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L'intelligence artificielle, une histoire a rebond

Social excitement
and concern

Success of
AlphaGo,
Libratus, etc... D¢ Google DeepMind {6 AlphaGo
(e) (e}
Boom 1 Boom 2 Boom 3 Doap Learring il Challenge Match
8 - 15 March 2016 -+

“GOFALI" “Expert Systems” “Machine Learning”
Autonomous
Vehicles

Winter 1 Winter 2 Autonomous

knowledge Weapons

) engineering
heuristic . ,
DENDRAL, MYCIN “Al for Social Good"?

search d
General Problem Solver AAAI, JSAI a5

Samuels’ Checkers Program
MIT,CMU, Simon, Newell, FGCS, SCI, MCC, Alvey, ESPRIT

Stanford  McCarthy, Minsky Feigenbaum, Brooks

1960s 1970s 1980s 1990s 2000s 2010s

Convolution Neural Networks for sGoogle Brain Project on
Handwritten Recognition 16k Cores

1958 Perceptron 1974 Backpropagation 1998 ! | | 2012

awkward silence (Al Winter)

1969 1995 2006 2012
Perceptron criticized SVM reigns Restricted AlexNet wins
' g Boltzmann ImageNet

Machine o 3
IMJAGEN

..
INSTITUT

CARDIOVASCULAIRE Garvey C. Broken promises & empty threats : the evolution of Al in the USA, 1956-1996. Technology's Stories. 2018 ; Vol 6, n°2 DOI: 10.15763/jou.ts5.2018.03.16.02

gﬁgls Conseil de 'Europe. Histoire de I'intelligence artificielle. https: //[www.coe. int/fr/web/artificial-intelligence/history-of-ai. Consulté le 3 mars 2022. https://www.slideshare.net/LuMag21/deep-learning-a-visual-introduction.
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Carlo MATTEUCI Willem EINTHOVEN Goldberger

Potentiels électriques Galvanomeétre a cordes, ECG 12D
Dénomination desondes P, Q, R, S, T

Nobel 1924

Materre Alexandre, Histoire de I'électrocardiogramme : de la découverte de I'électrophysiologie a I'électrocardiographie moderne, thése d'exercice, Limoges, Université de

Limoges, 2016. Disponible sur http://aurore.unilim.fr/ori-oai-search/notice/view/unilim-ori-107383. Consulté le 3 mars 2022.
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The democratic disruption of arrhythmia diagnostic

DOCTOR,
WILL YOU MAKE
THIS NOSE TEST?

SEE AT ONCE PHILIF MOREI
ARE LESS IRRITATING

» onc thing to road pubilished soads
Bave your own pen
provade the peoal! The PruLir M

takes but » moment. Won's you try it

1550

MERE IS ALL YOU DO ’

Lo Rewonon

ro Cances Poses: Corn

fur

Errecny or Atarruss

1

.
.4’

“\\./ » Ao
.

e
20 sngpesd Pravir MORRIS bo yowr patients wi

PHILIP MORRIS

ilip Morris & Co, Led, Tnc

|

for Mancu, 1950

wotransmitter i
Kpack whose signal was car

INSTITUT
CARDIOVASCULAIRE

PARIS
SuUD




Deep Learning

* Detection des ECG

automatique

* Apprentissage sur des milliers
de parametres

* Besoin de beaucoup d’exemplesjisg
(Cardiologs base de donnees de




Atrial Fibrillation
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Panel A

Panel B
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|A en pratique courante:
n=1000 Holters sur 3 centres

no criteria

20

40 60
Prevalence (%)

sensitivity (%)

Journal of the American Heart Association

American
Heart

BRIEF COMMUNICATION

Evaluation of an Ambulatory ECG Analysis
Platform Using Deep Neural Networks in
Routine Clinical Practice

Laurent Fiorina, MD ; Carole Maupain, MD; Christophe Gardella, PhD ; Vladimir Manenti, MD
; Fiorella Salerno, MD; Pierre Socie, MD ([} ; Jia Li, MSc; Christine Henry, MSc (12} ; Audrey
Plesse, MSc; Kumar Narayanan, MD, FHRS; Aurélie Bourmaud, MD ; Eloi Marijon, MD, PhD

mm Al-based
N Conventiona

specificity (%)

Fiorina L, Maupain C, Gardella C, Manenti V, Salerno F, Socie P, et al. Evaluation of an Ambulatory ECG Analysis Platform Using Deep Neural Networks in Routine Clinical Practice.

Journal of the American Heart Association. 20 sept 2022;11(18):€026196.



Screening strategies for AF—Section 10.3

Review of an ECG (12-lead, single, or multiple leads) by a physician is recommended to provide a definite diagnosis of AF and commence

appropriate management.

Population-based screening for AF using a prolonged non-invasive ECG-based approach should be considered in individuals aged >75 years,

or >65 years with additional CHA,DS,-VA risk factors to ensure earlier detection of AF.

lla

% =%

Tachogram = Periodic, opportunistic measurements 5 confirmations = notify user

Positive triggers frequent measurements
Not confirmed = return to usual sampling
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Puissance de calcul (GPUs)
(en pétafiops)

From: Application of large language models in medicine

Performance
du modéle

Medical decision-making Clinical report generation

Clinical coding

Taille
du dataset
(#de fokens)

Taille
du modéle
(# ae paraméires)

Radiology report Text summarization

Discharge summary
Chief complaint: acute appendicitis

| Past medical history: hypothyroidism,

controlled with medication

Discharge medications: antibiotics for

postoperative care, continuation of

levothyroxine

Discharge diagnosis: acute appendicitis

with localized peritonitis

Screening and
examination

Admission
to hospital

Chief complaint: intermittent chest pain and
breathlessness
Events in last 24 hours: overnight observation

y y DRI g Generation with medical images
confirmed tachycardia; condition improved with

medication | [ Findings
Assessment: a 72-year-old male with hypertension :vpefltuﬂcentd
and DM presented with cardiac symptoms. Possible Automated !Vpe””, ?:?l "
acute coronary syndrome and atrial fibrillation are coding system L‘!“g; with flattene
suspected diaphragms
| AT Granulomas
— What are the most likely diagnoses?} l — . | | Small-sized heart
Clinical codes K35.80 Minimal ﬂlli_'iC: LL
( A ) Unspecified acute appendicitis capping slightly
. cute coronary syndrome; L greater at the left
atrial fibrillation; E03.9 - -
myocardial infarction; Hypothyroidism, unspecified Indication
pulmonary embolism T81.4 Pressure left-sided - i
Infection following a procedure face GPT-4 Medprompt Med-Gemini
90 ® Microsoft Google
/
/
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. ) 8 ) . / (88/708]
N+ L ) g Fine-tuning / Rl
| 3 ‘ [70B]
Inquiry } il —— Human (expert) Fd
)ﬁ‘ Interaction - - 2 F Meditron
Instruction A - b — —_— = 2 70 /, Ecole Polytechnique
b s
. . , Translation to Translation g Med-PaLM ’ Google Lama-2 FederalelggﬁL‘ausanne
Ultrasound scanning Multi-agent planner for surgery other language to lay person =1 /  [5408] fine-tune
5 5 G42 Healthcare
g Codex (5 shot) GPT-35 / Clinical Camel Mo Meidz (708]
. . . N o 4 pemmemcecce=- Universit
Medical education Mental health support Medical inquiry and response 68 D?I-J OpgnAI of '[IromJnt;
708!
B Inquiry
iy N > N Stanford
e Natural \ University
Patient: |'ve been language Response O ) . Stanford [278] PMC-Lia
feeling really down understandin: 504 Stanford University - -Llama
St e oke) Mviritbad) g ! [360M] BioMedLM
p — . N\ University Shanghai Jiao Tong
| was hospitalized for an acute exacerbation [340M] DRAGON University
LLM g of COPD and am now stable and ready to be o [278
e e — _| discharged. What should | pay attention to BioLinkBERT | : :
. . .-
« Case study « Tutoring = - at home? What can | do to prevent future Jan 2022 May 2022 Sep2022 Jan 2023 May 2023 Sep2023 Jan 2024 May 2024
3 4 Patient Therapist: I'm sorry ‘ exacerbations?
« Explanations « Personalized study Yo hoar that Garn N L
s lansiation * Question and answer you tell me 'more7 1 sl Attend follow-up appointments regularly to
 Practical problems e Scenario generation - angadge p P app! Loy 4
generation monitor your condition; exercise moderately
com ) (e.g. walking, tai chi), but avoid overexertion;

) |

(Patient: | feel like
I'm not good
| enough...

get vaccinated against influenza and
pneumonia to prevent infections; avoid
exposure to irritants like smoke and dust,
keep indoor air wellventilated; if symptoms
worsen, seek medical attention promptly
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NEJM Image challenge

f X in @ W 3%

An 82-year-old man presented to the emergency
department with a 2-week history of generalized
weakness and altered mental status. He was started on
O Granulomatous amebic encephalitis empiric treatment for meningitis, but he continued to

have progressive neurologic decline with the

(O Gliomatosis cerebri

(O Rabies

(O Human polyomavirus 2

development of seizures, and died 9 days later. Autopsy
of the brain showed liquefactive necrosis. Microscopy is
as shown. What is the diagnosis?

nejm.org

h m O

(O Creutzfeldt-Jakob disease
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L'l|A comme detecteur de tresor

* FEVG

« CMH

* Valvulopathies '\
* Canalopathies

* Dyskaliemie

* Glucose




INSTITUT

CENTRAL ILLUSTRATION: Training, Validation, and Testing of an Al-Based

° N — 13 4 OO, p rev= 41 6% A U C — Ol 96 Electrocardiography Screen for Hypertrophic Cardiomyopathy

* SiIECG «normal »: AUC=0,95
* SIHVG sur ECG: AUC=0,95 HE <

N = 46,901

1 T : ~Training  AUC = 0.97
~ Validation AUC = 0.95
Testing  AUC = 0.96

ECGs on 3,060 Patients With
HCM and 63,941 Controls

Specificity
Positive Predictive Value 31%
Negative Predictive Value 99%

Testing Age <40 Years
N=13,400 LVH by ECG

“Normal” ECG

Ko WY, Siontis KC, Attia ZI, Carter RE, Kapa S, Ommen SR, Demuth SJ, Ackerman MJ, Gersh BJ, Arruda-Olson AM, Geske JB, Asirvatham SJ, LopezJimenez
F, Nishimura RA, Friedman PA, Noseworthy PA. Detection of hypertrophic cardiomyopathy using a convolutional neural network-enabled

CARDIOVASCULAIRE . ,
PARIS electrocardiogram. J Am Coll Cardiol 2020;75:722-733.

SubD



FEVG<35% sur ECG 12D

* N=52000 réetrospective, prev=7,8% : AUC=0,93
* N=3874 prospective, prev=7% : AUC=0,91

o
o

=
2
‘®
c
(]
w

—— Validation set (AUC = 0.933)
—— Testing set (AUC = 0.932)

0.4 06
1 - specificity

it Attia ZI, Kapa S, Lopez-Jimenez F, McKie PM, Ladewig DJ, Satam G, Pellikka PA, Enriquez-Sarano M, Noseworthy PA, Munger TM, Asirvatham SJ, Scott CG, Carter RE,
CARDIOVASCULAIRE

GARE Friedman PA. Screening for cardiac contractile dysfunction using an artificial intelligence-enabled electrocardiogram. Nat Med 2019;25:70-74
SuD
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Sur Smartwatch! Ou Sthetoscope!

* N=1050
FEVG<40%
AUC=0,91

* N=421 « a domicile »
FEVG<40%
AUC=0,88

Precision You Can
Hear. Insights You
Can Trust.

Bachtiger P, Petri CF, Scott FE, Park SR, Kelshiker MA, Sahemey HK,
et al. Point-of-care screening for heart failure with reduced ejection

A Harmqn DM, Duggn ), Manke Ot Lgrman A fraction using artificial intelligence during ECG-enabled stethoscope
et al. Prospective evaluation of smartwatch-enabled detection of I R o ive o sevational
Lleft ventricular dysfunction. Nat Med. déc 2022;28(12):2497-503. multicentre study. The Lancet Digital Health. 1 févr

2022;4(2):e117-25.

CARDIOVASCULAIRE

PARIS
SuUD




YoEy

A INSTITUT
-~ CARDIOVASCULAIRE
¢ PARIS

SubD



»Death is sometimes a punishment,

often a gift, and for many a favor. »
* Lown et Wolf

Table | The grading system for ventricular premature
beats devised by Lown and Wolf

Observed RN

Occasional, isolated VPB

Frequent VPB > 1 min~" or >30h~"’
Multiform VPB

Repetitive VPB: couplets

Repetitive VPB: salvos

Early VPB (note Class 5 previously included VT)

VPB, ventricular premature beats; VT, ventricular tachycardia.

Approaches to Sudden Death
N=220 post IDM

from Coronary Heart Disease

Circulation, Volume XLIV, July 1971

By Bernarp Lown, M.D., anp MarsHALL WoLr, M.D.
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Near-term prediction of sustained ventricular
arrhythmias applying artificial intelligence to
single-lead ambulatory electrocardiogram

Laurent Fiorina ® ">, Tanner Carbonati®T, Kumar Narayanan ® A Jia Li®,
Christine Henry’, Jagmeet P. Singh®, and Eloi Marijon ®

2,6,y

Study population Deep learning-based model

14-day ambulatory ECG recordings HR
from 247 254 patients collected
a across 6 countries (US, UK, France,
Czech Republic, South Africa, and
India)

The first 24 hours of each

@ recording are used to predict ‘ |
the risk of sustained VT in the
following 13 days

Convolutional Convolutional
neural network neural network

>
>

Day 1 Day 2 L Day4 2019-01-01  2023-07-01 2024-01-01

A e e A VANV I o . . ; Attention Attention
Development Internal validation Embedding Embedding
N =183 177 N =43 580
(804 VT) (197 VT)

— Fusion

isk «L High risk

External validation

N =20 497 (103 VT)
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Sensitivity

o
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<
S

- |nternal validation AUROC: 0.957 (0.943, 0.971)
- External validation AUROC: 0.948 (0.926, 0.967)

04 0.6
1 - Specificity

= Internal validation
- Exrernal valdation

2 days 3 days
Prediction horizor

1 hour

PPV (Precision)

—— Internal validation AUPRC: 0.300 (0.239, 0.376)
External validation AUPRC: 0.269 (0.189, 0.362)

1 hour

0.4 06
Sensitivity (Recall)

. Internal validation
R External validation

3 hours 6 hours 12 hours 24 hours

Input duration

B

34



Perspectives

Prevention: Preemptive Resuscitation:
Ideal but action Not ideal but
difficult ~ highly efficient

Our findings may

have numerous - A . . ) _
applications across SRRV S Smart” Cardiac

different clinical In-Hospital Monitoring
settings...
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AudeladelaTV...

Terminal electrical events in sudden death (Holter studies)

Bradyarrhythmias (16%)

/‘———‘\—A'A——A—V’\'—

VANV

Ventricular tachyarrhythmias (84%)

Antonio Bayés de Luna, Philippe Coumel, Jean Frangois Leclercq,

Ambulatory sudden cardiac death: Mechanisms of production of fatal arrhythmia on the basis of data from 157
INSTITUT hses, American Heart Journal,Volume 117, Issue 1,198,
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Back to the Future: Artificial intelligence-enabled single-lead ambulatory ECG
can unmask conduction tissue disease

LLLLLLLLLL L e bbb e e bl e bl Lo e

within the prior 13 days

Al-model analysis

INSTITUT
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No sinus pause or complete heart block
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Circulation: Arrhythmia and Electrophysiology

ORIGINAL ARTICLE

Deep Learning Can Unmask Conduction Tissue
Disease From an Ambulatory ECG

Daytime sinus pause (23 5)

Sensitivity
=
N

=
=

— Intenal validation AURDC: 0.916 (0.910, 0.921)
=== [External validation AURDC: 0.8E9 (0,680, 0.897)

Laurent Fiorina®, MD": Tanner Carbonati

, BSc"; Baptiste Maille'®, MD; Kumar Narayanan®, MD; Pauline Porquet®, MSc;

Christine Henry), MSc; Jagmeet P. Singh®, MD, PhD; Eloi Marijon®), MD, PhD; Jean-Claude Deharo®=, MD, PhD

Sinus pause (26 5)

SeEnSitivity
=
an

=
=

—— Intemal validation AURCL: 0.887 (0.872, 0.901)
=== External validation AUROC: 0.867 (0,847, 0.BEG)

Sensitivity
f=]
=h

=
=

Complete AV block

—— |nternal validation AUROC: 0.929 (0,916, 0.942)
=== Extemal validation AURDC: 0.933 (0.913, 0.950)

0.0

0.2 0.4 06 08
1 - Specificity
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1 - Specificity

10

0.0

0.2 04 06 08
1 - Specificity

1.0

Sensitivity

=
'

E=
o=
M

Composite

—— Internal validation AURQC: 0.914 (0,909, 0.919)
=== Extemal validation AUROC: 0,889 (0.881, 0.897)

02 0.4 06 08 10
1 - Speificity
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Enrollment

Follow-up Allocation

Analysis

14 physicians: no response
or declined to participate

39 attending physicians provided informed consent

16,335 patients managed by these attending physicians
with at least 1 ECG examination in the ED or IPD

Randomized

l

|

Allccated to the intervention group
(n=8177)

Allocated to the control group
(n =8,158)

Exclusions (n =176)

» Age <18 years; n =145

* The time from ECG
upload to AI-ECG
analysis was more than
2h:n=31

Exclusions (n =194)
* Age <18 years; n =154
® The time from ECG
upload to AI-ECG
analysis was more than
2h:n=40

8,001 patients were supported by AI-ECG

7964 patients received usual care

Stratification by AlI-ECG

High risk of mortality

System actively alerts
using a short message

Low risk of mortality

Physicians can review the
AI-ECG report in the EHR

CARDIOVASCULAIRE

PARIS
SuUD

Stratification by AI-ECG

High risk of mortality

Al-ECG reports were released
only after 90 days

Low risk of mortality

Al-ECG reports were released
only after 90 days

mortalité
* Model développé a partir d'une cohorte de 300 000 patients hospitalisés,

600 000 ECG: mortalité a 1 an et a 90 jours (AUC 0,83/ 0,90)

53 attending physicians in the Department of Internal Medicine
or the ED were contacted

All patients

HR (95% ClI): P
0.83 (0.70-0.99) 0.040
Reference

Cumulative death (%)

Days

Number at risk/event rate (%)

Cumulative death (%)

P for interaction = 0.026

lere étude randomisée usage de |'lA et

[
High ri€k identified by AI-ECG

]
Low ri€k identified by AI-ECG

30 HR (95% Cl): P 30
0.69 (0.53-0.90) 0.006

Reference 24 4

Cumulative death (%)

HR (95% ClI): P
0.97 (0.77-1.22)

Reference

0.777

Days

Number at risk/event rate (%)

Days

Number at risk/event rate (%)

a, Overall effect of the AI-ECG intervention on mortality. b, Effect of the AI-ECG intervention stratified according to AI-ECG prediction (high or low risk). For
a patient identified as high risk by the AI-ECG in the intervention group, the corresponding physician received a short message as an alert. For a patient
identified as low risk by the AI-ECG in the intervention group, an Al-ECG report was made available only for review. Cox proportional hazards, mixed-effect
models without covariates were used for the statistical test, which was two-sided, with no adjustment for multiple comparisons. The blue and brown lines
represent the intervention and control groups, respectively. The tables show the at-risk population and cumulative risk for the given time intervals in each
group.

Lin, CS., Liu, WT., Tsai, DJ. et al. Al-enabled electrocardiography alert intervention and all-cause mortality: a pragmatic

randomized clinical trial. Nat Med 30, 1461-1470 (2024). htt

'/doi.or,

/10.1038/541591-024-02961-4



Precision You Can
Hear. Insights You
Can Trust.
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