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C3-CLOUD ARCHITECTURE: FROM IDEA TO HIGH LEVEL

COMPONENTS
I

Patient Empowerment
Platform (PEP)

ACTIVE PATIENT PARTICIPATION

» Patient/family preferences: priorities, wishes, .
expectations, life g

» Patient situation: access to care, support, .

oals

resources, transportation

EVIDENCE SUPPORTED MDT DECISIONS
Clinical guideline reconciliation

* Poly-pharmacy management

Risk assessment and screening

* Final decision by MDT (i.e. solicited support)

Clinical Decision Support
Services (CDSS)
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CONDITIONS &
CONCERNS

* Chronic conditions

= Active medications

» Risk factors (e.g.
age, lifestyle)

\

» Co-morbidities
* Symptoms

*« Wellness

* Injury (e.g. falls)
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Disabilities
& Concerns

INTERVENTIONS
& ACTIONS

Qualitative goals

Quantitative goals
Self-management
GOALS Medications
Diet
Barriers Lifestyle changes
Progress Order « Social activities

* Risk assessment

A
E « Goal achievement
PATIENT STATUS  ---mmmmmnn!
* Functional
i Assessments
* Physical - e
/ . « & Outcomes
» Cognitive

» Social

Side Effects

Coordinated Care and
Cure Delivery Platform
(C3DP)

C3-Cloud
Interopetability Layer




C3-CLOUD INTEGRATED SYSTEM ARCHITECTURE
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Drug Interactions
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Local Identity Providers

FHIR API

Local EHRs
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Structural
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INTEROPERABILITY LAYER

Empowermen t Cure Delivery Platform
F

ien CDS Hooks AP
Platform (C3DP)
Al

‘ Guideline CDS Services
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»HL7 FHIR has been chosen as the common
model —— —
»C3-Cloud’s common shared repository is a $ { s
— [
secure, scalable FHIR Repository

» Technical Interoperability Suite
* Enables data exchanﬁe between the local EHR systems of the pilot sites and the C3-Cloud
components via FHIR Repository
»Semantic Interoperability Suite (SIS)
* Structural transformation from local EHR formats to HL7 FHIR & Teminology mapping

» Security and Privacy Suite (SPS)
* Care Team Member authentication and authorization
* Implements OAuth 2.0, OpenID Connect 1.0 and Smart App Authorization specifications
* Integration with pilot site IdP systems (e.g. MS ADFS)
* Audit Record Repository
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HL/ FHIR AS THE COMMON DATA MODEL

» Used FHIR STU3 Resources:

* CarePlan

e CareTeam

* Goal

* Appointment

* ReferralRequest

* MedicationRequest

* ProcedureRequest

* DeviceRequest

* Device

* CommunicationRequest

* Communication

* Questionnaire

* QuestionnaireResponse

* +tens of others for medical data, e.g. Condition, Observation,
MedicationStatement, Allergylntolerance,
FamilyMemberHistory, Patient, Practitioner

* + foundation resources, e.g. AuditEvent, ValueSet

Name Flags Card. Type
\_-‘3' CarePlan DomainResource
() identifier b3 0..*  Identifier
- 4 definition > 0..% Reference(PlanDefinition
| Questionnaire)
- 4 basedOn z 0..*  Reference(CarePlan)
-~ 4 replaces > 0..%  Reference(CarePlan)
- [ partOf b3 0..*%  Reference(CarePlan)
status ?1Z 1.1 code
intent 1T 1.1  code
() category b3 0..*¥  CodeableConcept
title > 0..1 string
description b3 0..1 string
- [ subject b3 1..1 Reference(Patient |
Group)
- [ context b3 0..1 Reference(Encounter |
EpisodeOfCare)
() period b2 0..1  Period
- (4 author b3 0..*%  Reference(Patient |

Practitioner |
RelatedPerson |
Organization |
CarelTeam)

- [ careleam 0..*%  Reference(CareTeam)
- [4 addresses z 0..*  Reference(Condition)
— 4 supportingInfo 0..%  Reference(Any)
- 4 goal 0..*  Reference(Goal)
activity I 0..*  BackboneElement
(}) outcomeCodeableConcept 0..*¥  CodeableConcept
- 4 outcomeReference 0..*%  Reference(Any)
LJ progress 0..*¥  Annotation
- 4 reference 1 0..1  Reference(Appointment

Description & Constraints

Healthcare plan for patient or group

Elements defined in Ancestors: id, meta, implicitRules, language, text,
modifierExtension

External Ids for this plan

Protocol or definition

Fulfills care plan
CarePlan replaced by this CarePlan
Part of referenced CarePlan

draft | active | suspended | completed | entered-in-error | cancelled |
CarePlanStatus (Required)

proposal | plan | order | option

CarePlanIntent (Required)

Type of plan

Care Plan Category (Example)

Human-friendly name for the CarePlan

Summary of nature of plan

Who care plan is for
Created in context of

Time period plan covers

Who is responsible for contents of the plan

Who's involved in plan?

Health issues this plan addresses
Information considered as part of plan
Desired outcome of plan

Action to occur as part of plan

+ Provide a reference or detail, not both
Results of the activity

Care Plan Activity Outcome (Example)
Appointment, Encounter, Procedure, etc.

Comments about the activity status/progress

Activity details defined in specific resource



ONFHIR - HL7 FHIR® BASED
SECURE DATA REPOSITORY

» Common, standardized, HL7 FHIR® compliant way for health
data access and storage

* Highest scores in FHIR testing tools Crucible and Touchstone

» Dynamically configurable

* Everything is configured from the original FHIR specifications (i.e.
deﬁnitiong)

* Can support a new version of FHIR within an hour
* Support for new custom FHIR operations via a library

» Security & Privacy
* OAuth 2.0 and Smart App Authorization compliant via onAuth
* Structural and functional role based access control
* Automatic audit trail creation

» High performance and scalability

* Outperforms the publicly available FHIR repositories in both reads
and writes

* Direct Json manipulation with MongoDB

» For more information: onfhir.io
* available at GitHub under GPL license: https://github.com/srdc/onfhir

Data Integration Based On
Common Data Model

Granular Data Exchange

Secure Health Data
Storage Exchange

HL7 FHIR® Resources +
Profiling

FHIR REST + Web Socket
API

Security/Privacy
Standards, Fine-Grained
Access Control, Auditing,

Encryption



https://onfhir.io/

TECHNICAL INTEROPERABILITY LAYER

> Enables patient data synchronization from local health and social Supported Interfaces
care systems to C3-Cloud FHIR Repository

> Follows an Extract-Transform-Load (ETL) approach, OSAKI A SOAP service to return CDA data for a patient, A SOAP
- extracts patient data from local EHRs by either querying their ;T\;I‘['CG 1 (RN GlISEREEN CEIR P & [FEiiem 7
accessible endpoints or through upload of formatted extracts
 parses the data into JSON RJH Several REST Services to retuns parts of EHRs as JSON files

« transforms the data into FHIR resources using the SIS Structure ST | AES s eaelinling £ seie e CHie, SEeenek

Mapping Service :
. . ] care and community care data exported every day from
* loads the FHIR data into the C3-Cloud FHIR repository using the Lorenzo EMIS

HL7 FHIR communication standard
» Task execution engine allows scheduling and management of the execution of ETL pipelines
» \Web-based control panel is available that allows users to register patients
» exposes a REST service that allows a data integration pipeline to be triggered by

» The TIS framework has been released on GitHub (https://github.com/C3-Cloud-eu/tis) as an open source
solution under the Apache 2.0 license
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https://github.com/C3-Cloud-eu/tis

SEMANTIC INTEROPERABILITY LAYER

» Structural mappings are involved in the transformation
between local pilot sites data in local format and FHIR
resources data format used in C3-Cloud

* pilot site dedicated local format mappers “ N
» Semantic mappings perform the transcoding between G ) s L -
coding systems used in local sites and the C3-Cloud Mapper | Mapper | Mapper < HgEP
components _ , I
. . Local implementations Offline
* Using the Health Terminology/Ontology Portal Loading
(HeTOP) service SIS Client Structural Mapper Ret'ie\:r ~
. . . . . . . Applications ) mappings
* Clinical concept mapping table is being maintained >emantics I
Consume requests Mapper
as the source of truth
¢ 218 common clinical concepts including conditions, e AT
active ingredients of medications, procedures, lab GET Queries and Replies
results, vital signs, immunizations and family T ey e TeAuests
member hIStory SIS Server Storage Server
* SNOMED-CT, LOINC and WHO ATC, and all the L ) L )

local codes (e.g., Spanish and Swedish versions
of ICD-10, local terminologies for laboratory
tests)

8 C3-CLOUD



C3-CLOUD INTEGRATED SYSTEM ARCHITECTURE
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CLINICAL DECISION SUPPORT (CDS) SERVICES

» Types of CDS Services in C3-Cloud:

* Clinical guideline based CDS services recommending o
personalized goals and recommendations to health - FH'_F:
professionals epository

* Type 2 Diabetes, Renal Failure, Heart Failure and
Depression (A total of 28 CDS Services)

Query by FHIR API T

Prefetch paremeters:

- Coordinated Care and

¢ A” based on NICE Clinical gUidelineS Wlth minor |Oca| e.g: conditions, medications, allergies,
deviations Cure Delivery Platform bp, smoking status, selected lab
s " , C3DP results
+ Guideline Definition Language 2 (GDL2) via the GDL2 -. JEER
Editor. ( www.gd|2.org ) T H
* Fully CDS Hooks compliant ( http://cds- i
hooks.org/ ) Cards: % CDS Services
* Reconciliation rules analysed for the 4 major diseases et RN & oo
: : : -Appointment (treatment followup U1 for DM patients
* Drug-drug interaction service remtment) 8

* Drug-disease interaction service

10 C3-CLOUD


http://www.gdl2.org/
http://cds-hooks.org/

C3-CLOUD INTEGRATED SYSTEM ARCHITECTURE
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6 onFHIR.io FHIR API

FHIR
Repository
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Local Identity Providers Local EHRs
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COORDINATED CARE AND CURE DELIVERY PLATFORM (C3DP)

» The Web application for collaborative and personalised
care plan management by the members of a
multidisciplinary team of care (MDT). Main functions:

* Review of medical summary

* Cross-check of all patient data that are needed as input by the
CDS services

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

* Manual entry from scratch
* Recommendations from the CDS services

* “Execution” of a care plan
* Updating the progress of goals and activities
* Re-execution of CDS services during planned and unplanned encounters
* Display of patient provided data
* Commenting on the care plan items

* Management of the care team

* Communication among care team members and with the patient
[ informal care giver

* Dashboard view

* Patient provided data screen
* Activity calendar

* Real-time system notifications

12 C3-CLOUD
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PATIENT EMPOWERMENT PLATFORM (PEP)

%C 3CLOUD

» The Web application providin e o s s e 1 o
access for a patient to the published
care plan and its associate
information

Careplan (5 ]

Activities Goals

Activities you should do to achieve your goals. Goals and targets set by your care team.

> Based on the Medixine Suite PHR

M ° B When: between 05/11/2018 and 06/12/2018
product of Medixine
erythromycin o ) o -
; C f . I o o B When: every 2 days from 20/09/2018 Avoid diabetic foot complications §2 Feedback
[ ]
t t i i i ili ¢ Feedback
O re u S e r u n C I O n a I I es ° Self-measurement of blood pressure Maintain & improve mobility (ke C
B2 When: every 1 day 1 time from 06/10/2018 to 06/12/2018 Keep blood pressure under control © reedback

* Care plan access o e st presmure
 Reminders to increase adherence S — > staus nroges

B start: 07/08/2018

* Actively collect data related to the care Submit phot or detary intake assssmens -
plan activities. e e s
* Safe messaging b et
* Access to relevant self-management
m ate rl al . Information materials assigned to you to help you understand your conditions

and increase your confidence to manage your health.

Info

Type 2 Diabetes

Dic‘i:etes. Foot Care and Foot Ulcers

| 4 C3-CLOUD




CARE TEAM — PATIENT COLLABORATION

c€3-cLouD

) HL7 FHIR® REST AP

# Home L My Patients B8 Activities & Inbox

Integrated care planfor hypertension, diabetes type Il and renal failure.
Meta

Health Concerns Addressed ~

Essential (primary) hypertension
set 1999-08- 13, Madarate
Non-insulin-dependent diabetes mellitus
Onset 2009-07-21, Maderate

Disorder of kidney and ureter, unspecified
©nsot 2009-07-21, Mild

Chronic renal failure, unspacified
Onset 2014-09-13, Severe

Care Barriers/Patient Status ~

Mini-mental state examination
Persanal beliet
Barthel index

& w7 iR
Care Plan Model

CavaTasm

) HL7 FHIR® REST API

Goals

Keep HbAte under 48 mmo/mol
Keep blood prassure undar control
Increase physical activity

Koep HbA e under 53 mmomol
Improve kidney function

Decraas protein consumption

Activities

Metformin twice a day
Measire biood pressure weekly

Measure blood glucose daily

Daily meal photo

Fillin lifestyle questionnaire.

Take a walk daity

Insuln tice a day

Encounter with nephrologist Dr. Anders Blom
Insulin three times a day

Virtual encounter with nutritianist Dr. tina Ei

Protein reduced diet

- Natae

Personalised Care Plan Management

C3DP (for professionals)

New/Updated Care Plan
New Updated Care Team

New Message

0

L

Patient Observation
-Food Photo
-Progress note

on activities

New Patient
Device
Observation

c® New Questionnaire
Response

Event Notification Integration

Home Careplan Tracking Questionnaires Coaching Guidance

Integrated care plan for hypertension, diabetes type Il and renal failure

A holistic care plan addressing three major health concerns of the elderly patient

Activities (@ [NeVSWIEVE Guidance  Settings

GOALS

Decrease protein consumption

Decrease protein consumption to support improvement of kidney function.

Update progress

Keep HbATc under 7% mmol/|

measurements.

e—

ere—

Relax HbA1c to 7% mmol/l due to renal failure of the patient. Evaluate progress with 3 monthly

Structural indemnity and normal physiological function of the skin and mucous membranes

Optimum maintenance of the feet in: temperature, sensitivity, hydration, pulses. Evaluate every 6 months.

@ http

SK | Sven Karlsson

Started on: 7/21/
Last
Next

17

GUIDANCE

Hypertension information

High blood pressure, or hypertension, rarely has
noticeable symptoms. But if untreated, it increases your
risk of serious problems such as heart attacks and

strokes.

Diabetes type 2
@t

Food aspect in diabetes

PEP (for patients / care givers)
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THANK YOU @®cacLoup

Any questions!
gokce(@srdc.com.tr
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