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ldeal
healthcare

&

Patient-centric

An engaged and empowered
patient will be in the center as
providers and the patient herself
strive to improve their health and
when needed, care.

%

Synchronised

Care will be provided to
patients in a synchronised,
coordinated way to
maximise safety and
outcomes

S

Data-driven

Providers, patients, researchers
and policy makers will have
access to data, knowledge and
tools providing better care by
making informed decisions

g

Universally accessible

Knowledge, best practices
and procedures will be
available to all
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Death by a Thousand Clicks:

Where Electronic Health
Records Went Wrong

The U.S. government claimed that turning American medical charts into electronic records would
make health care better, safer, and cheaper. Ten years and $36 billion later, the system is an unholy
mess: Inside a digital revolution gone wrong. A joint investigation by Fortune and Kaiser Health
News.
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Current Systems

 Lack of interoperability between
vendors, technologies, applications

* Difficult implementation, high cost

 Out-dated interfaces, bad design,
missing functionality, time consuming

* Quality of data, errors, data
difficult to find

 Lack of mobility, support for devices
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Example: ERP

Gartner MONOLITHIC SYSTEMS DESIGNED
FOR NEEDS OF THE PAST

"Traditional monolithic ERP solutions
using a closed business architecture

were designed to support the process
iImprovement needs of the past
(such as transactional efficiency
and data integrity).”

- Gartner, 2015



openEHR

Example: ERP

Gartner MONOLITHIC SYSTEMS CAN'T
COPE WITH NEW DEMANDS

They cannot enable the open and
agile needs of business to succeed in a
digital economy that demands new

products and services and the ability

to respond to new business
moments.”

- Gartner, 2015

£



openEHR ERP Evolution: Best-of-Breed

PRE-1997
BEST-OF-BREED

COLLECTIONS/
AR
" (cusTom)
Order
Management
Manufacturing
(Mainframe)
HR PAYROLL

—
(Package) (OUTSOURCED)

NO CORE ERP
MULTI-VENDOR
FUNCTION-ORIENTED

Gartner
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PRE-1997

BEST-OF-BREED

COLLECTIONS/
AR

/ (CUSTOM)

Order
Management
Manufacturing
(Mainframe)

HR PAYROLL
(Package) —  (OUTSOURCED)

NO CORE ERP
MULTI-VENDOR
FUNCTION-ORIENTED

ERP Evolution: Modern

1998-2014

MODERN ERP

ERP SUITE

CORE ERP
SINGLE VENDOR
DATA-ORIENTED

Gartner
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PRE-1997

BEST-OF-BREED

COLLECTIONS/
AR

/ (CUSTOM)

Order
Management
Manufacturing
(Mainframe)

HR PAYROLL
(Package) —  (OUTSOURCED)

NO CORE ERP
MULTI-VENDOR
FUNCTION-ORIENTED

1998-2014

MODERN ERP

ERP SUITE

CORE ERP
SINGLE VENDOR
DATA-ORIENTED

ERP Evolution: Postmodern

2015-
POSTMODERN ERP

CORE ERP
Payroll
(Outsourced)
CRM
Collections
CORE ERP

MULTI-VENDOR
PROCESS-ORIENTED

E-Recruit

Talent
Management

Gartner



EHR Bi-Modal IT

Mode 1 Mode 2
SThmk | Reliability Goal Agility
amdural
Price for performance Value Revenue, brand,

customer experience

Iterative, low-ceremony,
Approach nonlinear, Lean Startup,
Kanban, agile AD

Empirical, continuous,
implicit in the approach

Linear, waterfall, high-
ceremony |ID* & agile AD

Plan-driven,

approval-based Governance

Enterprise suppliers, Small, new vendors,

long-term deals Sourcing short-term deals
Good at conventional Talent Good at new approaches
process & projects & dealing with uncertainty
IT-centric, arms-length Culture Business-centric,

from customer close to customer

Long (months) Cycle times Short (days, weeks)

Gartner



openEHR Bi-Modal IT

Shifting Resources Toward Innovation

2017 Budget 2020 Budget

A‘—

1% Sysiems of Innovation 15%7?

9% 39%7?
. Current
90% Systems of\R€ 90%7?
ID: 327361 © 2018 Gartner, Inc.

Gartner
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openEHR Postmodern EHR

ECOSYSTEM /7 APPSTORE

-.‘ -
. . . .
. . .

:

i@,—fw :

I PHARMACY ,
|THEATER

i

T

B0

x LY
s :,'.1.;:-1' )
5 i

& |
A -
i = ol "

|HE / HIE



openEHR

ECOSYSTEM / APPSTORE

5 = =

-

RS CORE

LAB " PHARMACY

ECOSYSTEM / APPSTORE

ECOSYSTEM / APPSTORE

(RS

LAB

ECOSYSTEM / APPSTORE

]

CORE

" PHARMACY

THEATER




openEHR

> Yore] ®
" oo

Postmodern

Uses
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 Multi-vendor components
* New deployment models (hybrid, cloud)

* New technology (Mobile, Big Data, loT,
In-Memory, Process, Rules, Al)

OjO1@] ‘|k .S 5O D

Enabling

* |[mproved usability and user adoption
o Agility and flexibility (less lock-in) J 4
 Cost effectiveness, differentiation

and innovation
e Standardising data solves interoperability!
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Health data




. better Each application stores data differently

Hospital app

Substance

Atenolol

Medication Product name and strength

Atenolol 100mg tabs

Dose and timing text

1 tab in the morning

Patient app

Medicine name

Atenolol 100mg tabs

J

1tab

Frequency

at Bam



EHR Health Data

Past: vendor dependent, proprietary data

Application A Application B Application C
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Past: vendor dependent, proprietary data

Application A Application B Application C

Data migration

Conversion Conversion

@ every 7-10 yrs @ every 7-10 yrs @
>

/\ Data lost /\ Datalost




EHR Health Data

Present : solved for images and documents

|

S

IMAGES DOCUMENTS
PACS HL7 /CDA / pdf




EHR Health Data

Present : solved for images and documents

|

S

IMAGES DOCUMENTS
PACS HL7 /CDA / pdf




EHR Health Data

Future: vendor independent, open data

Application A Application B

S S

IMAGES DOCUMENTS STRUCTURED
PACS HL7 /CDA / pdf DATA

EHR



Master
Patient
Index

Terminology

Open Architecture

Provider
Registries

Structured
Data

IHE openEHR

Clinical Data Repositories

Data

Warehouse




Open Architecture

Service Bus

o

Master Provider

Patient Registries ST T Data

Data

Index Terminology Warehouse

IHE openEHR

Clinical Data Repositories



Clinician
Portal

Master
Patient
Index

IHE

Clinical Applications/

Open Architecture

Services Multi-Vendor

Terminology

Decision

Support

Device
Connect-

ivity

Health Information Access Layer

Connectivity & Transformation & Routing

Provider
Registries

IHE

Process & Orchestration
Management & Monitoring
Security & Privacy

o

X\ p—

Multi-Vendor

Patient Facing Applications

IHE

IHE

Data

Warehouse




openEHR Gartner on open architecture

Gartner believes that truly effective and sustainable open architectures
will need a capability for vendor-neutral data persistence, such as utilizing
a common schema or set of archetypes and rules for managing structured
and unstructured data (for example, a VNA, openEHR or [HE XDS

repository). Providing open messaging standards (for example, FHIR, HL7)
for data exchange in specific use cases will only go so far in meeting the
architectural challenges of digital citizen-centric care delivery.

— Gartner Group

Healthcare Provider ClOs Need to Rally Their Enterprise Architects Around Citizen-Centric Care Delivery, 07 February 2017

34
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openEHR

An open, domain-driven platform for
developing flexible e-health systems

Separation of content and technology
Computable data & terminologies

Two-level modelling
- Archetypes - maximal data set

- Templates - data set for use case
Querying
Multi-lingual

Data Conclusion

Clinical openEHR

Models Platform

Commit

\ 4

Query

Health
Information



openEHR Content / Technology

HC Professional Software vendor
Domain knowledge Technical knowledge

Domain Software

modellers developers

Modelling Modelling Modelling App Dev App Dev App Dev
Tool Tool Tool Tool Tool Tool

Model Tool Platform App Development Framework
Archetypes _
Templates Programming Deploy
Ref-sets artefacts

Health Care & MGT Services

\4

Governance Tools

Health Data Services

>
Operational HeaItPhI (i?mputlng
templates atform




openEHR The Clinical Process
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EHR Archetypes: Universal

Q systolic E
Q Diastolic [E

=T Data / Q Mean Arterial Pressure E
Position &

/ N\ Q Pulse Pressure B
E T Confounding factors
/ T Comment [5

= §@) Exertion \\ [State o /
= ~ T Cuffsize [
S T Sleep status  / (Blood Pressure ) : =)
| R 't Location Ep
EQ Tilt 71 \ e -

/ \
v

T Method =

Events \ T Mean Arterial Pressure Formula [

H 24 hour average > 4 \
= 2 : \ \ T Diastolic endpoint [§

24 hour average \ .
nterva | ) Device [E

L
[% ? any event / ﬁ,ﬁ Protocol ¥

/.
S

1
P_‘
|

Estimate of the average blood pressure over a 24 hour period.

Math. function: Mean
Interval width: 24 hours




openEHR Archetypes: Brick Specifications

Elementary instructions/designs to create meaningful structures
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Templates: Use Case Specific

Customize the data model for the form, report or message

GP Visit

BLOOD PRESSURE

120/80

BODY WEIGHT
77 kg

BODY HEIGHT
188 cm

VACCINATION

Diphtheria, tetanus
Batch No.: 12345
Vaccinated: 12. 5 1999

Template “GP Visit”

Archetypes

Blood

Pressure

Cardiologist Encounter

BLOOD PRESSURE

»120/80

PULSE PRESSURE
»40 mmHg

CUFF SIZE
» Large Cuff Size

LOCATION
» Upper arm

BODY WEIGHT

» 77 kg

BODY HEIGHT
»>188 cm

Vaccinations

Template “Cardiologist Encounter”




openEHR Knowledge Production Environment

Standard Orgs

Professional Bodies

Terminology

Archetypes

Collaborative
knowledge repository

Tools

Build archetypes &
terminology that define
their information
E.G. Viaihtsdo

Governments
MoHs

Templates

Build templates and issue
as standards,
eg. Discharge summary

Templates

Tools

Y

Consume standard
templates and create
their own, making OPTs

Vendors
Integrators

N

¥

Physicians +

Patients
USE SOLUTIONS

/

\ XSD

> Services

DEVELOPERS

Build solutions
Based on the platform

Execution platform

& &

PROVIDERS

Buy solutions



openEHR Today’s Applications

Programmer Control

No Visibility PATHS OF DECISION
EXECUTION POINTS

Limited Agility

Int | Control

Structure DATA

DEFINITIONS

The Internals
of an Application
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Programmer Control
No Visibility
Limited Agility

Internal Control
Structure

Next-Gen Applications

PATHS OF DECISION
EXECUTION POINTS

DATA
DEFINITIONS

The Internals
of an Application

CONTROL STRUCTURES
AND CONTEXT FLOW

RULE ENGINES

EXPLICIT PROCESS
ENGINES

XML AND DATABASES

Turning the Application
Inside Out
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Programmer Control
No Visibility
Limited Agility

Internal Control
Structure

Next-Gen Applications

PATHS OF DECISION
EXECUTION POINTS

DATA
DEFINITIONS

The Internals
of an Application

CONTROL STRUCTURES
AND CONTEXT FLOW

RULE ENGINES

EXPLICIT PROCESS
ENGINES

XML AND DATABASES

Turning the Application
Inside Out

openEHR
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Programmer Control
No Visibility
Limited Agility

Internal Control
Structure

Next-Gen Applications

PATHS OF DECISION
EXECUTION POINTS

DATA
DEFINITIONS

The Internals
of an Application

CONTROL STRUCTURES
AND CONTEXT FLOW

EXPLICIT PROCESS
ENGINES

XML AND DATABASES

Turning the Application
Inside Out

B openEHR

g openEHR



Newborn
infant

Assess for
jaundice every
8-12 hours

Is jaundice

present ?

Is age < 24 hours or
does jaundice by visual
assessment or TcB
appear severe enough
to require TSB or TcB?

*Yes

Measure TSB or
TcB and
interpret by age
in hours

Has TcB or
TSB been
measured?

Today

Yes

Is newborn
ready for
discharge?

No

13

Is TSB >95th
percentile
(See Figure 2)

Evaluate TSB level,
gestational age & hours
of life. Treat if criteria for

treatment met
(See Figures 3,4)

18

1. Evaluate cause.
2. Treat if criteria
for treatment met
(See Figures 3, 4).
3. Repeat TSB
1in 4 - 24 hours

"'>l Go to Box 17J

Yes

15 16

Any repeat
TSB drawn?

Is TSB level

increasing across
percentile line?
(See Figure 2)

* Yes
Goto Box 18 J

No

I

Any risk factors or
infant <72 hours
old?

Yes

No

Follow up by 48-120 hours of age,
exact timing depends upon age in

hours (see recommendation 6.1.2) and

presence of risk factors (see Table 2)

Is follow-up
assured?

[ Go to Box 5 J

Goto Box 15 ]

11

Discharge with
planned
follow-up*

Discharge and
follow-up at
physician
discretion*

Measure TSB or TcB if

not already done, assure

plan for follow-up and/or

management* according
to bilirubin level

10

*Provide information and written guidelines about jaundice to parents of all

newb

orns at discharge.
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uality created

oftWare
semantlc

international

EYHE\

tem late
systems

mformatlon
'*'SUPPO

g Echmc ans 3 appli cat
RN . E‘:‘

used o
mtm operability

=t Austraky
splementation HL7 2 T

yplications

3 5 2 in

Semantic coherence in the application stack
(all layers of software know what the data
mean)

A high level of re-use of artefacts A single,
stable reference model for sharing clinical and
related information

A standardised query language tor writing
portable queries

A standardisedq, re-usable way of connecting
to terminology

Next: Vendor-neutral clinical workflow
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Use Cases
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® SWitching technical

4 L Iramework | PENEHR since 2018 DY Academy of

M”lld(y SClences | /

® Collecting data ¢ , and provide
EHR data servi

dical servicee
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CDR for governments
and eHealth programs

.

CDR for research
and clinical decisions
support

(>

Health data platform
for EHR, applications,
apps and CDS

&

ecosystems
of healthcare apps
and services

Framework
for clinical registries




(>

Health data platform

CDR for governments for EHR, applications,

and eHealth programs apps and CDS
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MOSCOW CITY

ARAAN b s

City-wide
Electronic Health éh @ A
Record e Wil —

Clinical and analytical
infrastructure providing a
centralised, vendor-neutral EHR

iGEELE,
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MOSCOW CITY
City-wide
Electronic Health
Record

Clinical and analytical
infrastructure providing a
centralised, vendor-neutral

EHR

Scope

- 428 policlinic institutions

- /6 healthcare centres

- 12 million patients

- 161 millions visits/year

+ 130.000 system users

- 45.000 physicians

- 1B documents, 25 TB of data

Challenges

- Complex environment
- Multi-vendor software

development

- Vendor lock-in and risk
- Lack of interoperability

Solutions

- ThinklEHR PlatformTM as

clinical data repository

- Platform APIs for all

development

- openEHR and IHE XDS
- I[HE XDS for electronic

document sharing

Benefits

- Common data platform for all

applications

- All clinical data in an open,

structured format

- Technology and vendor neutral,

less lock-in

- Powerful querying and analytics
- Deployed in a private cloud
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FHR HIMSS Analytics 56
EMRAM

CHILDREN'’S
HOSPITAL
University Medical
Center, Ljubljana,
Slovenia

Think!Clinical -

Electronic Health Record
solution to manage clinical
processes and data

,,,,,,,,,,,,,,,,
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OPENeP

* Medication Reconciliation and Summary
* |npatient and outpatient ePrescribing

* Medication Administration

e Clinical pharmacist review

* Medication Adherence

* Analytics




AYALA HEALTH

Philippines Primary
Care Provider

2 )= J= 7 .
o A

-

Centralised and structured vendor-

neutral data repository for primary
care EHR - 150 clinics
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CDR for governments
and eHealth programs

.

CDR for research
and clinical decisions
support

(>

Health data platform
for EHR, applications,
apps and CDS

&

ecosystems
of healthcare apps
and services

Framework
for clinical registries




O

Health data platform
for EHR, applications,
apps and CDS

CDR for governments
and eHealth programs
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UNA - NATIONWIDE
PROGRAM TO REFORM
SOCIAL AND HEALTH

CAREICT ECOSYSTEM

& Ly ¢
T wa N

Centralised and structured
vendor-neutral data repository to
enable implementation of modular

ecosystem =



OPEN PLATFORM
BASED PERSON
HELD RECORD

Leeds City Councill, 5o
Leeds, UK -

PE==== g

—— ] 5l | R

o W

Open platform based PHR




DIGITALISATION
PLATFORM
Region Ostergotlands
Sweden

Digital platform to develop
Innovative apps and services
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OPEN PLATFORM
BASED HEALTH
RECORD

Sardinia, Italy

@peco
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NASJONAL IKT
Norway

National level standardisation
of clinical iInformation:
modelling and data
governance
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NASJONAL IKT * Clinical usein DIPS Arena
Norway e DIPS Argna EHR currently replacing legacy
system in 3 of 4 regions
National level standardisation * 4th region currently in procurement
of clinical information:  Several GP system vendors are
modelling and data implementing openkEHR
governance * Clinical registries are looking at harmonising

iInformation models
e 600 clinicians and health informaticians
* all published on arketyper.no
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openEHR GENOMICS ENGLAND
100,000 Genomes Project

Centralised and structured vendor-neutral Phenotype data repository
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HiGHmed - PLATFORM
FOR INTEGRATING
DATA FOR RESEARCH
Germany

generic and scalable platform
architecture for integrating data from
care, research, and external sources
to facilitate the development of new
solutions for medical data analytics
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EHR Highmed Platform

* Open Service Models: all specifications of the APIs are openly accessible
to everybody. Specifications include data security and privacy, electronic

health record management, and database queries.

* Open Information Models: All clinical models (e.g. lab valu
defined based on established open standards. Data based

es) are well
on these

models can be reliably processed and computed in local a
environments.

nd distributed

* Open System Specifications: All system components and protocols are
openly specified using licenses tfeasible for commercial and non-
commercial use. l.e., every component in the system can be replaced by
software from multiple vendors or by an open source project.

HiGHmMeo

Medical Informatics

Integrating
the Healthcare
Enterprise

h HL7" FHIR’

SNOMEDCT

The global
language of
healthcare

GEFORDERT VOM
Bundesministerium

flrBildung
und Forschung




openEHR HiGHmed Platform an

Medical Informatics

Clinical Applications/ Patient Facing Applications Cross Enterprise Apps

Services Multi-Vendor Multi-Vendor Multi-Vendor Integrating
the Healthcare
Enterprise

Clinical

Clinician Analytics

Decision

Portal Support

Apps

openEHR

Health Information Access Layer (IHE, openEHR REST, AQL, FHIR)
Connectivity & Transformation & Routing IHE

h HL7' FHIR

Process & Orchestration

Management & Monitoring

Security & Privacy IHE SNOMEDCT

The global
language of
healthcare

— 000 GEFORDERT VOM

Master _ Provider Patient
Patient Terminology Registries Consent
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Care

XCA Gateway

APPLICATIONS

API Layer

Platform Layer

HiGHmed Platform

Master Patient Index Document Registry Audit Repository

openEHR / IHE XDS Data Repository

operEHR IHE

NORMALIZATION LAYER

IntegrationLayer

: Microsoft* InterSystems

2 SQLServer ENSEMBI_E

Integration Services

Legacy Clinical Systems

Local Infrastructure & Data Sources

Transactional
Dah L
Registries § Biobank -

HANNOVER MEDICAL SCHOOL

De-ldentification

+ Mirror

De-ldentification
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HiGHmed Partner

Medic - Hannover (MHH)

Research
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XCA Gateway
3
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: HiGHmed Platform
InterSystems
u HealthShare

_ Master Patient Index Document Registry Audit Repository
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800+ bed acute GDE

oy 4
- .

1
8
1
;

sl ¥~

SReYrmam

e -== B : II:}:*
App Ecosystem Platform mn EH Ha
. . HEE]D I
to develop innovative apps and ITT I -

services

- - . 'L‘ >

L LRI S




PLYMOUTH
HOSPITALS NHS

1,000+ bed acute trust SR EEEE

OPENeP - An Open Standards Approach
to an Integrated Digital Care Record
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Summary

 Healthcare Is changing and today’s monolithic
applications can't cope

* ERP went from B-0-B to Megasuite to Postmodern

e The same will happen with healthcare applications

 [he lifecycle of applications and data is different, so
we need to separate data from applications

 [he future is multi-vendor so vendor-neutral health
data is a key asset

 openEHR provides a proven platform to build new
iInnovative applications
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Thank You!

Tomaz Gornik
tomaz.gornik@openehr.org
@tomazgornik
www.openehr.org



