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The European Society of Cardiology @Esc

Unites more than 110.000 cardiologists

from 58 National Societies

Promotes science and education

Innovations and technologies

Promotes patient values and patient engagement

Hosts the largest annual cardiovascular congress — globally
Journal family around the European Heart Journal

Develops the globally leading guidelines for CV disease

... is proud to be guest here at ESA

Our Mission: Reduce the Burden of Cardiovascular Disease



The burden of cardiovascular disease
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Global health care budget projections

Per-capita spending
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Dieleman JL et al.; Lancet 2016



Global health care budget projections
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Weis DJ et al.; Nature Medicine 2020
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Digital technologies to support CV diagnostics and therapies
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Insertable cardiac monitor
(IcM)

Pulmonary artery
pressure sensors
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« Cordella
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application

=

D

N6

Google

Kardia
AliveCor

Apple
watch

Fitbit

Cardiac implantable
electronic devices
(CIEDs)

P
3

Vitaria vagal nerve
stimulatior

VisONE synchronised
diaphragmatic stimulator

Zio XT and
Zoll uCor patches

ReDS remote
dielectric sensor

-
Tael

SimpleSense
wearable vest

MindMics
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McBeath KCC, Angermann C, Cowie M; Current HF Reports 2022




Remote communication cardiac implants

Transtelephonic

* Heart failure MD

Figure 1 Technologies in use.
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Wearables and remote communication tools
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Wearables and remote communication tools

Type of device

Medical ear buds
Eye glasses

Patch

Cheststrap

Smartwatch or band
Smartring
Smartphone

Clothingand shoe-
embeddedsensors

Sensors Measurements

Accelerometer Activity (e.g., step/stair
Barometer counts, exercise),
GPS estimated calories burned

HR, HRR, HRYV, cuff-less
BP, Sa02, cardiac output,
PPG stroke volume, pulse-
based rhythm detection,
sleepand its stages

Single- and multi-lead
ECG, continuous or as-
needed monitoring,
ECG interval measurements
(e.g., QTc), arrhythmia
detection, electrolyte
abnormalities

Oscillometer  Wristcuff BP

Invasive: blood glucose

and electrolyte monitoring
Biochemical

sensors Non-invasive: sweat and

saliva electrolytes and
hydration status

Leclercq C, Witt H, et al.; Europace 2022

Table 4 Key factors for implementation

Use regulatory-approved devices and algorithms (updated
database of approved systems. The EUDAMED database is
under construction, https:/ec.europa.eu/tools/eudamed/
#/screen/home)

Well documented, easily navigated, standardized process for
reimbursement

Standardized hospital policies

Reliable data privacy

Process for regular updates

Common platform with systems for integration of multiple devices
Include regular training and education on digital technology for
all personnel

Provide training for patients with devices who are enrolled in
monitoring programmes

Dedicated in house or contracted digital health personnel
Ensure medico-legal standards are in place
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Convolutional neural network for detection of atrial fibrillation
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Performance of a neural network for ECG diagnosis

E] Frequency-weighted mean F1 scores® IE] Mean sensitivity
Rhythm diagnoses F12 AUC _ Specificity®

CNN Rhythm diagnoses sensitivity®
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.
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Cardiologist dx = CNN 0.910 0.959

MUSE 1] Cardiologistdx NA  0.959
Infarct diagnoses F12 : -

CNN Infarct diagnoses sensitivity®

MUSE ] Cardiologistdx NA  0.950

i a

Ot(tl:rNdlagnoses i Other diagnoses sensitivity<

MUSE ] Cardiologistdx NA 0.980

0 0f2 0t4 Ol‘6 078 ITO 6 0:2 0T4 0|.6 O"8 1?0
Mean F1 score Mean sensitivity

Hughes JW et al.; JAMA Cardiology 2021



Convolutional neural network for detection of atrial fibrillation
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Patient with no atrial fibrillation rhythms recorded

Patient with at least one atrial fibrillation rhythm recorded

First ECG available Index ECG

! nes |

Index ECG (ie, first ECG available) Il Normal sinus rhythm
¢ Bl Atrial fibrillation or atrial flutter
I l I Window of interes>
T T T i T

January I February March April

I | I I I:I:I I I:I Window of intere>
I I I

Attia Z et al.; Lancet 2019



Self-diagnostic Medical Devices Market:
Heart Diseases Segment is Likely to
Expand at a High Growth Rate During
the Forecast Period

https://www.biospace.com/article/self-diagnostic-medical-devices-
market-heart-diseases-segment-is-likely-to-expand-at-a-high-
growth-rate-during-the-forecast-period/
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Digital visual applications: facial viewing
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Precise patient identification

Non-contact assessment of rhythm and rate

Insights into mental health
- real time emotion recognition

Pain perception

Continuous facial monitoring
- during interventions
-ICU/CCU

Connection of facial data with
- hemodynamics

- medical therapy

- robotics

Support of medical staff (e.g. ADDW)

(Advanced Driver Distraction Warning)

@)

(source Visage Technologies)




Digital visual applications: facial viewing

Precise patient identification
* Non-contact assessment of rhythm and rate

+ Insights into mental health
- real time emotion recognition

» Pain perception

» Continuous facial monitoring
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- medical therapy
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Digital visual applications: facial viewing
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(Prkachin KM et al.; Front Pain Res 2021




Digital visual applications: facial viewing
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Detection of heart failure using speech signals

The automatic detection of heart failure using speech signals @ —
M. Kiran Reddy***, Pyry Helkkula”, Y. Madhu Keerthana“, Kasimir Kaitue®,

Mikko Minkkinen, Heli Tolppanen?, Tuomo Nieminen®, Paavo Alku®

* Department of Signal Processing and Acoustics, Aalto University, Aalto 00076, Finland

® Institute of Molecular Medicine, University of Helsinki, Helsinki 00290, Finland

 Advanced Technology Development Centre, Indian Institute of Technology Kharagpur, Kharagpur, West Bengal 721302, India
9 Heart and Lung Center, Helsinki University Hospital, Helsinki 00290, Finland
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HF Speech Feature
Database Extraction

)

1 0+
Glottal MFCC -0.5 L L
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Labels
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..................................................... 9. i 1
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acoustic speech signal and corresponding glottal flow waveform, healthy (a/b) HF (c/d)

Reddy MK et al.; Computer Speech and Language 2021



Digital technologies to support CV diagnostics and therapies @Esc

* 40 pts. With decompensated HF

Discharge
decongested

« 5 sentences s A

a voice analysis g
- application -

- 1-3 languages O . s o — &S —

. ADHF Patient Hospitalization \\.\ Treatment 7
+ HearO speech processing congested state " ecards
Wy g sentences on
I- - W i a voice a_nalysis
app |Cat|0n -~ 300 \\ ’,r application
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&2 200 —— {}3
1 H ° 150 p I
5 distinct speech measures, £105 e [
g S 50 l lecordings
. . . =
- o Voice analysis
eaCh a d IStI nCt tl me’ SM1SM2 SM3 SM4 SM5 SMs calculation - % change
. Speech Measure (SM) from baseline (admission)
= freq Uency reSO| utlon y Significant change (P < 0.0001) in all 5

tested SMs (median) between the
congested (admission) and decongested

- linear versus perceptual (ear) (discharge) state

Amir, 0. et al. J Am Coll Cardiol HF. 2022;10(1):41-49.

model

Amir O et al.; JACC Heart Failure 2022



Digital, structured, machine readable clinical guidelines
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A) Symptomatic aortic stenosis

Intervention is recommended in symptomatic
patients with severe, high-gradient aortic steno-
sis [mean gradient >40 mmHg, peak velocity
>4.0ms, and valve area <1.0 cm? (or <0.6 cm?/
ml)].BSJJé

1+ <GuidelineDocument>

2 <Identidy>...</Identidy>

3 <Oevelcper>..

4 <Purpose>..

5 < fence:

6 <ethodofDevelopment>. . . </MethodOfDevelopment>

? <TargetPopulation>...</TargetPopulation>

L 5 «nowledgeComponents>

9 <Recommendation>Recommendations on indications for interventions in
10 symptomatic aortic stenosis

n. <«Conditional>Severe, high gradient aortic stenosis
12 <Decisionvariable>Symptosatic aortic stenosis</Decisionvariable>
13 <Decisionvariable>mean gradient >= 40 mmHg</Decisionvariable>
14 <Decisionvariable>peak velocity >= 4.0 m/sec</Decisionvariable>
> 15 <Decisionvariable>valve area <= 1.0 cm?</Decisionvariable>

16 <Decisionvariablesvalve area <= 0.6 cm?/m?</Decisionvariable>
17+ </Conditional>

18 <Action>Aortic valve intervention recosmended</Action>

19 <Reason>...</Reason>

20 Evi Tity>Level B</Ev Tity>

. onStrength>Class I</Evi Quality>

2 <Reference>...</Reference>

23 <Linkage>Link to recommendations of mode of intervention</Linkage>
24 aee

25 </Recommendation>

26+ </XnowledgeComponents>

27 <Testing>...</Testing>

28 <RevisionPlan>,..</RevisionPlan>

29 <ImplementationPlan>...</ImplementationPlan>

30+ </GuidelineDocument>

Mayer A et al.; DHC view point in preparation
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Digital technologies to support CV diagnostics and therapies @Eesc

» Goal: Al-driven patient information
platform to improve patient

engagement in AF
» Setting: AF ablation
1. Find/create medium
» 2. Define message (chatGPT)

« 3. Fuse medium and text

Courtesey of Sebastian Hilbert MedRefer






Better access to medical care: potential solutions

o

* A medical system with tree components

* Digital products (apps) for self-assessment
* Digital centers / hospitals for consultation

* Compact health care diagnostics and treatment centers
o

Heart Center Leipzig U Helios



Digital health solutions: 3 steps

@)

Digital healthcare services
from lifestyle, prevention,
smart routing, treatment to
chronic disease management

Step 1: self assessment
using pre-defined apps
For common disease

)

Digital Hospital:
Our best quality
telemedical
consultation services
across all medical areas

Step 2: contact the
digital hospital,
present symptoms and
consult physician

Step 3: if necessary
the app will guide
patients to Cubes for

further diagnostics and
treatment

o

Heart Center Leipzig

MU Helios



Digital health

solutions

=
) 5
c c =
) Symptom check ——» Cr heck Digital F i
e curalie + Assessment of + Cross-check of + Video consultation with
present red flags healthcare professional
= o symptoms .

Summary & next steps are
assigned in app

Risk

g'd fied
c

* No risk

c

Risk screening

5 « Assessment of
N chronic disease

risk factors

Intervention needed
« Referred to local healthcare
facility due to emergency

Physical cube
Referral to conduct
additional values

Intervention needed

« Referred to local healthcare
facility due to emergency

c

+ Additional values can
be delivered via app
(e.g. blood pressure)

app
« Digital therapeutics
prescribed incl.
continuous monitoring
» Self-care pathway
accompanied digitally

[
« Digital therapeutics
prescribed incl.
continuous monitoring Value
escalates

Digital Hospital

=

Physical Cube

Heart Center Leipzig

M Helios



Digital transformation — opportunities and challenges

 Digital technologies will be disruptive in health care
« All elements of traditional health care will be substantially affected by DT

« New spaces for health care will develop and substantially reset the
health care sector

« This development will happen soon and substantially affect the ESC
« Cardiovascular medicine will be a leading catalyser for implementation of DT

« ESC will have a specific role with huge opportunities in this emerging field
- cardiovascular medicine - prevention, diagnostics, treatment
- science and education

- regulation and advocacy
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