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Healthcare improvement through data:
Innovation In practice



Where we are
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Why 500 startups in digital health? Israel’s 4 I's

nformation ntegration: nnovation ncentives

technology care & data ecosystem alignment

Digital health nation: Israel's global big data innovation hub.
Balicer RD, Afek A.
Lancet. 2017 Jun 24;389(10088):2451-2453.

THE LANCET
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https://www.ncbi.nlm.nih.gov/pubmed/28495105

Clalit Health Services:

Israel’s integrated Sick Fund

»Established 1911

»53% market share - 4.2 million members

-Over-representing low SES, minorities, elderly

» All services under one ‘roof’

->1,500 community clinics Community
i AL e & o
-30% of Israel hospital beds - ’

- National leader in tele-care, tters . /

Dental Services
Shila Ltd.

Hospitals

e Clalit
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Data integration at Clalit (>50% of Israelis, 4.3M)

Hospital inpatient, ED and Community primary care clinic
discharge data data
o Administrative data (costs)
Laboratory data $ CLALIT 100}@ e
|

Allied health services data Pharmacy, medications

data

Diagnostic and imaging
data

Disease registries

Dental, complementary health
// services data

National Cancer registry

Linked to national
database

Linked to Ministry of
Health

Socio-demographic data

Decades of full life-span, ID-tagged, inpatient/outpatient, EMR+Claims data

lietellit Clalit
: - e.:. Research
.2li%a% 0 Institute







Translation: Closing the research-practice gap

Fa

$CLALlT 1 F %t yers

The Bast Fov Yowr Family

Clalit Health Services

Needs assessment Implementation

Clalit Research Institute

A B
...- -
E-X -3 - X 3
- » . 3
. . . .-
veoeos L I
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Data-driven tools Evaluation



Clalit Research Institute

»Interdisciplinary innovation incubator, since 2010
-Data scientists, Clinicians, epidemiologists...

»Mandate: Turn data to insights, insights to tools
-Real-life Effectiveness / Outcomes Research
- Advanced analytics and predictions
- Data-driven care models design

»Rapid Translation: research -> practice

JTie%eliit Clalit
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Health expenditure per capita as PPP$

9892
10000

38000

6000

4192

4000

2000

Israel United Kingdom United States
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Life expectancy at birth

Israel United Kingdom United States
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Transforming care through data

Proactive care: preventing
deterioration

T4 .4,

Precise Tx: Tx selection by personal
expected impact

lietellit Clalit
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.2li%a% 0 Institute

Improving test interpretation De-vesting futile interventions &
accuracy policies

»

r\ ‘
g f
S
Safeguards from error & missed Patient self-care decision

care opportunities support
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http://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRwwAA&url=http://bipb.com/technologies/artificial-intelligence/&ei=eK92VbDyE62R7AaB24HACg&psig=AFQjCNFfutD0Lyny_hRhomqgoMW9Bp0qUQ&ust=1433927928404217
http://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRwwAA&url=http://bipb.com/technologies/artificial-intelligence/&ei=eK92VbDyE62R7AaB24HACg&psig=AFQjCNFfutD0Lyny_hRhomqgoMW9Bp0qUQ&ust=1433927928404217

Predictive care: Preventing Renal Failure

5-year deterioration rates to RRT
among CKD stage 3 patients, Clalit

14% +

125

100-fold

RRT increased risk !

10%a

8%

6%

4%

2%

0609
0. 20%0
% _ eem . oao=
92_96% 80-92% 60-80% 30-60% 0-30%

Clalit Research Institute Risk Scores




Readmissions prevention

Predict Readmission -> Integrated action

Predicting 30-Day Readmissions With Preadmission
Electronic Health Record Data

Efrar Shadmi PRID® T Naralie Flaks-Manov, MPH 7 Moshe Hoshen, PRIDE Orvir Goldman, PRI
Haim Binterman, M, +1 and Ran . Balicer. MDY PhD#§

40%
35%
3096
25%

20%
15% -
1096 -
5% -
0% -
1 2 3 g 5

Clalit Pre-admission Risk Score - Stratum

30-day Readmission Rate

i3t Clalit
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Readimigsion Rate

Difterence in Readmission Rale

Outcome: 12% reduction

{a)

[{41]
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2010 011 20T 2013 2014




Are we providing futile care?

Medscape Multispecialty v
News & Perspective Drugs & Diseases CME &zducation HBTHESSing real-WOI'ld EVidenCE from EMRS

Journal Watch > Journal Watch (General)

Pneumococcal Polysaccharide Vaccine: Efficacy
Remains Controversial

Allan S. Brett, MD

Disclosures

IPD rate (per 100,000) and prevalence (%) of PPSV
vaccination in Clalit Members (65+ year old)

250 - - B80.0%
73.4%
- 70.0%
200 -
- B0.0%
) - S0.0% —
s 15.0 - =
=]
% 13.0 - aD0% g
-3 |
2 100 - £
Z - s00% <
——IPD Rate (Per 100,000) —
5.0 A Prevalence of PPSV2 3 vaccination (%5)
- 10.0%
0.0 . . ; 0.0%
2007 2008 2009 2010
Year

B
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Computerized RS
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2010 2011 2012 2013 2014 2015

ImageNet Error rates




Computerized RS

ImageNet Error rates

2010 2011 2012 2013 2014 2015


http://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRwwAA&url=http://bipb.com/technologies/artificial-intelligence/&ei=eK92VbDyE62R7AaB24HACg&psig=AFQjCNFfutD0Lyny_hRhomqgoMW9Bp0qUQ&ust=1433927928404217
http://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAwQjRwwAA&url=http://bipb.com/technologies/artificial-intelligence/&ei=eK92VbDyE62R7AaB24HACg&psig=AFQjCNFfutD0Lyny_hRhomqgoMW9Bp0qUQ&ust=1433927928404217

Innovation in practice

Implementation

Assesiment..::::. ‘\ Research g
N VY START-UP NATION

Policy & ; coplconi
New Care Models The Story of Israel’s Economic Miracle

Planning

P



Getting more out of available tests

YAHOO! |
FINANCE

Finance Home Originals Events Personal Finance Technology Markets Industries

Zebra Medical Vision And Clalit Health
Services Announce Algorithm That
Can Increase Osteoporosis Detection
By 50%

—— Business Wire November 23. 2016

OSTEOPOROSIS

(Photo: Zebra Med) Multimedia Gallery URL

SHEFAYIM, Israel--(BUSINESS WIRE)--

Zebra Medical Vision (https://www.zebra-med.com) and Clalit Health Services are
announcing the completion of a software algorithm which uses existing CT data to
identify candidates for bone density screening, allowing earlier identification of patients

lie%e it Clalit 7
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Precision medicine is not just omics

- Weight (| kg ~“|) | 77 ]

l Height (M ~|) [ 163 |

S Black Race

Smoking Status [ Former Smoker v]

} Systolic blood pressure (mmHg) g

Blood pressure lowering medications (number) E]

Cardio-vascular disease (clinical or subclinical) [ No v]

eGFR (mL/min/1.73 m?)

Total cholesterol ([ Mg/dL V]) [ 212 ]

‘ s High density cholesterol (HDL) ([ Mg/dL v ]) [ 5 ]
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Clinical Tool for Hypertension

Integration

I-PREDICT HTN Individualized Predictive Risk Evaluation & Decision
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..........

I-PREDICT HTN Individualized Predictive Risk Evaluation & Decision Integration Clinical Tool for Hypertension .00 :’65; - Clalit Research Institute

INTENSIVE VS. NON-INTENSIVE HYPERTENSION TREATMENT [i7%ela%::" Realpeople. Real data. Real change.

ENTER PATIENT'S DATA

Age Black Race Cardio-vascular disease (clinical or subclinical) [No V’ ‘

Sex ‘ Female V] Smoking Status | Former Smoker VI eGFR (mL/min/1.73 m?)

Weight (‘ Kg V’) ‘ 77 ’ Systoalic blood pressure (mmHg) Total cholesterol (‘ Mg/dL V]) ‘ 212 ’
Height (‘ M V’) ‘ 1.63 ’ Blood pressure lowering medications (number) [D High density cholesterol (HDL) (| Mg/dL v |) | 75 | CALCULATE RISK

* For a time period of 3 years
mm |nitial risk Individual Absolute risk reduction (iARR) m= Individual Absolute risk increase (iARI) iNNT/H: individual Number Needed to Treat/Harm



The NEW ENGLAND
JOURNAL of MEDICINE

HOME | ARTICLES & MULTIMEDIA ~ | ISSUES ~ | SPECIALTIES & TOPICS ~ | FOR AUTHORS ~ |

Learning What We Didn’t Know — The SPRINT Data Analysis
Challenge

Mancy S. Burns and Pamela W. Miller
April 26, 2017 | DOI: 10.1056/NEJMp1705323

ognized experts who represented
the three primary constiuencies
— clinical trialists, data analysts,
and patients. In addition to being
reviewed by one representative
from each constituency, all en-
tries were opened to the public

The team that won first place
was made up of physicians and
data analysts from the Clalit Re-
search Institute in Tel Aviv, Israel.
They developed a weighted risk—
benefit calculator for examining
the pluses and minuses of inten-
sively treating an individual patient

AL | - = = — b= =

Qualifying Round

Tt e®e - SPRINTing to the Finish.
T199-- -8 A total of 279 groups requested data from BioLINCC, 218 individuals and teams entered the qualifying round, 200 qualified, and

- . T eTT. 143 of the entries to the Challenge round were judged.
..... - .n- ni2uLuLs



Innovation? Tackle workflow engineering first

» Change guidelines
» Validate new guideline

» Assess workflow & impact

» Plan, address all scenarios
» Embed in EMRs / IT
¥ |10avo TO AVOID INJURY » Educate providers

| PONT TELL ME O
i DoLn'i\?".Fo"ém” » Support change

» Feedback loops

» Monitoring / trial?

"1ra%aiitt Clalit
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Practice: Clinician uptake
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Ideation is easy, Transformation is hard

» Before brining solutions, ascertain the problem

-Who’s problem? Who will likely view your solution as a problem?

« Was the problem not yet solved because of missing technology?

- Aim to start with “Quadruple Aim” win-wins

»Al is not a panacea

- The effectiveness shown is (still) quite limited to specific types of tasks
- Radiology and pathology will be disrupted first
- It may take more time than we think for other clinical domains

I =
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We have so much more to do, together

“It is not enough to do your best;
you must know what to do, and
then do your best.

W. Edwards Deming

Contact: rbalicer@clalit.org.il
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mailto:rbalicer@clalit.org.il

Our digital vision
for patients, staff and citizens

Dr Harpreet S Sood, Associate Chief Clinical Information Officer
NHS England

@hssood hsood@nhs.net



The NHS is facing both demand and supply side challenges

Demand for Supply of
NHS Services NHS Services




The future NHS

« Back national action on major health risks

@ ‘Health & wellbeing’gap  + Targeted prevention initiatives e.g. diabetes
* Much greater patient control

 Neither ‘one size fits all’, nor ‘thousand flowers’
A menu of care models for local areas to consider

® ‘Care & quality’ gap

« Implementation of these care models and other actions
could deliver significant efficiency gains

« An additional funding requirement for the next
government

® ‘Funding’ gap

"11:%e1:0 Clalit : mam—
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To help achieve
the objectives set
out In the NHS
Five Year Forward
View:

ietalitt Clalit
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Improve Increase Improve
health efficiency the patient
outcomes experience




. the challenge

 To respond to this new disease paradigm we need to change
our thinking...

« Shift of focus from traditional acute episodic disease models
 Engage & empower patients more effectively

 Embrace disease prevention

JTie%eliit Clalit
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The placemat

Better Health, Better Care, Lower Cost

Empower People Enable Clinicians Integrate the Health | Better Management Build the Future
and Care System Information
NHS.UK Global Digital Exemplars Regional Interoperability Single Source of Truth Life Sciences and
and Fast Followers Hubs Research Platform
Apps Library Digital Academy and Urgent and Emergency Frictionless Performance Genomics and Precision
Workforce Education Care Management Medicine
Developers’ Ecosystem GPSoC refresh Elective Care Population Health Machine Learning and Al
Dashboard
WiFi and Home Page Extended Summary Care Mental Health Analytics Capability Bioinformatics Institute
Record
NHS Online e-Prescribing Women and Children SUS for Transactions
Decision Support Chronic/Co-morbid
disease
Integrated Care Plans Social Care

Information Governance and Transparency
T
i




Opportunity

86% of adults in UK use the internet - only 2% report using it for
healthcare

NHS Choices — nearly 50 million visits a month
£4.2 billion to spend on technology

However need to be inclusive...




Opening up digital opportunities for clinicians

Information available Direct patients to
on the move online support

o= &
S

—
T e R —

Staff able to use Access information and

mobile d_evi;es as systems in real time
part of delivering care




Opening up digital opportunities for patients

Access personal
health records

Links to Manage
health apps conditions online
I > N VRS /®
N ~~ 7
Access to Keep in touch
health based G with family and work

information services while receiving care



Global Digital Exemplars

23 ‘Global Digital Exemplar (GDESs)’ sites:

e Acute care
 Mental health
« Community health

*18 Fast Followers — learn from GDEs




The Digital Academy

 Imperial College London, University of Edinburgh & Harvard
Medical School

« Specialist IT training & development suppqrdrieminiessionalise

e Chief Clinical Information Officers & « 12 month course
Chief Information Officers

 Aspirant digital leaders

* Training and developing 300 digital leaders

"1e%eiiit Clalit
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NHS Online: Our digital vision for patients

We need a single point of entry that will provide the same digital experience for
patients no matter which device or service they enter the system from

Consult your GP 24 hours a day ¢ —_

o gat Salp from your 552 aevtar your probioes hadow

O SOS 0mnkiote hain. sch 36 ok notes 00T ks

De it online

Website entry points App on tablet App on mobile
~ NHS.UK/111 Online / Practice _ In ED/UCC (kiosk) In ED/UCC (wi-fi splash
EHI website or from home page) or from home

.......



Pressure to The digitisation of
deliver high-value the healthcare

telie system

The Dominant Issue Prediction: Dominant
Today Issue in 2026




Some take home messages

1. Be clear on values and purpose - digitisation Is not to digitise
- Improve quality/safety/efficiency/patient experience




Will patient experience be impacted?

©:27:° Research
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This Is all about patient safety and outcomes
...not technology!
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EUZLOT7.EE

Estonian Presidency
of the Council of the
European Union



Digital innovations as drivers for health and
health care transformation — a view from a

digital society

,Health & Tech for People — DIGITAL DISRUPTION“ | Paris, France
13.12.2017

Ain Aaviksoo, MD MPH

Deputy Secretary General for E-services and Innovation (CIIO)



Estonia is a digital society

>
1—

« 99% state services are online
« digital signature saves 5 days a year
» 100% providers are digital

 100% of citizens have nationwide
digital health record

* 99% of prescriptions are digital

T A T v T
3
@
@
wn

A stack of paper saved each month



Journey of eHealth services in Estonia

» Collecting health service
reimbursement invoices

~1995 .
» Health status summary for medical » Health insurance
commission of Minstry of Defence 'a' i information
2017 ~2000

> Digital picture
g archiving services

\ 2005

«, > EHRservices for

» Services for dental ¢~ L
care (2015) \o i physician and
patients - 2008
» eAmbulance ¢ ' &
services (2015) \o \o » Digital registration
services - 2008
> Medical certificate \(‘

» Drug interaction & adverse
reaction CDSS (2016)

services (2014) > ePrescription

_ .. Services - 2010
> Statistics \" \‘_/ G v

services (2013) G G > Hea.lth status summary for
> Cross-border > eConsultation Social Insurance Board
Patient Summary services 2012

(epSOS 2013) 501>



Secure exchange of health data — cornerstone of
. Estonian digital health architecture
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~Access and control of health data
becomes crucial

Fundamental principle:
Health data belongs to the person (‘data subject’)

. Access to my data
. Control of my data use

. Delegation of my access and control rights

A W NN

. Individual monitoring of requests for my data



Authentication & Authorisation

* Who are you? What can you do?
(read, write, delete etc)

* Dynamic in space & time

» Constant anywhere & (same individual can have
anytime multiple roles)
» Solution = Unique ID * Solution = classification or
(plus robust technology: role§ by profession, facility,
service etc

|ID-card, mobile-1D)
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800 000

600 000

400 000

200000

U ——

80% of electronic
prescribing achieved
ePrescriptions within 9 months
ordered
N
E-Prescription in Estonia:
ePresCriptions Any doctor can prescribe to
/ dispensed any patient, who can
buy the medicine in any pharmacy
\ y,
]an/lOl II\fIa.r/lUI IMay/l(ll I]ul/lO | ISept/l(; INov/lOI I]an/l 1I IIVIa:r/l 1I IMaly/l 1I I]ul/l 1 |

Digital Health Future (Aaviksoo)
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Most of Europeans want to and can use
digital health services if offered

e ———————— e —

———

-
7

76% Europeans have
access to fast internet

{/ . . \
- 52% European citizens
- want access

~ to their health data

—_———————— e e~

g S N S

(of which 70% are
using it every day or almost
. every day)

N ————————— e

fl 70% ARE willing to share
" their data with others (incl
i 63% with their doctor)

- 23% ARE NOT willing to
{\\\share their health data

~—_N —_————— e —

- 79% are using internet

e
\\________________________’/

7
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Customisation / Improved
personalisation | quality

Data-driven \ i
discovery —> ew solutions
. Improved
[ Prediction }QL coordination }

INCREASED
EFFECTIVENESS

INCREASED
EFFICIENCY

Active patient \participation }

{ Location-free care provision }

-
-
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DATA PROTECTION

JUSTICE

European
Commission

European Commission »> Justice » Data protection > reform

— ALL TOPICS

Reform of the data protection
legal framework

/ The new Regulation will also guaranteh

free and easy access to your personal
data, making it easier for you to see
what personal information is held
about you by companies and public
authorities, and make it easier for

you to transfer your personal data
between service providers - the so-

Building a European Area of Justice

Search

Reform of EU data protection rules

=

Privacy means that
personal data

should be used
securely,

but not to be secured

\called principle of ‘data portability’. : : from beiﬂg used

~

/
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ealth & social service
encounters:
(health, treatment & care

data, molecular data,
seguencing/genotyping
ohter individual data)

Individualized
BEENQ data in Health
Information
System

Care decision

— support
algorithms &

engine

~_

\
>~

knowledge flow
Anonymized
: data warehouse
PseUdonyml' (500 000

. q
zation

~_

persons)
for R&D
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Public support to Estonian Genome Foundation
rises over time

____________________________________________________________________________________________

= =|n favor of the idea of EGCUT ——Need more information )
——Cannot comment ~«~=Never heard of EGCUT ‘704’
°°°°° Wait-and-see-attitude ——Against it ," SN

\
¢ O7% N 61%

June, Sept, Feb, March, March, Sept, Dec, May, Apr, July, June, April, July, Sept, Apr.
2001 2002 2002 2003 2004 2004 2005 2007 2008 2009 2010 2011 2013 2014 2017
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further inquiries: ain.aaviksoo@sm.ee | @aaviksoo
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