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SETTING THE SCENE

People living with multimorbidity:

are at greater risk of negative outcomes such as increased
mortality, lower quality of life, and greater use of healthcare
services, including unplanned admission to care settings.

face challenges in navigating the health and care system and
managing their health and are generally less satisfied with
the care they receive.

experience too much emphasis on their conditions, and not
enough emphasis on how these conditions affect them.

see little attention on the wider determinants of health and

how these impact on their lives and outcomes.
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2015-2035: THREE DOMAINS OF HEALTH CHALLENGES
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MULTIMORBIDITY IN THE CONTEXT OF C3-CLOUD

» Accumulation of multiple chronic conditions, including a growing number of functional and
cognitive impairments

» Currently, around 50 million European citizens suffer from two or more chronic conditions

* More than 50% of all older people have at least 3 chronic conditions, and a significant proportion has 5 or more.

» Multimorbidity is also relating to newly observed trends of older people in the EU, as being
identified as more likely than average to be obese

» Multimorbidity can also refer to:
* disability
e acute conditions
e or more severe conditions that are more sudden in onset than chronic diseases, eg a cancer diagnosis

* have increased vulnerability or decreasing resilience to seemingly cope with minor health events, e.g. infection
or medication changes

» Multidimensional view, taking into account social and environmental as well as physical
and psychological factors
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CHALLENGES OF MULTIMORBIDITY

m

Clinicians’ knowledge is insufficient for
assessment of multimorbidity —
particularly in terms of care and
support planning.

The current model of health and
‘traditional way of doing things’ acts as a
barrier to client and family participation

and involvement in shared decision-
making.

Much of the health and
care system and
workforce is designed to
respond to a single
disease rather than
multiple ones

Movement towards self-
management and social
prescribing for
achievement of medium
to long term outcomes is
inhibited by single
disease focus.
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DIGITALLY ENHANCED INTEGRATED CARE

» At present, it is suggested that there is no ‘single model’ that can be applied universally
to achieve care services for people with complex needs.

»Integrated Care

e The management and delivery of health services so that citizens receive a continuum of
preventive and curative services,

e according to their needs over time

e and across different levels of the health system

e Can potentially provide such a co-ordinated approach.

» Digitally-enabled approaches can provide more adaptive and radical solutions to the
provision of integrated care.

» C3-Cloud: a software-intensive sociotechnical system for integrated care
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PROJECT INFORMATION

» A Federated Collaborative Care and Cure
Cloud Architecture for Addressing the Needs of
Multi-morbidity and Managing Poly-pharmacy

H2020 RIA project

Dates: May 2016 — April 2020

Total budget: €4.9 million

Coordinator: University of Warwick, UK
|2 partners from 7 European countries

> Pilot sites:

Region Jamtland Harjeladen, Sweden
South Warwickshire NHS Foundation Trust, UK
Servicio Vasco de Salud - Osakidetza, Spain

[ ]
MEDIXINE [ S
[ ]

REGION

JAMTLAND
HARJEDALEN

C3-CLOUD



C3-CLoOuUD OBJECTIVES

 Collaborative creation and execution of personalised
care plans for multi-morbid patients through systematic and
semi-automatic reconciliation of clinical guidelines.

 Decision Support for risk prediction and stratification,
recommendation reconciliation, poly-pharmacy management and |
goal setting. " MDT & Patients

* Fusion of multimodal patient and provider data. |

* Integrated Terminology Server with advanced semantic

functions will enable meaningful analysis of multimodal data and
clinical rules.

e Active patient involvement and treatment adherence
evaluation.

To demonstrate feasibility, pilot studies will focus on diabetes, heart
failure, renal failure, depression in different comorbidity
combinations. (3 European regions)
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DIGITALLY-ENHANCED AND SOFTWARE INTENSIVE
TooLs IN C3-CLouD

MDT
Communication
Tools

Digitally-enabled
Clinical
Guidance

Patient and
informal care
givers
Empowerment
Tools

Chronic, multi-
morbid disease
self-
management
models

Connected
Health -
integrating
information
systems

New
organizational
and care
pathway models
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Specific
Challenges

C3-Cloud

Objectives

e Managing multimorbidity without informed involvement of all
stakeholders, resulting in specialty silos and fragmented care

e Existing organisational models and care pathways are inadequate for

integrated care delivery

~

J

e Enable MDT members to collaboratively manage integrated care
plans, and support them to provide the best possible care

e Seamlessly integrate with the existing health and social care
information systems

\

/

e C3-Cloud integrated care approach and ICT tools is an end-to-end
solution for integrated care delivery

e Optimisation of multi-morbidity care pathways and organisational
models based on the assessment of the pilot applications

\

J

Integrated
Care Delivery
End-to-end
Solution
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C3-Cloud Integrated Care Coordination Design

e |dentification of stakeholder needs using scenarios for the 3 pilot sites
e 60 Pilot application requirements identified

e 348 technical requirements identified for 6 components of the system
e Survey of the latest technologies, standards, architectures
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C3-Cloud Interoperability

Layer
)
O | )
i Coordinated Care and
e HL7 FHIR has been chosen as the common model B " Cure Delivery Platform
e C3-Cloud’s common shared repository is a secure Platform 5'?@—@ (0P
’ | OX| Guideline i
. == ) > CDS Services
scalable FHIR Repository e
 Technical Interoperability Suite (TIS) L TonFHiR o
e Enables data exchange between the local EHR Repositony

systems of the pilot sites and the C3-Cloud

H H (0) h2 erminolo
components via FHIR Repository - S A
* Semantic Interoperability Suite (SIS) L searyand oo Temel [
e Structural transformation from local EHR formats to P”"acys‘"te  Suite sl sute

Mapping

HL7 FHIR & Teminology mapping I
 Security and Privacy Suite (SPS) __

e Care Team Member authentication and
authorization

e Implements OAuth 2.0, OpenlD Connect 1.0 and
Smart App Authorization specifications

e |Integration with pilot site IdP systems (e.g. MS ADFS)
e Audit Record Repository

Local Identity Providers

Local EHRs

e
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Online Platform for the Management of

Integrated Care Plans by MDT

e Review of medical summary
e Cross-check of all patient data needed as input by the CDS services

e Management of the care plan building blocks; goals, activities and
education materials

e Manual entry from scratch

® Keepblood pressure under control

= Activities

e Recommendations from the CDS services - -

e “Execution” of a care plan e
e Updating the progress of goals and activities -
* Re-execution of CDS services during planned and unplanned =

encounters S SE———

e Display of patient provided data —
e Commenting on the care plan items sttt

e Management of the care team e

e Communication among care team and patient/informal care giver
e Dashboard view

e Patient provided data screen

e Activity calendar

e Real-time system notifications
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CARE PLAN AT THE HEART OF C3-CLOUD
D
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Specific
Challenges

C3-Cloud

Objectives

C3-Cloud
Results

e Clinical guidelines are single-disease centred; falling short for multi-
morbidity

e Polypharmacy in elderly leads to more comorbidities and
medications

J
e Enable personalised care plan development by reconciling clinical
guidelines
e Provide several clinical decision support services to support
personalized care plan development and management )
e CRG led identification and reconciliation of clinical guidelines I
¢ 43 flowcharts implemented as 41 CDS services (283 rules and 52
reconciliation rules)
e Drug-drug Interaction Service developed based on NICE BNF
database -

Clinical
Decision
Support
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Clinical Decision Support

Services

e The GDL2 CDS services are available on GitHub:
https://github.com/C3-Cloud-eu/gdI2-cds-
services

e Used by the C3DP to support healthcare
professionals to develop and manage care plans

C3DP

Clinical Decision
Support Services

Personalized
Suggestions
for

goals and
interventions

T2D Clinical Guidelines

DM2 Care Plan

Interventions
Metformin Treat.
Statin Treatment
ACE-| Treatment

Diet & Exercise

Goals
HbA1c Control
Lipid control
BP control
Weight Loss

Severity and
stage
classification

-Modification of
the severity and
stage

due to RF
-Necessity of new
recommendations
l

Diet, exercise, training

and self-care

-Significant modifications

RF Clinical Guidelines

RF Care Plan

Interactions

Disease-Disease Goals Interventions
i . Monitor Progress RASA Treatment. .
g'seasg.d IR Manage CVDRisk  Dijet & Exercise ersonalized
rugs-bisease BP control -
Drgu _Dru Self Management SUggEStlons
FRILE for
goals and

interventions
Follow-up

Pharmacotherapy

-New drugs

-Changes in “ prescription module”:
Disease-drug and drug-drug
interactions.

-Changes in the content and in the
frequency of visits
-Criteria of referral to nephrology

Reconciliation
of guidance

DM2 & RF Care Plan

Interventions
Insulin Treatment
Statin (Decreased dose)
RASA Treatment

Diet & Exercise

Goals
HbA1c Control

Lipid control
BP control
Weight Loss
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https://github.com/C3-Cloud-eu/gdl2-cds-services

COPRODUCTION FOR SOFTWARE DEVELOPMENT

» ldentification of best practice guidelines

Practice } [ bractce } > |dentification of local practice

¢ Guidelines

‘ \ » Organisational transformation analysis

Capability Gap Personalisation

Analysis Rules
- )

T » Development of personalisation rules

e p
Organisational Personalisation . o . .
Analysis “[ Options ]\' » ldentification of conflicts

\_ J

Y
{ Local ) {C}Cloud} > Reconciliation of conflicts

Multimorbidity J Consolidated

Practice Guidelines

» Validation of consolidated guidelines
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Specific
Challenges

C3-Cloud

Objectives

C3-Cloud
Results
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e Patients and their informal care givers often do not have a
voice in their own care

/

~

e Ensure active participation of patients and their informal care
givers

/

e C3-Cloud integrated care approach and supporting bundle of h
ICT tools, including the Patient Empowerment Platform

e Improved cooperation among formal and informal caregivers

e Increased participation of patients in care management )

Patient
Empowerment
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Care Team — Patient Collaboration

e Care plan access

e Safe messaging

e Reminders to increase adherence
e Actively collect data related to the care plan activities

e Access to relevant self-management material

REST API

New/Updated Care Plan

REST API
New Updated Care Team

New Message

0

Patient Observation E
-Food Photo C® New Questionnaire
-Progress note

. Response
on activities

New Patient

Device
@A Observation

Care Plan Model

Personalised Care Plan Management Event Notification Integration

C3DP (for professionals)

 MEDIXINE

PEP (for patients / care givers)
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PATIENT EMPOWERMENT
-4
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e Managing multi-morbidity without informed involvement of all
stakeholders, resulting in specialty silos and fragmented care

.r e Existing organisational models and care pathways are inadequate for
Specific ; .

integrated care delivery
Challenges )

e Enable MDT members to collaboratively manage integrated care plans, and\
support them to provide the best possible care

e Seamlessly integrate with the existing health and social care information Va I id ati O n Of
C3-Cloud systems

i i ¢ |dentify best practices in caring for multi-morbid patients across sites I d
Objectives y bestp 8 P / C3‘C ou

approach

e C3-Cloud approach validated in 3 European regions with diverse health
systems and underlying infrastructures

e An innovative large-scale impact modelling tool for industrial exploitation

C3-Cloud and large-scale roll out
e Addition to evidence for optimised multimorbidity care pathways and
Results organisational models -
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TECHNOLOGY TRIAL

‘ Is the use of a personalised ICT tool that facilitates coordinated care planning,
treatment optimisation and patient self-management acceptable to patients with
multiple long-term conditions and their team of health professionals?

2
e

e User centered design is
tested with early mock-
ups and discussion groups e UTAUT - Acceptance

e The system components evaluation Acceptable C3-
are tested for specified e Training material Cloud system and
technical software evaluation components ready
requirements User interaction S for upscaling

»satisfaction

®  Months 48-52

: e C3-Cloud system
usage logfiles
Large scale impact
modelling with ASSIST

toolkit and predictive
modelling

e User impact survey
25 e Clinical optimisation C3-CLOUD

¢ Medical device usage




STUDY RESULTS

Healthcare provider
organizations save time
UTAUT patients: 4.76 "

UTAUT MDT: 4.00
Payers save money

Satisfaction can Operational benefits
be increased o’ are key

e Upscaling suggested
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OPEN SOURCE REPOSITORY

» The Audit EventViewer
developed by SRDC.

» The Semantic Mapper client

developed by INSERM,

» GDL2 CDS services
developed by CAMBIO,

» A Technology

Interoperability Suite (TIS)
developed by WARWICK,
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. C3-Cloud
Public Repository for the Open Source software components developed in the C3-Cloud project
[ Repositories 4 Packages People 5 Teams "] Projects ¢ Settings
Find a repository... Type: All ~ Language: All ~ Customize pins m
. Top languages
tis P guag

Forked from omarisgreat/tis
C3-Cloud Technical Interoperability Suite

Kotlin AIA Apache-2.0 ‘;9 1 {YO @ 0 I'L 0 Updated 3 days ago

gdl2-cds-services
C3-Cloud Clinical Decision Support Services implemented in openEHR
Guideline Definition Language v2

BMT Fo wWwo Oo 1910 Updated 7 days ago

audit-event-viewer

Forked from srdc/audit-event-viewer

Angular Web application for searching, filtering and displaying HL7 FHIR
AuditEvents

@css BBApache-20 ¥1 Wo (o0 (10 Updatedon7Jun

c3cloud-semanticmapper-client
Forked from mikaeldusenne/c3cloud-semanticmapper-client
client to the C3-Cloud Semantic Mapper API

@pPython F1 wo (Oo 110 Updatedon6 Sep 2019

@ Python Kotlin @ CSS

People 5 >

L YT R6

Invite someone
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FOREGROUND |P ASSETS AND INNOVATION RADAR
I
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KEY POINTS

» Integrated Care Delivery End-to-end Solution
» Tackling Health Challenges on Chronic Diseases: Multimorbidity and Polypharmacy

» New patient pathways & corresponding care plans that can perform multi-morbid
chronic disease management

» Care Team — Patient/Informal Career Co-operation

» Development of guidelines for smooth management of changes in models of care
delivery

> Validation of Solution

» Digitally-enabled integrated care the way forward: The benefits to
individuals and society are multiple. People’s health journeys are better understood
and appropriate lifestyle choices can be better tailored and promoted to
the individual.

> In the case of chronic conditions, disease management can be more effectively
supported and avoidable deaths can be prevented.

29
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THANK YOU

Any questions?

t.arvanitis@warwick.ac.uk

o B~  esion
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