘(:)ct Cost
@)@
Replication Generalizability Standardisation
@)
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Is there anything obvious missing? What are the top 3 criteria for scoring

the research quesions?

OO O0gOoOooOOoo
o

o 0O

& 000 co

O0O00O00O 00

Concentrate on the
clinical impact and
maximising
efficiency of
existing methods
rather than novelty
of new technology

Cost-
effectiveness
is also
important for
sustainability

Need to also
consider the
environmental
impact of data
storage

Top 3=
impact,
feasibility
and cost

o

Importance

o
PotentiCfor
translation

@)

O

Sustainability

@

Relevance

Answerability

o

O

Affo%abil'\ty
@)

o O
Equity
@]

o
Q@ C@

© O

o

@)
Novelty
O

Deliverability

O 00
Feasibility
© o

0O O
(@]

Cost
O
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Group 3

British Heart Foundation
Data Science Centre

Led by Health Data Research UK

Is there anything obvious missing? What are the top 3 criteria for scoring
the research quesions?
oJeololololeololo]eoolele
oJoNolololololoXololole;
Q00 00 @) ele) o
@) OQ @) Importance Answerability MNovelty
COQOQ0O o O
OO0 000
OO0 OO0 00O o
oo O o O
Pote_tial for 0 . Deli bilit
» D Affordabilit eliverability
Eirdenta patams translation ey —
p—
—
Patient ®)
acceptance  Side effects Ease o o o O
of use Sustainability Equity Feasibility
Trusted Can be
reseﬂrchﬂt adopted by
environments
for imaging .me NHS —~ ~
analysis without loads O O D
of extra costrs ®) -
Relevance mpa() Cost
O
= O @
STaff training
Time to market
for devices Enviromental Carbon
drugs Impact costs or
recyclable
ololeoleololololoNelolele) 1 I
CO00000O0000OC * paCt
ololoNololololoNoXolole! .
s 2. Potential for
ololololoNoIoNoloNolole! .
000000660000 translation
OCO0O0C0O0O0O0O0O0O0
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Group 4

Is there anything obvious missing? What are the top 3 criteria for scoring

the research quesions?

00000000000
QO CO0CO OO 0000 o
Q00 OO OO 0000 o @] o
0O Imp@‘tance Answerability Novelty
000000000000 ©,0 0©
o
- o o
Potential for . Deli bil
translation Affordability %\396 |(;y
O Round 1 O O
O Rownd2 O
Sustainability Equity Feasibility
@]
) Round3
Resources
o o © o6
Rel@a nce "UU‘ Cost
1. Importance
1. Deliverability
3. Impact and
Answerability
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Group 5

Is there anything obvious missing? What are the top 3 criteria for scoring

the research quesions?

o QOO0 O0O0O0O 0O Importance
@ 000 o 00 (including
d
000 0000000 need)
QOO0 Importance Answerability - Novelty
oJoloXelo)e. O o
Q0000000
eoJeololeolololeololeole)] Practicality
O O
Pt‘:;ir;lt;at:;zr Affordability Deliverability
) ©O0 O
Easy
(@]
Sustainability Equity Feasibility
@]
o o 5
Relevance Impact Cost V;Isg?r
O O O bestior the pein?
@
: O Effective +
Environmental Availability
impact O ceurRo pmenese 2eea | Speed

answered
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Appendix E - Mural board images from session 2 “What are the biggest challenges for
using imaging data in research?”

Group 1

What are the biggest challenges for using imaging

Governance and
MTA and DSA

Functions that should be
supporting research, such
as governance, R&D,
contracts teams, teams
sometimes seem to put
obstacle after obstacle

Hospital infrastructure -
underfunded, overstretched
at every level (R&D, IT,
PACS)

- lack of redundancy in
system

Public

assurance and
data safety

Protecting
confidentiality

Ability to link
imaging data to
other health data

Governance
- data acquisition
- storage
- linking
consenting
IG

Fucntions such as R&D
are very underfunded
and this intriduces
significant unnecessary
delays.

Lack of support from

supporting functions -

the Pl seems to have
to do everything!

Public
reassurance

Linkage without
disclosure

accumulation
and aggregation

Standardisation

Annotation
and validation
of images

How to capture
nolse, and frame
quantification and
signal against this

Standardisation
of meta-data

Time to access

Image transfer across
Imaging data

multiple corelabs

Issues with joining imaging
datasets together from
different sources/
geographies - 'governance'
and data transfer issues

Larger and better
publicly available
datasets - from cohort
studies perhaps - for
discovery

Data storage,
access and
linkage with other
datasets

How to correct for
differences in scan

settings, clinical Harmonization of

protocol imaging accross
hardware/technical
Lack of centralised settings etc
guidance for IG
teams
Lack of

standardization

38

Biological basis of
MRI abnormalities.

Bias in
samples

Sufficlent sample size for
well powered studies

How to handle

representativeness missing data Teorsier e

clinical practice

Reuse of clinical data
for research

Understand the natural
history of disease and
age-approriate disease vs
accelerated disease using
population-level data
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Group 2

Specific
challenges of
routinely
collected data
and expanding
1o national scale

Data
acquisition
from hospitals
10 research
environment

Legitumate Interest In
use of Imaging data -
do we need
government guldance/
or an opt-out?

Databases avallable
In Scetland via In the
best Interest of the
public legislation

Access for
commercial
companies to
datasets to train Al
tools and introduce
innovation

Public perception
of sharing data
‘with Industry -
should there be

financlal benefits to
hospitals for
contributing data
1

How to enable

Providing the richly
tooled environments.
researchers want
without compromising
data security

Merging data with
clinical and outcome
data

Generalisation
&
Robustness

Privacy

granular access to

data within TRE

Responsibility of
Industry to enable
Interface of systems
needs to be Improved

Data
curation

Imaging is easy, how
to enable clinical data

capture in a consistent

manner across trusts

Heterogeneity of
Consent imaging systems in
the NHS
standardisation
Data Linkage of Imaging
acquisition
Infrastructure to
host data and
apply Al and ML i\
St Identifying
reppresentative
populations
Importanice
of datum Approvais/regulatory
Issues for routinely
acquired data
E— Representativeness
Learming with and generalisability

less

data

Linkage to other harmonisation

health records at
scale

In England and wales, a
consistent research
image and data
collection system is
required

Getting more granular
data from DID

Maving fom argan-saechic and Lack of computer
Srescezoectic mocel o peem - .
certred or pathwway-centred madels so science expertise Al results
that dats can be used across specialties in the NHS
environment

Transfer of data

without the need for

complex MTA and
data protection

Rapid image analysis
at scale

Standardisation
of Image
processing

missing cata

standardised analysis

standardisation

British Heart Foundation
Data Science Centre

Led by Health Data Research UK

What are the biggest challenges for using imaging data in research?

Infermation
governance

Extenral validation of

Ideal would to collect

natlonal scale data but

no real mechanisms 10
do that at present.

How to make ensure
data is made available
to companies not just

research groups

How to capture
encoded/encrypted
IDs to facilitate data

linkage

Conslistent de-
G Identification

How to achieve a
representative
dataset
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Group 3

What are the biggest challenges for using imaging data in

British Heart Foundation
Data Science Centre

Led by Health Data Research UK

research?

Accidentally Complaints
excluding patients
: g PIh process If Role of carers Infiling
4 E?iuse ey something goes  Indocuments in a trial
lon hoi:i« 5Orrr1art wrong - patlent for the patient
P llason service?
compuler access
]
Need to
consider

Lack of information

Use of patient level
data and who
grants access (I sit
on data access
committees) but it's
not well known

member.

Opting out of
taking part in

Ethics - lusedto siton a
HRA committee as a lay

and sometimes research
not explained well

Guidelines
Governance

Lots of forms Ethics

Get permissions
10 use routine

- Incidental findings - - Imaging data
Understanding anout follow up after  mandied badlyana  SOMMItments health research eI TR
the results findings - especially  smplywidwgote  SUCh as child or sharing of other hopsitals
long term health A&E If | had symptoms.  Care ar carers records was Lack of .
conditions No follow up from NHS. B — standarisation Use of
NHS website [s extremely bad children’s data
on patient information for rarer _how does a
e(r:\feilseelnlz Exclusion of patients A S e e o Sl parent opt their
SIIUELEHS n)‘['n with learning 5595?'”_9 S always) come up as incidental opt in again I [ )
disabilities or SEN from capacity in g findings, &.g. thoracic aortic child out?
really understood equalit aneurysms option
Iy trials or research ALy rys|
by patients projects older
patients
Data has a
value
Which grant
Equality and Projects No application Data
diversity on understanding commitiee or
funding grants anonymised funder Is the
committees data Desm‘me?m Ensuring
apply 1o? equality
Old equipment and
Imited bandwidth to
Languegeused oo Lack of Accessto o e inmany
In research i training and data for NHS settings
applications and a patient Lack of Plain i patients
grants makes representative on English e £ Out of
lheg] h?rdéu a project but never Pl members distribution o
understand. arin
asked for data . g
; ata
comments or input Federstedspiic
transparency In leaming
research
-who
are the companles Dificultes with I What data, consent,
Invovied In the dév'ﬂlbpﬁ;:'ﬂlﬂlﬂg secandary use,
research? sk
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Linkage

Problems with
anyonimsed data
vs deidentifiable

transfer, warehousing
of data,

standardisation. how

will data be used or pt
benefit
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Group 4

What are the biggest challenges for using imaging data in research?

Infrastructure : Federation - how .
e Vendore & AT e Curse of dimensionality: We
: 'endors different vendor have big Images but small
equipment, analytics across
computer, network data ML L AT different sample numbers and
communication  ROLCalul = meg:l'zrfg 9PN eposiories and unknown Intrinsic dimension
(router, wifi, 5g.) even gelographies of the problems we aim to
salve.
Consistency The
of Imaging methodological This causal
metadata challenge of question is
routinely collected - also related to
Imaging for Does the im 89€  the curse of
prediction? come before or dmensienalty
How dowe after? The causal
manage conscious . |
and uncocnscious Ensuring robustness dilemmal Casual
bias? _
and not fragllity Question
Governance
Maintaining trust  Model for data:
of the publicif ownership, safety,
using NHS data  security, quallity, the Issues of
rather than trial handling, etc getting the
data Storage data alongside
PACS the research
- s The governance happening.
Maintaining e i
trust (and accessing large
S Imaging datasets Are there enough
(apart from UKB) for researchers
do we need?) trials and OpErIEUeLTY experienced and
observation AI trained with the whole
And what - pathway?
s e e expertise
EEASSUREE THE
Clinical trust & Trust e fmouT BRe_'mes w© ";':_I_“ uestion t‘x’;
how Influences EFFICACT OF How do people feel emghco'zlp ' 're compahre
patterns of work THESE ToOLST about Al diagnoses to other Al applications that
=iz use Al data
Would it put
some people Does it speed up
off of having diagnosis? Can it Wr\a;. ‘5‘ metexpe:.ence.?r:'
valuable tests Explainability explain the a;—) m":: :e:e,lnﬁ;;
? predictions? - convénient;
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Group 5

What are the biggest challenges for using imaging data in research?

Diversifying data

sources + making .
Leveraging  ecemalvasstioncr

Imaging biomarkers -

participation friction

Bias of current trial desgin
free e Technn::?al challenges - Al here will these
comsentsecietsl benet processing power etc. datasets come from?
Issues?
what is the validation USiﬂg all patient
cascade for automated How to i H
biomarkers? ensure every data nOtJUS1 Quallty Of
those recruited Protaces very i e
tient Inherent bias in data dmr:—;:g:dsz::ﬁ e i data and
e <o PEHEIE 1o narrow trial  coliection perhaps - Sl e e teciis -
- able to join a : influences how we Images
. design
trial? evelop Ai based tools
Wide varlation In Image S e
tiert und rotocol
safe / privacy preserving use ;! . ::u; & acquISIloN ParameETENS  swmndarsisation and i
a il.&. GOPR) making sure trained models gngd quality -> brimleness image capure

5 N Difficulty obtaining
e i?'y == “L’ = . lssuesin Al/ML (and eoroduciity

purpose they were designe: ~ L . onalysis from Echo

and trained {with health data) fallure to work well when  swndardisation o Vendars

deployed clinicall TSR D 1
ploy Y} between different

of unconsented data

o cenres
transferring cross
rend le
Streamlining ;t:np :r:'r :::f; . Gold standard quantity/quality
In Al applications - governance of data general popn validation of Al Streamlining or
Integration - gaining access for research commeon standards
trust of clinclans on vendor / tech
provider side
umeliness of the dat@  From the talks. It sounds very
complex to remove specific
‘identifiers’ of patients - how 10 We've only scratched .
Ease Of ensure patlents are aware of the surface, there's Ag ree - balancmg
Could these be how their data Is being used - & millions on data pat\ems geﬂmg
access to consolidated Ina consention repositories eg GPs s0 ) X
Need to ensure getting these on-board  di@gNOStIC results back

Ilocal NHS hub ?

clata end NOt as big an whatever data protocols Btk oy iy as priority, and

Publicise the need.

f Infrastructure are established today .
pOIntS (DARS) challenge 8s YoU  Timeliness of are future proofed then time for research
might think researcher sccess, against new technology
especially to large/ -
complex inked / modalities and
unconsented datasets manufacturers variants.
DL Standardisation reqd Lack of
agreements may not . .
o in place radiologists
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Appendix F - Mural board images from session 2 “What ideas do you have to resolve
these challenges?”

Group 1

What ideas do you have to resolve these challenges?

Simplify the ethics, |G, DPIA, MTA etc
paperwork. Clear guidelines for this.
And one set of paperwork. Examples
of this completed paperwork. Open

meetings where these are discussed Education of who
so that all studies get treated the makes governance
same across the country. and ethics decision
Involve the

researchers in

Armonization Transparency theses discissions

Investing in MRI Funding more R&D and Identify case-studies Making Image Standard guidelines to
physics support to contract team, team, teams who have managed acquisition make imaging similar
ch‘;ﬁgﬁ;’;e_t:;m;cgga wokring on MTA and DSA to solve each automated? across different
etch. Small amount of funds problem, and adopt manufacturers
there could have massive the solutions they
impacts. have introduced into
the BHF DSC
Centralise some Improve relatioships Increase research
of the key Treat governance as between R&D and Pls. in data post
processes inthe  enabler and fund Developing personal processing, quality
SRS R EE accordingly relatioship - 1000 emails control and
ethics, HTA, can go by before having standardisation

CAG : -
met a person in person /hamronisation
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Group 2

What ideas do you have to resolve these challenges?

Data collation - _Ret?i? da_ﬁ-
need to better sciemists witin
- the NHS and
equip NHS with :
- . train computer
I RImUELRES scientists to
expertise focus on Al

Imaging across
specialties
rather than

working in silos

and need to link
nationally

National and regional
data safe havens

Automatic data

Reuse tech used in
existing research
databases

identification in
imaging hubs for
regional networks

in encrypted files

image environments as

extraction and de-

store identifiable data

British Heart Foundation
Data Science Centre

maging data to better understand
Led by Health Data Research UK

Link data to a national
indentifying number (this
then needs to be encrypted)

Funding!
Treat these large scale

national facilities, not
projects

SOLUTIONS NEED TO
BE NATIONAL AND
MULTISYSTEM

Also need
research data
to be available
not just clinical

infomation

National legistlation to allow
research use of routinely
collected clinical data (avoid
specific need for consent- with an
opt out option)
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Group 3
What ideas do you have to resolve these challenges?
Guidelines Use of plain
English in
Govel'nance summaries
Ethics and
application
Access to 4
] seudo-
multi- P .
anonymise
centre
; the data
studies
Federated
Learning
Splitting
learning
Interpretability
Explainability
Projects
grants
Use of plain
English in
summaries
and
application
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British Heart Foundation
Data Science Centre

Led by Health Data Research UK

What ideas do you have to resolve these challenges?

CAUSAL QUESTION:
horses for courses, but raising
the importance of this issue to
researchers is important - most
medical researchers dont even

think about it

Radiologist

expertise

Can't replace radiclogists In future -
but how to manage workload &
make thelr work easler.
Communicate this

Al keywords
LG EIECL TG (Y Causal esumation Demaln generalisation

start

representation
learning (for
concepts) vs
supervised learning

More consistent TRUST:
predictions continued discussion with
representative groups
discuss with paoliticians
no 'silver bullet' but needs lot of
champions for interviews etc

Trust

It's a limle ike getung the
public to have confidence
In Covid vaccine ? Some stres how valuable

people will remain against i
It but lots see the need the data is and how

and value - hopefully the: it will be used in

public would feel the same research _ Al

ety idanE security is always an
issue in life.

Al expertise

Training, retention,
Make clinical problems
EASY to attract talent Career development
and solutions! Qur for Al expertise in

competition for talent is
in other applications! research
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ideas do

why e

Incorporate
Interpretability
frameworks to highlight
clincial factors that are
Influenicng Al outcomes

leaderzhic

Al of this needs socialising within t

needs to a campalign for public
understanding and engagement
highlighting the benefits..

Commercial orgs need
such data to develop
the right new products
- how to manage/
communicate this

whole medical community, also there

ve to resolve these challenges?

find a way to describe
what Is needed and

Get general agreement

on the vision (ie. isiti

a good or bad thing to
do)

asily

ensure everyone
Invovied understands
what type of "problem”
this Is {L.e/. simple /
complex etc )

Training more
Imaging staff

Establish change
ambassadors who
embody the changes and
benefits. Someone to
follow and Inspire people

Change s cifficult -

chellenges

University/healthcare
private and NHS
collaborations

he

ollaborations and
sharing of data/

processes to improve
access to diverse
data

Aim for consistency
between trusts/depts
in how the data is
collected and coded

Link research tools
into clinical registries

British Heart Foundation
Data Science Centre
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Develop a change
sirategy (L.e. a plan for

build protocol into

imaging acquisiton
process for

standardisation?

Alm to futureproof -
what are the
cardlovascular disease
challenges that are
likely to become more
apparent In the next 10
years?

how 1o do this over 5
10years)

Validate biomarkers
using precision/'hard"
clinical outocomes

Stratification of images
by acquisition
parameters - algorithms
for converting to a
common standard?

Clinically relevant

Less
’55:';‘:”5 outcome measures/
impact on decision
- . making
Achieve buy-in
from all involved
NHS repuationin
data use - public
endety
Prospective consent
VErsUs retrospective.
A palients o Disiid data use..
Communication e

with patlents and
volunteers to

broaden scope of
access to data

make it clear and easy for
individuals to opt-out - with
nuance for commercial uses

[P
percsption of
Fosdanch g
e gansral puic?

OPT QUT for routine
Be really clear to patients/public patient data use?
on what type of data/ldentifable
Info Is captured In Imaging. What
causes concern - and what
doesn't, as long as there's a
valld use for ii?
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Appendix G - Mural board images from session 3 “What are the requirements of a pipeline to support cardiovascular imaging

research?”
Group 1

Ap G Data Science Centre

MWUKRuUNn

H Led by Heolth Data Research UK
r disease? Health Data Research UK
Sometmes unaerpng
o ro—
how do you s environment treats Al
Need to oot s |blas i our as medical device (not
annotation s — reannotate e dome? datasets )
Challenges/blockers - Definition of expensive  With ferative how do we be
K o s e e -
accessto normal aging, and human ideas dont i cmcamacte
nti e datasets sl Hommerhe hipedess sttt getinto "LaEO"
Authorisation u':! be retest A i variable and  cincely geerst normals s even are held out clinical ot
seen as difficult to datasets physiological notalways  mem” more for validation
obtain variation the true gold SRS cpaancins it practice
standard _ s
vsbiol
Funding Authorisations Data storage Pre-processing Validation Dissemination Clinical Practice
Define use cases right
from start of proces
Pipe“ne this should
Entire be circular
s pRsieh and iterative
What are the requirements non-linear i
within each stage to not a pipeline
support cardiovascular
imaging research?
Clear method to get
;- Ned 10 validate In REAL WORLD
Lrge (natic good things into O et o e Splfied proces for data, notin research data e
NolP collectiorclinical practice, link science  f normal as population |G €tc. approval and with heart disease
s e training ‘and cancer, rather than the
imaging ¢ between NHS and ‘technologies shift ‘mono disease conorts that are.
. . P studles.
olutions/ideas
§e cumeQ / need
designed Lower barriers and Z;’;::g‘:‘:; datasets that
datasets for Swiidioe L i g represent
extemal improve multicentre ean acass Sharsc disease not
validation collaboration annotations oo
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vvascuial uisTasc: Health Data Research UK
ith 2021 St
cngmeers who e gamg 10 larger scale
dothe work
Needto align Al |Challenc sadsiakers Resource fmiations Eor AL enoeds
funding calls to Skl at hospitals (for flexible envionment which
mostimportant | el e o i) ‘end lerge-scele GPU.

patient-related

enabled — who peys for this.

Infrastrucure.
1 lnk NHS
and

universites

Granular access.
Enabling model tooling  without da Lack of large-
‘env (eg, runtime access  dupiication (due to scale annotated
10 PyPl) vs Safe Haven size voiume of data) datasets

o questions rather

Thero 1 Coud erable PACS.
softwere to ellow onnoteton
forotrer projects

readiers per case
~Lots of examples ot s

goverance

Integration tools.
required

———— mEwcsey
St

Vaiidaton of Al
techniques s oten
contrved ana does.
nottackle
problems In their
*real-world®
compiexity.

Need externa!
validation cohort.
100 many papers

Both date.
infrastructure and
analysis need to be
hidden from vendor

Cloud-based storage

Clinical Practice

PACS integration s easy
Location based feedback

‘Avoid vendor specific
solutions

Inercperabity of
than technology ~ Funding Authorisations Data storage Bieprocess oo
«
g e iing i Difficulty in g e
R e sty age curating data Lack
cmcpmmen  sacur ot from diverse sxencarcisazon
— L= i, centres/scanners
P . I . ol sources to capture Data storage
distribution shifts i
Ipeline e Eerci
Enaina o Neearoavoa ol Bt required that
) Hnang foctne Seszoie el finishes & oot et
What are the requirements annotation
within each stage to step o dificult limited clinical groups
R toget
support cardiovascular a5 in
imaging research? the NF
funding for training in legal method to issue requires HPC
el e walve consent in
order to do at
Fund better communication scale
between engineers and
cardiologist to understand
relevant questions and what =
the technology can do.
Prioritising ; 3 .
level ed  Collectas much data as
Solutions/ideas Ste Require automa Need
seron e e o we e {uestons ang ‘ / Need o nationalapproocn  207€€MeNts that  processes (these exist) possible from as many sites dlear
iy they conbe o0 gt s o better . st can be applied  which remove the need @d centrelise to use across pathways
uelning, across different  for the hospitalto  ™utPie diferent research defined to share
between clinicians ~ fellowships to improve o el Studies rather than datsbetheen
and engineers/ crosstalk between auomaedechnques — 1 0 L individual projects
data scientists. specialities and
munderstanding the proble
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Pipeline

What are the requirements,
within each stage to
support cardiovascular
imaging research?
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Challenges/blockers

Funding Authorisations
Optaining funding o
support resources
and softwarte [onger Consent
rem
Proemee
Site identification

Data storage

Developing a way .
patient data
standarisation
Getting the data
and obtainil Trusied warenose:

Deidentiication

Diveristy of
training/tes.

set

Swndonsation

Validation

Heterogenous

Dissemination Clinical Practice

How deal with complex
‘ecosystem resenting >
‘ot for e
‘ve0s of procuce?

Solutions/ideas

Ancnymezton
of aicom fles =] "‘:.:I"“ Lkl databases in
== the NHS dat
catasers. Inclusive of ° °
etnicity, disease type.
et
Meking sure standarcs are
flible enough ta allow for
developmenuimprovements Standarisation
i freeze
inovauon?
Solution: NS to
Selutions:
Getlarge: approach -x
samples HHS guidelines?
NIHR/BHF
panersnip.
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Group 4

P

lar disease?

Ahé;- Data Science Centre

Lodioy Heaith Dot Research UK

ravuRUN

Health Data Research UK TREs/Safe Havens need to
have the tools for Al
development, extract the
trained Al models safely
Cohert building to extract relevant and the hardware required
data is challenging. The DICOM srimreien B
Chall /block o tags are used differently by goals between  COmersilisaton
allenges/bloc " in open access T is difcut, maltiple
epidemiology - different vendors and people. Even " %P ime consuming =irensr 1 industry & ndl ) :
My current project h o - ! data, lose postdocs & timeand  practice and VERERETS cortfcatonin ) Lo tve  Porentil basesin
[ p— why was stucly just finding body part is really hard .. aion ana trained e academia-  algorithms likley to i clinkcal practice -
dene? P regionally L be forgotten - what 00 effecton  anchonng effect”
10 get approvals lone? wated effirt researcers texd) <linicz common kt competrion practice  ‘bondwesor
(text) workflow challenges ather vehicles ars. wogon
ther?
Funding Authorisations Data storage Pre-processing Validation Dissemination Clinical Practice dey p:::: —
Duplication? The Modus operandi 1s
- "EITV'IEVW pecoe e Handing P et [E— . Randomised tests vehicle for 1 see lots of NHS
appearance hat we plurality of stancaress for annotanonbetween Reectly talking to device misimerpreation of safety and
have lots of ata ana devices - Modein Al madels pre-processing researchers and avaiibie goia companies e.q. haw commercial checking
a Q sare navens gettng advance very quickly before training? envionments suanderd Siemens. But development scking
Justifying the access stll requires a and we find safe algorithms e m—— works of Al effective. Rival
ipeline e, e e oAl e
ensuring a priority e suchmocels Vaigaung e are safer, T
for the specialist cheaper ete 2
What are the requirements area . manual v pgiei Aot Lots E_I' p want this
within each stage to Questions of e automated e markets mep;asi's':'" ‘L’} confusion
i o for mugatng Having tools and about how ongoing
support cardiovascular aigommms n share models )
A e sl blactn mainng TR ready Al i training. Head
imaging research? Wasted 9 e sets validate in a safe, e rert
S 0 hea
ean principles on commerical secure way N
how to deal products - dothey how to comparisons
wnh incidental offer value for challengin:
eyt deploy aing
Solutions/ideas e . sommrc
open acces; " m:\;r:r:vs - algorithms, not just d'g""‘g e algorithms
workforce 5
development developing available
open dialogue with
funders. Collaborate
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"People first not
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technology”. The process MIe{sFIl Ienges/blockers
outlined below feels
technology first. Where is Neeas integration into
" " or cinical electronic
the "change plggra mme P
captured?
Funding Authorisations Imaging Data storage Pre-| Analysis,
Recsarch ueston
et How to form a
e funding How do you ensure What tests? CTIMR ==
application GDPR edherence? on PACS - echo on Data curation/ experts to
without different platiomms standardistion -what is train data
R Hiaa authorisations G M b — ,
Pipeli: o Coucy 2
dwz(um Fonmelers ascess ek 15 of I‘analysls alters features|
What are the re« and benet of storage ana | insuch away thatit |
propossd mags dota = h eke fuance'Al

within each stage to s Platform Howto \ decision / dfferent 2l

support cardiovascular Confidence. communication, e __ model

imaging research? standard . conventially

Diversity | | StorednPA
| inclusion
Solutions/ideas e = Govemarmce
coordiation. _ cooxtinaton CeliEcT integrated in all
Clearer =5 plpelne stages

processes for
data storage
costs.
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Appendix H - Mural board images from session 4 “What types of research questions
would a federated approach allow us to address that we can’t do now?”

Group 1

What types of research questions would a federated approach allow us to

address that we can't do now?

Removes |s the algorithm
challenges of robust to
sharing Multinational
X technology. .
potentially e studies
deidentifiable ethinicity,
data geography
Reduce What are the
brittleness of stengths and
models by weaknesses of
highlighting -
regions with poor arespective
performance algorithm
How to How to
conduct conduct
researchina researchina
safe time efficient
environment manner
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What types of research questions would a federated approach allow us to
address that we can't do now?

Linking imaging
findings to clinical
ouUtcomes across
multiple centres-

develop
prognostic models

Patentially could provide
access 10 a richer set of
clinical endpaints the
traditional centralisation
echmgues do

risk stratification and/

or prognostic role of

imaging in a range of
CV conditions

Difficult to define
specific points that
can be done with
federated learning
that can't alreachy

be done with ather
approaches

Develop automated
segmentation tools
from diverse data
sets on different
scanners

How weell an algorithm
performs in different
populations vs
different centres

As data

British Heart Foundation
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Potentially
allows rapid
international
collaboration

at scale

expand the network of
collaborators (expert
centres supporting
maore data-science
junior centres)
collaboratian with Eh:lsﬂl'lg
clinkcal and imaging
dmhase-‘teglstnes

nationally and
Internationally

doesn't have
to be moved,
less regulatory
CONCerns

But with multple users
accessing the data could
became more difficult if
multiple parners need to
approve

Would a federaned
approach suppon or
undermine
democratisation of this
type of research?
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Group 3

What types of research questions would a federated approach allow us to

address that we can't do now?
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Group 4

What types of research questions would a federated approach allow us to

address that we can't do now?

Abilty to create more
diverse data where
diversity is required.

Simply - looking
at associations
with image
derived
phenotypes

Effects of
ageing and
environment on
cardiovascualr
heatlh
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Testing how biases in
data affect models.

e.g. effects of
ethnicity

How to handle
outliers / rare
phenotypes

variations - statistcal
shape models and
outliers
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Group 5

What types of research questions would a federated approach allow us to

address that we can't do now?

Better understanding

LT & TR Cross-site metric iy
usefuL for exam p|e, in What are the practical

. and tangible benefits

health economics opportunities of using

federated learning

As it could get you to bigger scale -
picking up rare effects / edge cases
adn including more diverse groups

Federated leaming
within EU countries

of patients
PPl event, annual
Governance benefits - CAG submission
single application for External validation of
. Flexible model all clinical data models
Rare disease research
. Section 251
Infrastructure set-uj
Fosiing asta to ure setup risk
costs are significant -
develop pipelines for . ”
diseases with small {n) is it resilient to future
demands?
De-risking the set-up of a
cingle research
organisation/rust. federated learning solves a problem which
Ability to bring In larger exists In the NHS since we work In sllos. It
organisations to mitigate would be Interesting 1o ask patients/public

the enormous technical challenge of

I\ issues Patient perception - federated learning

\r\ more likely to consent/
Streamline authorisa / trustworthy national

processess - centralised
process rather than Sys'[e m
multiple individual sign
offs

CSIAEE ST PEEEEEE whether they would expect data to move
freely between organisations and whether
. effort could be focused on this rather than
Adresss privacy
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cardiovascular disease?

Appendix | - Mural board images from session 4 “What are the advantages and
challenges of a federated approach?”
Group 1

What are the advantages and challenges of a federated approach?

Challenges

58

Does..n‘t Requires high end Requires
Safeguard reguire technology and assurance for
data safehaven ¥ expertise to be algorithm provider
which can be avallable atevery site  of the security of
expensive -€g. GPUs, data their IP as its
pulling, cleaning, shared across
Potential for greater metadata mapping centres
Fewer transparency |
barriers for T;": W“trlfs - |:d5Lle of equity, ";":l Duplication of
elr results an academic centres being
regulatory patients assured uptooled to allow effort - 5{10;‘20
approval where their data s federeated leamingat  SIt€S having to

going

Potentially use a lot
mare granularity of
data

cost of smaller DGHs
which might have been
able to contribute and
engage in centralised
learning

individually clean
data rater than a
single central core
lab process
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Group 2

hat are the advantages and challenges of a federated approach?

Challenges

Commonality of
coding systems (eg,
OMOP)?

Requires massive
investment in local
infrastructure at

Requires massive
upgrades to network

Less need capabilities
for individual hospitals
ion?
regulatlon. Is it more difficult to
ensure consistent/ curation s ™'
good data quality cnateane™®
check etc?

Do not need to collect :

data to a centralised

Will be extremely
challenging to onboard
non-research orientated

Puts a lot more work

environment
on the local teams

rather than a central
team

hospitals reduding
representation

Useful for pooling Could help to gy
research democratise
populations. research and
Perhaps less engage smaller
useful for routine centres over
clinical data wider regions

Need to clearly define
the need for federated
learning and focus on
Important test cases
and not technology to
ensure maximum
benefit delivered from

Working with linked
datasets becomes
much harderin a
federated environment

Requires physical
hardware (or local
virtualised) which i

this approach hard to maintain.
More technically
Counterargument i that it may il BT e T
bbe mers accescible for groups other approaches Boseline infrastructure in studies need to be

e e.g.. hospitals need to NHS hosprols i lacking - gjye-epecific as Al
exisung datasets who may not e p— o P
have the Infrastructure to P could affect

‘Seems teasinie now In tems of

Tederate leaming of awerse researcn
local level - could have local

participate In federated research ~ INfrastructures -risk of L L conmibue  dOWNStream costs/
program limfting to larger tofederated approach  tesis (e.g. breast
university hospitals screening)
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Group 3

What are the advantages and challenges of a federated approach?

Data needs to

Feasibility of
be inacommon  [OUEll[Egle[ES deplying in
format and clinical
agreed setting
standards
Privacy preservation More accurate Difficulties in

models (due to more
training data) support
better patient care

preprocessing data
D2 thetacn recurements szt .
25 banfers-or certain that you can't see
IngtRsons 1o take part?

Fairer models due to
more representative

training/validation Risk of ability to

Lack of petient

data reconstruct sensitive engagementimst Infrastructure
data from model make it inclusive
. parameters and working in
Data remains different sites,
with the data (ST
Collaboratwe, squnabi controller -
TV > What data,
R EEEE where,
., Po I for . N N i
I‘;?;:g:“a:z“‘ s‘:g:laumer governance ' permissions Public and
period — healthcare buy
process, in, support from
linkages ’ nhs, learned
Starting the e
Easier What are the process
disadvantages of a 5
access to Pa— ELEIET
Regional/Countries o
Iarge restriction can be GIEFEEET e
, L.e Chil
datasets overpass, L.e China Ovmership of
mutually-generated IP
what are S S—— needs to be thought
. measures of slg ;::t[:atare out more carefully
More agile, SUCCeSS  _  storageor
reactive and transfer
scaleable semes
Who funds
federation
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at are the advantages and challenges of a federated approac

More diversity is
always better
data

Easier to reach a
‘critical mass' of data
required to train /
validate for a specific
purpose

Improves local 'stie’
saviness / knowhow

Does it really reduce
complexity - needs

Resources
—] approvals for
researchers to
EEEEREhas access data to bulld
thelr models

What alternatives do
we have 1o federated
learning?

Economies of scale for
resource / tech /
governance to deliver

May harmonise sites

Speed of ethics.
creates bottlenecks

Ethics

Public engagement to

explain that opening data i
to federated models will leferent
make better / safer / ethical and
faster healthcare data uses

between sites

#ﬁ

Obfuscation of privacy
e.g. hides gender/race.
How can then we
probe for bias if such
variables are hidden.

NHS

resources

Technology that
works and can
be deployed in

Who supports the

pipeline? Commercial [EEGLUIERE

advantage to refusing indu:
federated approach - 0 this environment NHS
they want the data pressures -
Buy in from industry is resources

challenging - what
should deployment
look like?

Challenges

Privacy -

Differential priva
harder to el

may have issues with
categorical variables .

check for
bias

Obscure variables.
e g could be using
race. How to make

DP models
become harder
to check for

- this work
leakage / bias
Might increase
COSIS 10 Set up i &
umes for

teams In each
site

Organisational
cultures -
requirements of
research vs
service. Who has
time to export this
data?

Ensuring that "sites™
have compute
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Group 5

re the advantages and challenges of a federate proach?

low knowledge Cha"enges
new technology. the  Meeds people at

EpErEES ] what it utility is not known (or mpm:l:tﬁ:lyess
is (particularly may Understood)  and sharing aata er
lower costs? affect attain board eacn stuay?
opportuities to buy § level buy-in) )
Environmental
once for all? emaie? Expensive
communication

Good data forced to
mix with bad data (not

Scaling over #sites. all sites are state of Clunky, time
Intersite promote / foster the art) consuming to partner,
communication times. culture changes local IT might not be
are mere tangine supportive
e
oetwsen modsi:
nanes on
tearstec ame
ratner tnen pacizs i
caur risks
Potential to i 5
reduce many (e associated
towards a -
e : with vendor
anonymisation micro not -
C=) macro way of lock-in?
working 3
Does feceroted ceta provide Maintaining
‘ebsolutes’ to protect egainst . -
data breach? Does this open interoperability
Data breach =  #voe o meficious emacke? (could this

With the right safequards, the

catastrophic scops for on citack s 2mall preempt the

Sofer than need for
holding it federation?)
centrally

Ethics - how well are

Simplifyin Are changes in these understood /
P fy g regulation needed? articulated Concems over

the use of ownership of results =
small contributors

Federated Learning is a 'bottom up' technology N _
approach - favourable reviews from invariably lose out
Trust executives. Previous 'top down'
appoaches to centralise data are not
deliverable in UK Healthcare settings
at this time
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Appendix J - Mural board images from session 4 “What ideas do you have to resolve

these challenges?”

Group 1

What ideas do you have to resolve these

challenges
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Lists of centres
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Group 2

What ideas do you have to resolve these

challenges

Can money
invested in
federated learning
be used to
improved hospital
infrastructure?

Need more
investment in IT
infrastructure for
hospitals across

the board,
regardless of
specialty

aoo
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Group 3

What ideas do you have to resolve these

challenges

FL at country
leavel or regional
level?

Build
exemplar/PoC
systems

Straightforward best-
practice playbook for
adopting FL across

PACs
connected
regions for FL
5-10 Trust/GPs
conected

OQO

Co-develop
solution with
public/patient
groups

Suppert the
governance
approval stage -
which should
also only need

British Heart Foundation

Data Science Centre
Led by Health Data Research UK

TRES to be done once
Create best
s practice for
|nf(as}ructure of aobt aining
"building blocks"
that could be governance
combined in
different ways
Engage S Honest brokers
people at like BHF, patient
eastly stage group
Accept that engagement
researchers essential

and public may
have different
priorities
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Group 4

What ideas do you have to resolve these

challenges

Public engagement
to explain that
opening data to

federated models Public
will make better /  Gul:ElEu=a
safer / faster
healthcare

Legal

input

More legal input - what
should our tolerances

GP wide approach - be? Information
High social gainand SO the same across all governance - what they
low social risk. GPs across the UK should be doing

Harmonisation
of regulation

What are A
customers 30
prepared to
maintain a
sustainable
system?
better
Who will maintain the training
resources? across NHS
staff, T, etc

Develop
Case studies academic test
"additional” sites
Genomics 100,000 for raining
genomes - approach. students
Actionable, clinical

improvements. Use as a
case study.
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Group 5

What ideas do you have to resolve these

challenges

low knowledge
experience on what it
is (particularly may
affect attain board
level buy-in)

Security + Risks
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cardiovascular disease?

Appendix K - Mural board images from public and patient representatives’ session
“What do you think are the benefits of imaging data being available/used in

research?”

Benefits

research?

Endless benefits . The data can only
enhance research and potentially
benefit heart health. Our data Is
needed for this . (We can talk about
our symptems but nothing can be a
substitute for the Images from the
tests )

Opportunity to
learn new things
or things you
might not even
have thought
about

Novel

discoveries

Big data can help
clarfy the meaning of
rarer Incidental
findings

the difference of being
seen clinically ina
haspital that values
research, companed to
one whers scans and
clinics are seen as
routine’ ..

Spesd ana rellanality
of analysis

Can be used to

make scanners Improvments
SR In speed and
detecting and
monitoring LY
problems

Use of Al and Potantlal to look
at data from

CoOmpuUters -
h F h differnt types of
a_,t_ = scans In same

potential 10 5ayane? Mot usre

make it faster

If possibke

Opportunity for
HS/Healthcare
to get money
back from
Investing In
machines?

Cost
recovery

What do you think are the benefits of
imaging data being available / used in

AII o t:le stuff Lats of
caoliected by the
MHS | ty I X . accessible
ECUEN Using existing data
been used for R
; avallable o
something.
sclentlsts
Can be used
by
“averyons”
who does
ressarch
Looks like [-¥ees SeeEw e Greater sharing
data covers of data for other
extensive clinical arsas
health areas such as cancer,
etc
Potenial to

follow disease
progression

over time and

eam from It?

Use to make D
new reatments . No burden
patient :
and ways to [ [0 patients
monitor
conditions

lliness and conditions can
hawve a positive impact for
patient care in the future?|
know what | mean but
nnot sure how to write it

Makes the role of
radiclogy technicians
and radiologists more

professionally
rewarding

People are interested
in it which may lead
to more people
working in this area

Improved
resource

and capacity
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Appendix L - Mural board images from public and patient representatives’ session
“What are your concerns, if any, about imaging data being used?”

Concerns

It's hard to
opt out of
data being

used
|

Opting In/
out

Opting out
children's or

Is possible.

If anyone was to
start refusing tests
due to data usage

CoOncerms

Inidenta
findings and
feedback to

patlents

Patient voice,
trust and _
communication ket

Ensuring patient voice
Is always heard
throughout all stages
of the research

Do UK data
banks hold data
Are there areas of fram other
patient data which  coutries? Is this
sould not be used?  relevant to the
NHS

Risks of making some
information inaccessible,
&.g. to relatives of
deceased patients who
may have need to know

Is old data accurate
and Is I1s tll used. |

mean as scans
Improve.

s the data from
people who have
passed away

opted out of data used.

cared for data?
Mot sure If this

maintain
confidentiality|

opted out of research
after bad experience
but | don't know If |

Vulnerability of
tems to loss of key

staff

Hdo you deal with
consclous and
unconsclous blas In Al
Algornthms?

Ing Al/ML

Project

management

Security worries most

Who has
access? people, not me
SEENEE particularly. -
doctors, pharma, : Commercial
HirEe ata explottation by gain from
commerclal orgs Is often
data

Who has access
to the data -
particularly wary
of companles

Data access

and security

Can data be

Acuracy of data - there
can be errors in coding
medical records

menntienead but this can
be managed

What are your concerns, if any, about
imaging data being used?

being
identifiable

Data
curation

Different egquipments

systems, software???

The cost to NHS.
s it an efficient
use of funds ?

There seems tto be some overlap
between the reserach projects.
How do you deal with the practical
issues around collaborations
(budgets, different barrierss, eic?)

Dot exploited by
commercial organisations
should be paid for.

accesslble?

leed to be clear on

what data is/isn't used
- what are the

benefits and risks
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Appendix M - Mural board images from public and patient representatives’ session
“What do you think are good ways of explaining imaging data research? Can you
suggest specific words to use or not use, and the kinds of formats we should
consider for effective communication?”

Communication

What do you think are good ways of
explaining imaging data research? Can you
suggest specific words to use or not use, and
the kinds of formats we should consider for
effective communication?

heve hed x rays sl our lives but
maybe not much mare uns mone

Words flagged so recemtiy. Lots of grest tests now -

far: PACS, DICOM, just always explain the jargen.
POC, TREs, GPLU, And yes. illustretions shways.
CHiI number In Scotland,
HIC save haven, ) TNHSbhas pr;-duced a
metadata, algonthms, e jargon buster document...
representativeness, bust wery useful. Perhaps we
generalicabiity, n-, basal slice, should preduce one with a
clarlty on consented vs Starting paint Is TOO complicated great dose of humour
unconsented data (what types of the public, farget the acronyms |
data) Everybody understand X-Ray Images. 1
a“‘:‘j&“t:- :ﬁ:lch S'-fP“ErF'EEP'E | do like the 'right treatment
understan . N s . - .
Busirations. Keep It simgle ! at the right time for the right
person’ language and also to
focus on how research aims
to make results faster and
VlﬂEUCH"DEgGGﬂis more accurate
long a& the language Is
easy 1o Tollow and the I would want a leaflet or letter which 1) - minimalinformation about risks
DE'::ESI:D"E':E‘:_'ISH"“' clearly says, as part of explaining  and benefits. Litde informetion about
= what the scan is for, and what it~ xpenzes for taking pat - the one | did
infographics. | ke R® beél;l_lgFgIt\;endths :nmfo - aﬂscan involves, how the data will be used, h“mm;;”ﬂ‘:'u‘t’r:.‘;'m;fw'h{
some of theinformation - 8 standar armation .
sheets produced for  booklet . | think they are great . vhere | caannznihglg)n;ie 3BOULTL.  oypenses over the limmited amownt
children. They are really good go to e
Miture of images oot L e Chalengs of how susy the Lang.uage -
T - e eardiology department is to conversational language,
engaging Interactive e clen‘r::':lpln1ﬂ'.innt—h ELITEEEN i< lay members, patient
II.'.B t , e erence between nesa .
fo tools :,.:,?::;_.m:u emings volunteers in the comms
; h PowerPoint . Mice and clear . UEE
| FImTEL th Perfect | think . | realise Clinical r1al - T00 MUCA  qesnini some terminoieay
mages. gajphics. PowerPoint Is quite old now - If medical Information glven. L7 reesnes =g, Hean
vide there Is a contemporary EMPATHY N h ab hg i =a;rr::l~;a:r_|14::9|: fl:‘mge
equivalent, then that . | Just really ot enough about the time B
like the clarity of PowerPoint. It would take and 2nd explanaton
Pretty Images which
look good rather than £ follow | | arrangeing sultable tMe abbreviations - loads In
Coinataas asy to Tollow ayoluts - use for minor heart
worked on a patient conditons such as
- - palpitations and also
T — information sheet recently Explaln how, what, major heart problems
BHF standard informavion bookiet . and there was text all over why and where. :
I think they are great . They are .
el Rl e e hte place. Made it hard to
hospital . read.

Watch out for the neursdiverse. | recently

| wes disgnosad (with an ascending sortic Listen to filled in & form and couldn’t submit ft

Check the reading anms bl o . because It said to tick = check box. No
ry=m) through an imaging study which patie
age to make sure that did have informed consent, but couldnt & box Only & massive rectangle. My

g cover the full range of apions in advance; | b -1 ) deugiter had to point gut that the tick box

It's sultable for the Shink the mesearcher did & grest jo in the: wis Infact the massive tick rectangle. My
cincurmstances, but it wss the follow-up siter brain apparently works in & weird way.

audience refermal to the MHS which vers much mare Say what you mean ;|
challenging.
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