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Chronic liver disease (CLD) is an ignored epidemic. Premature mortality is considerable

and in the United Kingdom (UK) liver disease is in the top three for inequitable healthcare

alongside heart and respiratory disease. Fifty percentage of patients with CLD are first

diagnosed with cirrhosis after an emergency presentation translating to poorer patient

outcomes. Traditional models of care have been based in secondary care when the

need is at community level. Investigating patients for disease based on their risk factors

at a population level in the community will identify its presence early when there is

potential reversibility. Innovation is needed in three broad areas to improve clinical care

in this area: better access to diagnostics within the community, integrating diagnostics

across primary and secondary care and utilizing digital healthcare to enhance patient

care. In this article, we describe how the Integrated Diagnostics for Early Detection of

Liver Disease (ID-LIVER) project, funded by UK Research and Innovation, is developing

solutions in Greater Manchester to approach the issue of diagnosis of liver disease at a

population level. The ambition is to build on innovative pathways previously established in

Nottingham by bringing together NHS organizations, academic partners and commercial

organizations. The motivation is to co-create and implement a commercial solution that

integrates multimodal diagnostics via cutting edge data science to drive growth and

disrupt the currently inadequate model. The ambitious vision is for this to be widely

adopted for early diagnosis and stratification of liver disease at a population level within

the NHS.
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INTRODUCTION

Liver disease is a significant health burden worldwide and is recognized as a leading cause of
mortality andmorbidity in the UK. In 2011 it was first highlighted that despite improving mortality
rates in neighboring Europe, deaths from liver disease continued to rise in England (1). In the
UK it is the fifth highest cause of death and standardized mortality rates for liver disease have
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risen by 400% since 1970, contrasting with improvements in
mortality for other major diseases (2). Furthermore, in the UK
liver disease is the leading cause of death in the 30–49 age
group (3).

The prevalence of lifestyle related liver disease has spiraled
over the last decade with prevalence of diseases such as non-
alcoholic fatty liver disease (NAFLD), a spectrum of disease in
which there is increased fat in the liver cells, being estimated
at ∼20–30% worldwide (4). Timely diagnosis makes potential
reversal of early liver fibrosis with behavioral intervention
feasible; 90% of liver disease is lifestyle related (5). Nearly 50%
of patients are only diagnosed with liver disease following an
emergency admission to hospital (6). Liver disease is in the top
3 for inequitable healthcare (7); the median age of death for
people with chronic liver disease (CLD) differs by 9 years in
those residing in the most deprived quintile compared to the least
deprived (8). Furthermore, the COVID-19 pandemic highlights a
disproportionate impact on CLD; the risk of dying (hazard ratio
of 1.5) was the highest of all the chronic diseases in a study of
15,000 hospitalized patients (9).

Although good at detecting advanced disease, no single
diagnostic test is currently available or adequate for reliably
detecting and stratifying early liver disease. Traditionally a set of
blood tests termed “liver function tests” (LFTs) are carried out
to determine if liver disease is present. These include enzymes
and molecules present when there is liver damage. These tests are
frequently requested but often do not identify liver disease; up
to 20% of LFTs have an abnormal result however only 1.26% of
these patients are later diagnosed as having chronic liver disease
(10). Conversely, liver blood tests can be normal in up to 90% of
people with severe liver disease (11). Othermethods of assessing a
patient’s probability of having liver disease within the community
include non-invasive scoring systems, such the FIB4 score which
is based on a patient’s blood test results and age, which are widely
used in clinical practice (12). The Enhanced Liver Fibrosis (ELF)
test can be used to predict presence of liver fibrosis but there is
varying availability of this test across the UK (13). A FibroScan R©

is a specialist ultrasound, which generates a numeric assessment
of the degree of scarring, or fibrosis, of the liver.

EARLY DETECTION OF LIVER DISEASE IN
THE UK

The Integratrated Diagnostics for the Early Detection of Liver
Disease (ID-LIVER) consortium, made up of NHS clinicians,
academics and industry leaders in both diagnostics and Artificial
Intelligence (AI), are working together to develop solutions for
identification of early liver disease. We identified three gaps
which we believed would improve the identification of early
liver disease. The first critical gap is how we improve the
detection of liver disease at a stage that early intervention makes
a difference. The second critical gap is moving diagnostics and
initial management from hospital-based care to community-
based care. The third critical gap is to focus on diagnosis and
intervention at the sites of need based on objective data and not
historical needs. Our hypothesis is that an innovative approach

paired with the experience needed to implement a clinical
pathway within the NHS may help address all three of these
needs. The novelty of our approach includes both inter-sectoral
collaboration and broad disciplinary involvement; highlighted
by the diversity of partners encompassing the NHS, two major
universities and industry. The aim is to have an iterative and
integrated solution that traverses the traditional boundaries of
primary and secondary care.

The need for a comprehensive strategy to tackle the burden of
liver disease was first highlighted at a national level in 2011 and
first priorities on the agenda are strengthening detection of early
liver disease (1, 2). Currently formal pathways for diagnosis and
management of liver disease do not exist in many UK healthcare
settings. Screening of the general population for liver disease is
not recommended by the American Association for the Study
of Liver Diseases nor European Association for the Study of
Liver disease (14, 15). Local initiatives aiming to diagnose liver
disease earlier in the general population have been implemented
with heterogeneous approaches taken across the UK. Three
established approaches are discussed below.

In Nottingham, the Scarred Liver Project (SLP) established a
commissioned pathway in which the General Practitioner (GP)
identifies patients for screening for CLD based on risk factors.
Initial pilot studies in 2013 focused on risk factors for CLD
and the pathway is applicable to both metabolic and alcohol
related disease etiologies (11, 16). GPs having direct access to
FibroScan R© is an integral feature. Based on the FibroScan R©

result, patients at high risk of CLD undergo further investigations
in secondary care whilst low risk patients are discharged with
lifestyle advice. It has been shown to have both diagnostic efficacy
and cost effectiveness in comparison to normal standard of care
(17, 18).

Another approach developed is using a “reflex” testingmethod
in which further testing is triggered if the initial screening
result is abnormal. Dillon et al. described the “Intelligent
LFTs” (iLFTs) pathway which started in Dundee, Scotland,
where an abnormal LFT results led to a reflexive cascade of
further blood investigations being carried out. Diagnostic and
management advice based on these results is then issued to
the GP (19). The iLFTs pathway has been shown to allow 75%
of abnormal liver blood tests to be managed in primary care
(20). Reflex testing has also been used in the Gwent area of
Wales, with automatic calculation of the ratio of LFT results
of aspartate aminotransferase (AST) to alanine aminotransferase
(ALT) following an abnormal ALT, which has resulted in
increased detection of patients with cirrhosis in a community
setting (21).

Two stage stratification pathways have been set up in areas
of the UK and adopted as routine clinical care. An example
of a two stage pathway is in North London where Srivastava
et al. put in place a “NAFLD pathway” using FIB4 scoring and
ELF test for stratification of patients with a clinical diagnosis
of NAFLD or an abnormal ALT (22). Patients with a new or
established diagnosis of NAFLD are eligible for participation in
the program and based on the initial FIB4 result the patients are
stratified to be at either low risk, indeterminate risk or high risk
of advanced liver fibrosis. Subsequently cirrhosis detection rates
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were reported to have increased three-fold compared to those on
a standard care pathway.

The three separate pathways have individual strengths and
weaknesses. For example, starting with abnormal liver enzymes
may miss disease and focusing on risk factors provides a
challenge on resources in the short term even if long-term savings
are realized. The ability to iterate and evolve these pathways will
be important in the rapidly dynamic NHS landscape.

LESSONS LEARNED FROM THE SCARRED
LIVER PROJECT

As a forerunner, the SLP is an important resource for future
pathway implementation, including the ID-LIVER project.

Co-operation between primary and secondary care was critical
to the success of the SLP. As described in the King’s Fund
report “Adoption and spread of innovation in the NHS” in
2019 the presence of senior clinical champions in primary
and secondary care not only allowed co-production of the
pathway but were imperative in the education of stakeholders
and dealing with inevitable problems that arose during
implementation (23). The sense of shared ownership by primary
and secondary care stakeholders facilitated agile solutions for
implementation problems and prevented conflict between the
involved parties.

Deliberately having a pilot phase when rolling out the project
in different geographical locations was important in managing
capacity and identifying issues early on. This multi-stage process
has needed long term commitment, proactive engagement and
negotiations from the clinical champions to gain traction in
primary care and ongoing funding at every stage of the process. A
major barrier for the project was based on the financial budgets
being contained within operational silos. The long-term health
economic arguments were understood by commissioners, but
they were constrained by the focus on short term annual budgets.
Similar challenges have been highlighted in many innovation
reports, including the King’s Fund report, with funding for
transition to clinical care often being cited as the main obstacle
for successful delivery of innovation (23).

The initial studies of the SLP were conducted in different
geographical and socio-ethnic areas and showed that feasibility,
engagement and disease detection was similar. However, during
evaluation of the commissioned pathway it became evident that
30% of referrals originated from only 5% of practices (Guha et al.,
Internal Audit- unpublished). These practices were not based
in the highest areas of disease prevalence and this highlighted
that traditionally “hard to reach” groups (including disease
characteristics and socio-ethnic factors) may need bespoke
solutions. This learning has been carried forward to ID-LIVER
when considering need for targeting regions of highest liver
related morbidity and mortality.

A key barrier has been the ability to match the resources with
evolving demandwith rising prevalence of lifestyle associated risk
factors. Finding effective triage tests, especially in the context of
normal liver enzyme tests, has been challenging. Thus, there is a
clear need to fine tune the diagnostic pathway; exploring novel

tests or hypothesis free approaches (such as machine learning
techniques) in future iterations is an attractive approach.

PROACTIVE IMPLEMENTATION OF
HEALTH TECHNOLOGIES

The ID-LIVER Project
The Integrated Diagnostics for Early Detection of Liver Disease,
or ID-LIVER, is a novel consortium targeting identification of
early liver disease. We aim to use machine-learning algorithms
to integrate patient and diagnostic data from multiple sources
to develop a model to detect patients at the highest risk of
progression to clinically significant disease. These individuals can
then be targeted for intervention to reduce this risk with the
potential to improve health outcomes and costs. The project is
funded by the UK Government’s Innovate UK Industrial Strategy
Challenge Fund who will provide £2.5 million, with £2 million
matched in-kind funding from industry partners. It represents a
partnership between clinical and academic colleagues from The
University Manchester, Manchester University NHS Foundation
Trust, The University of Nottingham andNottinghamUniversity
Hospitals NHS Trust, as well as major industry partners GE
Healthcare and Roche Diagnostics.

The North West of England is amongst the highest for liver
disease prevalence in the UK with up to 30% of the adult
population having risk factors for liver disease (8). In Greater
Manchester this equates to one million people at risk of liver
disease highlighting the need for population level diagnostic
solutions. Greater Manchester recently underwent devolution of
its health and social care and in 2015 37 NHS authorities and ten
boroughs combined to form the Greater Manchester Health and
Social Care Partnership (GMHSCP) as the first region in the UK
to be delegated control of their health and social care budget. In a
region covering 2.8million residents, with diverse socioeconomic
backgrounds, the aim is to target both health and social care in
unison to improve health outcomes.

Pathway Inception
The clinical care pathway established in Greater Manchester
has been designed in collaboration with the Integrated Care
System (ICS) and Primary Care Networks (PCNs) to enable
a pathway which facilitates both primary and secondary care
needs. The new liver assessment clinics will blur the traditional
paradigm of primary and secondary care. The early engagement
of commissioners and having clinical champions in both primary
and secondary care were important factors in the SLP (Section
Lessons Learned From the Scarred Liver Project). The ID-
LIVER team actively considered factors at each step of the
patient’s journey, from identification to investigation, which not
only improve efficacy but also address equity of access (Section
Improving Equity of Healthcare Delivery).

Working within the devolved healthcare system allows the
team to approach liver disease on the scale of a population
health concern, in comparison to the operational silos often
encountered in a traditional healthcare system of Clinical
Commissioning Groups (CCGs). The ambition is this will
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provide a potential solution to the short term and silo budgeting
issues that faced the SLP.

The advantages of an initial pilot phase, as seen in the SLP,
provides a mechanism to roll out clinics in an agile, stepwise
fashion. This iterative approach makes it easier to quickly resolve
unique challenges of individual sites and populations.

Improving Equity of Healthcare Delivery
The geographical location for the clinical interactions for the
liver assessment clinics is an ongoing deliberation for ID-LIVER.
Working with a health analytics platform, Sollis Clarity, the
intention is to understand the context of population health.
Adding in collaboration with primary care organizations, such
as the ICS and PCNs, we can start to understand where
the risk profiles for liver disease are located geographically
through disease “heat maps” and then establish new community
liver assessment clinics in these areas. The clinics can be
located according to higher disease burden, disproportionate
liver mortality or liver-related outcomes. This will work
toward addressing referral bias and improve equitability of the
delivered service.

With Vocal, a Patient and Public involvement organization,
open discussion with different patient groups with risk factors
for liver disease within Manchester has been initiated. Involving
the “hard to reach” patient groups in the patient design aims to
enhance service accessibility and is a critical part of improving
equity of healthcare delivery.

Identifying “at Risk” Patients Using Digital
Search Tools
With limited resources within the current NHS, patient
identification for further clinical investigations is a pertinent
issue. To facilitate identification of patients with risk factors for
CLD, screening of GP practices is being carried out using North-
West EHEALTH’s FARSITE (Feasibility and Recruitment System
for Improving Trial Efficiency) technology. This is a centrally
run profiling tool which identifies if a patient has risk factors
from de-identified records. All patients with risk factors for liver
disease documented in their records can be approached directly
via written communication from the GP which is a critical
enabler when implementing a pathway design fulfilling GDPR
regulations. Critically, once optimized, this technology requires
very little input from busy clinical and clerical staff and rate of
invitations can be controlled to map to an individual assessment
clinic’s capacity.

Following an initial search of central Manchester practices
(serving∼900,000 people), FARSITE has identified 2005 patients
with three or more risk factors for liver disease who have never
been investigated for liver disease. A further 55,286 have one
or more risk factor for liver disease. This shows how significant
the potential target population for investigation is, even in a
small geographical area. The project will thus provide a proof
of concept if digital search tools such as this can be integrated
into clinical pathways of care. Importantly this will provide a
mechanism of identifying patients where there is a disparity in
individuals and practices, which have a burden of risk factors but
are not being stratified for CLD.

Providing Diagnostic Services to Those
Most at Risk of Liver Disease
Optimizing delivery of resources to individuals with the greatest
risk of liver related outcomes is imperative in a financially
constrained model. It is critical to identify those with advanced
liver disease or those with early disease and high risk of disease
progression. We are employing an AI approach to address this
so that stratification can be carried out on a larger scale than
previously established pathways. In collaboration with Jiva.ai, a
company specializing in predictive analytics powered by AI, we
are developing an algorithmic tool to predict risk of clinically
significant liver disease. Using the carefully phenotyped cohort
from the SLP, initial models are being developed and then
validated using the prospective Greater Manchester cohort.
Novel biomarkers are also being explored in the ID-LIVER
cohort including serum markers of fibrogenesis, genetic markers
of fibrosis, imaging and platform “omics” technologies. Putative
biomarkers will be prospectively validated and incorporated into
AI modeling.

Improving Clinician Access and
Acceptance
Nationwide there are numerous electronic patient records
systems, which often do not interact with the other systems
in place in healthcare settings. Collating and managing the
multiple data streams required in a patient’s care is often
challenging. As a tool to aid this challenge, a novel clinical
interface which is a cloud-based platform is being co-developed
with Roche diagnostics (Figure 1). Ideally, this will be accessible
to all healthcare professionals involved in a patient’s diagnostic
pathway from Practice Nurse to Consultant Hepatologist,
reducing duplication and providing consistency. Clinical
decision influencing data will be automatically sourced from GP
records, hospital records and imaging assessments (including
novel imaging assessment like Perspectum LiverMultiScan R©).

THE VISION FOR AN INTEGRATED DIGITAL
SOLUTION FOR COMMUNITY CLD

The Richards Report, part of the NHS Long Term plan focusing
on “Diagnostics: Recovery and Renewal”, stated that “Effective
pro-active management of patients at risk and at earlier stages
of the [liver]disease course can improve outcomes for patients
and lower costs for the NHS” (24). Establishing infrastructure,
such as community diagnostic hubs, provide an opportunity
for liver disease. Using the clinical caveats in Figure 2, we
illustrate how CLD is managed now and could be managed with
implementation of our pathway.

A key goal of the technologies and pathways being developed,
as part of the ID-LIVER project, is scalability. The ambition is to
develop tools that can be exploited for patient benefit, nationally
and internationally. Translatable technologies from ID-LIVER
will be the use of “heat maps” to locate areas best served by
specialist services and the ability to remotely screen for patients
more likely to have disease through both targeting patients with
risk factors and use of an AI algorithm to stratify patients for
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FIGURE 1 | Unifying data—the NAVIFY® platform.

FIGURE 2 | Comparison of services with novel pathway.

investigation. This is in line with the government’s aim for both
improving inequalities in healthcare and providing “proactive,
predictive, and personalized prevention” in regards to long term
morbidity and mortality (25).

DISCUSSION

Improving equity of healthcare provision and proactive case
finding to prevent long term morbidity and mortality is a
key priority in the current UK healthcare system. Up to 30%
of the population may have liver dysfunction and a more

comprehensive method than is currently available for patient
identification and stratification is needed due to scarce resources,
high numbers of people affected and “hard to reach” groups.

Using innovative technology, ID-LIVER aims to overcome
hurdles preventing earlier diagnosis of liver fibrosis within
the community and pave the way for population level
management of CLD. Collaboration with primary and secondary
care clinical champions when designing and implementing
this technology, with assessment and remodeling at every
step, will allow flexibility in adoption and diffusion of this
novel approach.
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There are a number of uncertainties and challenges to
our approach. Whilst the devolved care system in Manchester
provides a vanguardmodel for the integration of health and social
care it does not mean success here translates to success elsewhere.
An understanding of contextual factors will be imperative and
the pace of integration in other areas of the UK may lag behind.
The involvement of industry provides an opportunity to instill
innovative solutions but challenges remain. Ensuring the highest
standards of information governance has been a priority for
this project and this will need to be maintained in any future
implementation program. If a model of mutual trust can be
established the potential for synergy is obvious. Traditionally,
there have been challenges in how industry and NHS operating
systems interact with each other. The ability to describe if and
how we overcome these barriers during the adoption of new
pathways in Manchester will be a critical piece.

The use of digital technology, particularly artificial intelligence
and machine learning methods, will be crucial to identify, stratify
andmanage patients with chronic liver disease in the community.
Ultimately, the aim is to provide a bridge between personalized
medicine and population health to improving clinical outcomes
and reduce preventable premature death.
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