EMB — Berlin - 2019

Digital Health Care in Cardiology: patients, biosensors, clinical care

© Gerhard Hindricks,
@ Heart Center Leipzig and Leipzig Heart Institute

U Helios



Presenter Disclosure Information

Gerhard Hindricks/Department of Electrophysiology has received
scientific grants and research & development grants through the
University Leipzig / Heart Center from Abbott, Biotronik, Boston Scientific,
Volkswagen Foundation, German Innovation Fond, and the

European Commission.

No personal relations to disclose.

Support European Values



e-health and m-health is disruptive
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Development of the wearable market
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Application of wearables: the Apple Heart Study

Rationale and design of a large-scale, app-
based study to identify cardiac arrhythmias
using a smartwatch: The Apple Heart Study

Mintu P. Turakhia, MD, MAS,*" Manisha Desai, PhD, © Haley Hedlin, PhD,“ Amol Rajmane, MD, MBA, *

Nisha Talati, MBA, ¢ Todd Ferris, MD, MS, © Sumbul Desai, MD, ' Divya Nag ' Mithun Patel, MD, ' Peter Kowey, MD, #
John S. Rumsfeld, MD, PhD," Andrea M. Russo, MD,’ Mellanie True Hills, BS,’ Christopher B. Granger, MD, *
Kenneth W. Mahaffey, MD, 4 and Marco V. Perez, MD' Stanford, Palo Alto, Cupertino, CA; Philadelpbia PA; Denver
Colorado; Camden NJ; Decatur TX; Durbam NC

Check for
updates

Background Smartwatch and fitness band wearable consumer electronics can passively measure pulse rate from the
wrist using photoplethysmography (PPG). Identification of pulse irregularity or variability from these data has the potential to
identify atrial fibrillation or atrial flutter (AF, collectively). The rapidly expanding consumer base of these devices allows for
detection of undiagnosed AF at scale.

Methods The Apple Heart Study is a prospective, single arm pragmatic study that has enrolled 419,093 participants
(NCT03335800). The primary objective is to measure the proportion of participants with an irregular pulse detected by the
Apple Watch (Apple Inc, Cupertino, CA) with AF on subsequent ambulatory ECG patch monitoring. The secondary objectives
are to: 1) characterize the concordance of pulse irregularity notification episodes from the Apple Watch with simultaneously
recorded ambulatory ECGs; 2) estimate the rate of initial contact with a health care provider within 3 months after notification
of pulse irregularity. The study is conducted virtually, with screening, consent and data collection performed electronically from
within an accompanying smartphone app. Study visits are performed by telehealth study physicians via video chat through the
app, and ambulatory ECG patches are mailed to the participants.
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Application of wearables: the Apple Heart Study

Download from the App > Onboarding and Enroliment > Normal Tachograms >

Multiple iregular Tachograms trigger an Irregular
Heart Rhythm Notification
' UL AR Y T

® rosseus s

v

Heart Center Leipzig Turakhia M et al.; Am Heart J 2019 fj Helios



Application of wearables: the Apple Heart Study

First video visit with Study Doctor

¢ Second video visit with Study Doctor _— . AF/other arrhythmia on ePatch report
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Application of wearables: the Apple Heart Study
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Application of wearables: the Apple Heart Study

Primary
1. Atrial fibrillation or atrial flutter of greater than 30 seconds duration detected on subsequent ambulatory ECG monitoring for a participant who received

an irregular pulse watch notification.
2. Simultaneous ambulatory ECG monitoring indicating an irregular rhythm consistent with atrial fibrillation or atrial flutter during time intervals when the

spot tachogram is positive for an irregular pulse among those who received a notification.

Secondary
1. Simultaneous ambulatory ECG monitoring indicating an irregular rhythm consistent with atrial fibrillation or atrial flutter when the Irregular Pulse

Notification Algorithm based on multiple tachograms is positive for an irregular pulse among those who received a notification
2. Self-reported contact with a health care provider within 3 months following an irregular pulse watch notification
Tertiary
1. Other arrhythmias detected on cardiac patch monitoring.
2. Different durations of atrial fibrillation (6 minutes, 1 hour, 6 hours, 24 hours)
3. Clinical Diagnosis of atrial fibrillation or atrial flutter
4. Therapies for atrial fibrillation or atrial flutter (anticoagulation, antiarrhythmics, rate-controlling meds)
5. Cardioversion by a health care provider.
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The next step: injectables
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The next step: contactless acquisition of biosignals
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The next step: contactless acquisition of biosignals
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Huge ammounts of life style and health
data will be generated

Wearable Systems Architecture

Mid Architecture High-end Architecture

Embedded OS
Higher
Performance
Always Apps Always E: Display ii Video E Apps. Always GPU Display Video
21 CPU On {7 fProcessorfProcessorl [ CPUL  On Eroreseor, (Febsemon
Irterconnect Interconnect Interconnect
FLASH  ROM  SRAM FLASH ~ ROM  SRAM ROM  SRAM DMC

----------

..........

O
Heart Center Leipzig O Helios



Digitalized Solutions for

Patients

Incoming patient data
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Patient with
heart failure

Goals:
* Best practice of patient care

e Establish HF center

* Reduce inefficiency, e.g. be reduction of redundant diagnostics,
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Digital health care: development of SOPs
ased on clinical trial outcome data
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Digitization of clinical pathway (SOP)

e Automation and Integration of the complete cardiac care data into

N
T network platform
| e Clinical events triggered SOP within the network

inSuiteCardio

Value Based Health Care Solution

Standard Operation Procedures:

Outcome relevant events

¥

automatic process chain

¥

Tasks and responsibilities

¥

automatic documentation

With the solution ,,inSuite_IN-TIME SOP“ the standard operation
procedures (SOP) of the IN-TIME study can effectively and
efficiently be used in clinical practice especially in collaboration

with different sites and referring physicians:
Outcome relevant events

* activate an automatic process

e assign tasks and responsibilities and

e are automatically documented

The most effective and efficient way of Home Monitoring.
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Hybrid cloud

* Services data store automac Updates

* Steering the secured data exchange

common clinical
pathway

* Hosting via ISO- certifizied storage center located in

Germany

@
Heart Center Leipzig

documents
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Cloud
Hausarzt
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n e Private cloud
Private * patient data are in the old relation patient
Cloud

and physician of trust secured in the local
InSuite Cardio Server

Server
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Summary network platform InSuite

Deutsche Stiftung :

Telemedicine Monitor Center fir chronisch Kranke

Telemedicine

Event Data
% - Events

N - Diagnostic findings
- Forms
- Tasks

Programmer Data /m\- Appointments

- Medlcal video conferencing
- Online Therapy
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Partner
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Monitoring and Care Management based
on SOPs

Patient

Heart Center Leipzig 0 Helios



Remote patient management

Haben Sie schon
einen Termin?

Mit Ihrer Termin-TAN gelangen
Sie in 15 Sekunden online zu
lhrem Arzt ins Virtuelle
Wartezimmer.

Login mit TAN-Termin

Videosprechstunde
‘Online zum Arzt gehen

®
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Technical Details: Medical sectors overlapping Networking on latest
technology

= Modular networking software

= Modern web based application for PC, Mac, tablet
and smartphone

= No software installation required

= Highly secured local data storage

1 Dicbetiker

= Automatic updates

= Standardized interfaces

* GDT - software for medical practices

e HL7 — hospital information systems

= |ntegration of medical devices via DICOM, xDT, HL7, Serial, P P R e e
USB, etc. T T
Patient Record
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Big data: Helios digital data management program

smart Helios helios.hub
Digitale Konnektivitat von Innovationen fur Patienten durch
Patienten und Angehérigen Kooperationen mit Startups
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- Digital FU Car d.oSequrj' Doc

- Remote radiology n .

- Remote pathology \-/ heartbeat O vitabook
Helios Kliniken H.- PPYMED
Akutstationare Behandlung in
Uber 100 Kliniken in Deutschland
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Big data: outcome asessment and quality control
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Big data: outcome asessment and quality control

Mortality data from 161.502 AF/AFLU patients Predictors for in-hospital mortality
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Digital health care: final thoughts

Digital health care has already changed and improved medical communication pathways,

diagnostics, and treatment pathways.

Implants, wearables, injectables and contactless biomonitoring technology will allow continuous

monitoring of various biological signals.

The connection to Al will be disruptive for the health care system. Algorithms will supplement
and partially replace traditional diagnostic and treatment pathways and support patient values,

l.e. better and longer life.

The development and installation of monitoring systems that bridge traditional sectors of the

health care system will further improve the quality of care.

Legal and data safety aspects are currently unsolved and require strong attention.



Personalized SCD risk prediction

Européan

Commission

H2020 BHC-25: Technical annex

PROFID: Implementation of personalised risk score for sudden cardiac
death in post-infarct patients
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Personalized SCD risk prediction

Current clinical guidelines:

With PROFID risk score:

LVEF< 35%
People at risk of SCD

LVEF> 35%

A AR

ﬁ High risk of SCD

LLd i

ICD
implantation

LU

OVERTREATMENT

no ICD

i —

TREATMENT

People at risk of SCD High risk Personalised
pproach

L B
implantat

IR AR ...
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* Low risk of SCD

ﬁ High risk of SCD
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Personalized SCD risk prediction

Re-analysis of existing data
evidence
- machine learning / deep learning
- artificial inteligence

PROFID Risk Prediction Model

- Continuous adaptation

Randomized clincal trial
- LVEF < 35% non-inferiority design
- LVEF > 35% superiority design

@
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Concept 1: Use of machine learning and deep learning
methods to develop o continuous algorithm
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Concept 2: Personalised prevention of SCD
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" Concept 3: State-of-the-art health economics, ethical and legal analyses
to support feasibility and uptake into guidelines

Clinical support
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Concept 4: implementation of personalised prevention of SCD in local pilots

wpg& * !mproved guidelines for prevention of SCD based on personalised risk score
iMPACT ° Clinical support tool for cardiologists to enable personalised treatment
* PM-based prevention of SCD demonstrated in three local pilots.

Figure 2: concepts and related approaches planned in this project
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Diagnostics and treatment pathways
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