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LE CURVE DELL'eHEALTH
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EH) POSITION STATEMENT

PLATFORM OF LABGRATORES FOR ADVANCES IN CARDIAC EXPERENCE
@ oo
sgmorsen  dor10.109eurheantjev416
Seenor

e-Health: a position statement of the European
Society of Cardiology

Martin R. Cowie', Jeroen Bax2, Nico Bruining?, John G. F. Cleland*, Friedrich Koehler?,
Marek Malik, Fausto Pinto?, Enno van der Velde8, and Panos Vardas®
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Decision support
tools
(care pathways,
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Internet based
technologies and
services

Table | Thed ins of e-health, i g healthcare
dministration and support, education, healthcare
delivery, and research

(1) Telemedicine and telecare (including disease management
services, remote patient monitoring, teleconsultations, and
homecare)®

(2) Clinical information systems (electronic medical records, decision
support and monitoring of clinical and institutional practice)

(3) Integrated regional and national information networks and
associated e-referrals and e-prescribing

(4) Disease registries and other non-clinical systems used for
education, public health, patient/disease-related behaviour, and
healthcare management

(5) ‘Mobile’ health (m-health) including mobile applications (‘Apps’):
medical and public health practice supported by mobile
technologies delivering health information, screening patients,
monitoring physiological signs, providing direct care and patient
education (sometimes considered part of telemedicine,’ but
increasingly less medicalized)

(6) ‘Personalized’ health (p-health): wearable or implantable micro-
and nano-technologies with sensors and/or therapy delivery
devices to help facilitate health and social care decision making and
delivery (including fall detectors, implantable insulin pumps,

‘Big Data'—large-scale |ntegrauon and analysis of heterogenous

source)”, ideally linked at the individual person level to provide a
more holistic view of a patient/individual and shed light on social
and environmental factors that may influence health.
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The Power of Healthcare Data

The Body as a Source
Data

sant s Comny wry of cam, ke e

of

o0 U3 15000 N ESTCH 1 heai

R 41 a0

Sensors embedded in clothing

OMP @A

| 366M
20-40% 80%..

Patient Reported Outcomes (PRO)

M

r=0F@eoe@BG8IB N

PATIENT-GENERATED HEALTH DATA (the serious part of the quantified self)

Accelerometer
Altimeter

Digital camera
Electrocardiogram
Electromyograph
Electroencephalogram
Electrodermograph
Location GPS
Microphone
Oximeter
Bluetooth proximity
Pressure
Thermometer

Standard Q ire (e.g SF12,EQ-5D)

a
4
H
°

8

X

g

e

]
°

x

Saig DYD "24ed3jea J0j Bujuaeay auiydeyy) pue eeq fig Buiknsdwaq (£107) 'H 'q ‘Bews 3 D [ |Pzusiy 4 ‘uelese




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

TR,

",

r

pazmeasmeagy | @

JESSRSTRRN ¢

|
b TH l
A e Ll o




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

‘)S!Ed IIIIII R N
PLACE® ™ Relazione tra deep learning e
medicina clinica e traslazionale

Artificial intelligence

Medical research Clinical practice

Standard Statistics
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LATRORM OF LABORATORES FOR ADVANCES IN CARDIAC EXPERIINCE

COME IMPARANO LE MACCHINE

Deep Learning
Neural network
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Al and Deep Machine Learning are already impacting Ilfe
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Atrial Fibrillation
The More You Look, The More You Find

Incremental Yield of Prolonged ECG
Monitoring for the Detection of AF in
Pts with Cryptogenic Stroke or TIA.

In pts with
embolic stroke of
uncertain source,

the choice of
anti-platelet vs.
anticoagulant therapy
2.2 depends on the
absence or presence of
24 Hr 1 Wk 2 Wk 3 Wk ' AF
Duration of ECG Monitoring
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More intensive monitoring results in more AF detection

Gladstone DJ. For the EMBRACE Invests. N Engl J Med 2014; 370: 2467-77
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Artificial Intelligence vs. Machine Learning vs. Deep Learning

ARTIFICIAL INTELLIGENCE

A technique which enables
machines to perform intelligent
tasks and often mimic human
intelligence

MACHINE LEARNING

_ _ Asubset of Al which ‘
uses statistical methods to -’
enable machines to improve |
with experience v 1
DEEP LEARNING ‘

~.—_._ Asubset of ML which uses
multi-layer artificial neural
networks

Deep Learning

r ML to the rescue...

» |f designed, validated and implemented
appropriately, ML will HELP in
acquiring, interpreting and synthesizing
healthcare data from multiple sources
and putting it at our fingertips....."like an
expert subspecialist to call upon for
every patient and for every clinical
situation”....

3 L

Quer G etal JACC 2021, 77: 300-13
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PLACE MACHINE LEARNING

- Raccolta dati

b Training

‘ Prediction
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Machine learning e paziente cardiopatico
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DATA ACQUISITION FEATURE EXTRACTION INTERPRETATION
Best raw data - smallest \ Best measurements - no Probability on normality or
learning curve tedious work differential diagnosis

Healthy? Diseased?

W

L PERCEPTION &

Sanchez-Martinez et al, Preprint.org 2020

INCREASING RISK FOR PATIENTS

Provide personalised
suggestions and prognosis

Treat or not?

L ReasonING &
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Predittivita: quale il fu‘rur'o7

* Uno degli obiettivi  dell'intelligenza
artificiale & quello di consentire all'ECG di
diaghosticare condizioni non in precedenza
identificabili, o farlo con a prestazioni
maggiori rispetto a quanto prima possibile

&
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Predl’r’nvu’ra quale il fu’ruro?

« Grazie infatti ad algoritmi sofisticati di Machine learning
i segnali vengono analizzati nei dettagli e l'intelligenza
artificiale cerca di classificarli guardando tutto il ritmo
cardiaco non solo l'intervallo RR. Ora siamo ancora nella
fase iniziale dove I'apprendimento automatico puo fornire
solo classificazione dellEC6 ma non ci garantisce una
predittivitd, come ad esempio poter dire che un paziente
sviluppera HF o AF.
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Block representation of ECG signal formats that can be input to deep
learning models for atrial fibrillation detection
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Cloud System

A block representation of cloud-based atrial fibrillation detection system using ECG

records
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Studi on going

« Attualmente sono in corso due studi che vogliono proprio
cercare di arrivare alla predittivita, uno e relativo allo
screening per HF sulla base di un algoritmo di AT che legge
I'immagine ecografica (FE+ derivazioni), I'altro e relativo
alla ricerca di FA in pazienti in Ritmo sinusale sulla base di
un algoritmo di AT che legge i tracciati ECG.

Artificial Intelligence Algorithm for Screening Heart Failure
with Reduced Ejection Fraction Using Electrocardiography

Deep Neural Networks Can Predict New-Onset Atrial
Fibrillation From the 12-Lead ECG and Help Identify Those at
Risk of Atrial Fibrillation-Related Stroke
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Ciroulation

ORIGINALRESEARCHARTICLE @ ©6

Deep Neural Networks Can Predict New-
Onset Atrial Fibrillation From the 12-Lead
ECG and Help Identify Those at Risk of Atrial

Fibrillation—-Related Stroke
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Raghunath S. Circulation. 2021; 143:1287 -1298 New onset AF (%) 4.2% 1.3% 5.3% 4.2% 1.3% 5.3%
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ORIGINALRESEARCHARTICLE Q@ ®6

Deep Neural Networks Can Predict New-
Onset Atrial Fibrillation From the 12-Lead
ECG and Help Identify Those at Risk of Atrial
Fibrillation-Related Stroke
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ASAIO Journal 2021 Clinical Cardiovascular

Artificial Intelligence Algorithm for Screening Heart Failure
with Reduced Ejection Fraction Using Electrocardiography

Jinwoo CHo,* BYEONGTAK LEE,* JooN-MyouNG KwoN, 1% YeHA Leg,* HyunHo PARKE, * Byung-Hee OHS
Ki-HyuN JeoN®, 1§ Jinsik PARK,§ AND Kyung-Hee Kim@, 1§
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ASAIO Journal 2021 Clinical Cardiovascular

Artificial Intelligence Algorithm for Screening Heart Failure
with Reduced Ejection Fraction Using Electrocardiography

Jinwoo CHo,* ByEoNGTAK LEE,* JooN-Myoung Kwon, ¥ YEHA Lee,* HyunHo Park®,* Byung-Hee OHS
Ki-Hyun Jeon©?, 1§ Jinsik PARk,§ AND Kyung-HEee Kim@, 1§

10 —— 10 —— AUC of Artificial Intelligence Algorithms Using
§ F i Single-Lead Electrocardiography
. V. r
"/ ,.-'f i r,/ Hospital A Hospital B
{ I\ Type Lead (95% CI) (95% CI)
06 I'J 06 'I |(
§ ) I/ Lateral Ve 0.887 (0.875-0.898) 0.941 (0.930-0.952)
| ; f V5 0.883 (0.871-0.854) 0.937 (0.926-0.949)
-y ol [ 0.874 (0.861-0.887)  0.929 (0.914-0.943)
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= e e W AEERNeONE OOMN-004
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ROC curve of internal validation ROC curve of external validation Infenor ] 0.864 (0_35{}-0.3 ?B} 0.908 (0.888-0.92T)
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Screening for cardiac contractile dysfunction
using an artificial intelligence-enabled Results
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The network performance was strong across all age and sex groups; Attia ZA, ... Friedman PA.
significant differences were noted in the strength of association (p<0.001) Nat Med 2019; 25: 70-74
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% ADVANCES IN CARDIAC EXPERENCE

Deep learning: Fenotipizzazione

Apprendimento automatico di pazienti con insufficienza cardiaca ed identificazione dei potenziali
responders alla terapia di risincronizzazione cardiaca (CRT)

Input data

Unsupervised machine learning
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European Journal of Heart Failure, Volume: 21, Issue: 1, Pages: 74-85, F2018,
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PLATIORM OF LABORATORES FOR ADVANCES IN CARDIAC EXPERENCE NG .

Phenogroup 1

* Non-ICM
+ LEBB, Longest QRS duration

Most remodelled LA, LV; lowest LVEF, GLS
Most remodelled RV, lowest FAC
* Marked Septal flash strain pattern

* Highest primary outcome rate in

* Highest diuretic & MRA use
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JACC: Cardiovascular Imaging

Valume 15, Issue 2, February 2022, Pages 193-208

ELSEVIER

NEW RESEARCH PAPER

Machine Learning-Derived
Echocardiographic Phenotypes
Predict Heart Failure Incidence in
Asymptomatic Individuals

Masatake Kobayashi, MD, PuD,>™* Olivier Huttin, MD, PuD,*"* Marlin Magnusson, MD, PuD,~%"

©IJACC,

Jodo Pedro Ferreira, MD, PuD,™” Erwan Bozec, PuD,*” Anne-Cecile Huby, PuD,*” Gregoire Preud’homme, MSc,™"

Kevin Duarte, PuD,*" Zohra Lamiral, MSc,™” Kevin Dalleau, PuD,” Emmanuel Bresso, PuD,”
Malika Smail-Tabbone, PuD,”® Marie-Dominique Devignes, PuD,™ Peter M. Nilsson, MD, PuD,"®
Margret Leosdottir, MD, PuD,““ Jean-Marc Boivin, MD, PuD,*" Faiez Zannad, MD, PuD,*"
Patrick Rossignol, MD, PuD,*" Nicolas Girerd, MD, PuD,*" on behalf of the STANISLAS study
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PI—ACE ( CENTRAL ILLUSTRATION: Echocardiographic Phenotypes in

Asymptomatic Individuals

Diastolic Changes with

Mostly Normal Diastolic Changes Structural Remodeling

e' 210 e' <10 e' <10
vu.' b | l“
LVDVi <50 LVDVi 250 LVDVi <50 LVDVi 250
+ OR + + OR +
LVMi <105 LVMi <85 LVMi 2105 LVMi 285
Predominantly men
Remodeling markers:

} Fatty acid-binding protein-4 } soluble ST-2

Q Interleukin-6 * Troponin-|
+ C-type natriuretic peptide

} ILRL2
x 2 risk = 5 risk
HF and/or CV death HF and/or CV death

compared with mostly normal compared with mostly normal

Kobayashi, M. et al. J Am Coll Cardiol Img. 2022;15(2):193-208.
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Heart Model Function: How I+ Works

Model Based Segmentation
Provides for chamber localization: LV - LA - RV - RA

Knowledge-Based Identification Patient-Specific Adaptation

Heart Localization ~ Chamber Alignment Regional Alignment  Regional Alignment
Stage 1 Stage 2
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[= Battito attuale
EVentricolo sinistro
EDV 152 mi
ESV 89ml
EF 1%
EDL 94cm
ESL 85cm
SV 63 mi
CI 2.47 lImin/im?
[E Atrio sinistro
Vmax LA 54 ml
Vmin LA 33 ml
EFLA 39%
LAVI 27 mlim?
FHR
EAii
Peso [80.0] kg
Altezza [180] cm
BSA 2.00 m?

Impostazioni contorno
[E Attuale Predefinito
ED 3% 39
ES 3 3
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TLALE Conclusion

The ECG and ECHO are rich in physiologic information that are unique, identifying,
and encoding many health conditions

Since ionic currents are frequently affected very early in many disease processes, the
addition of Al to an ECG or Echo turns them into a powerful diagnostic screening tool

When coupled to smartphones, it enables a massively scalable point of care test

Like any test, clinicians will need to understand when and how to use it in order to
best care for pts
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% ADVANCES IN CARDIAC EXPERENCE




