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Lõav¯nement de lõIntelligence Artificielle?



Une vieille histoire

Premier article sur le potentiel des réseaux de neurones 
artificiels



Go

2016
Alphagogagne face à Lee Sedol



Poker

2017
Libratusgagne face à champions du monde 



Quõest-ce que lõIA?



1. Apprentissag e



1. Deux types dõapprentissage



A. Apprentissage Supervisé

UtilisationŘΩƛƴŦƻǊƳŀǘƛƻƴhumaineǇƻǳǊ άŀƛŘŜǊέ lors
de ƭΩŀǇǇǊŜƴǘƛǎǎŀƎŜ



B. Apprentissage Non -supervisé

Aucuneinformation humaineǇƻǳǊ άŀƛŘŜǊέ lors de 
ƭΩŀǇǇǊŜƴǘƛǎǎŀƎŜ



2. Types dõapplications



A. Classification

Identifying to which category an object belongs to.



Dermatology: Diagnostic Images 



B. Regression
Predicting a continuous-valued attribute associated 

with an object.



C. Segmentation

Predictingwhere an object is locatedin another
object.



C. Segmentation

Predictingwhere an object is locatedin another
object.



C. Segmentation



D. Natural Language Processing

Translation Speech Recognition

UnderstandingHuman Language
Segmentation / Classification



E. Face Recognition

UnderstandingHuman Language
Segmentation / Classification



F. Content Generation

Creating« plausible» content with an algorithm



F. Content Generation

Creating« plausible» content with an algorithm



Méthode s

Deux Approches:

ÅFeatureEngineering

ÅApprentissage profond



Apprentissage machine

Sick

?



Apprentissage machine

Variable extraction

SpO2

Temperature

Sick



Machine learning

Conventional
Algorithm

ML Algorithm

Temperature

SpO2

Sick

Healthy



Perceptron
Elementary unit of artificial neural network

Apprentissage profond



Apprentissage profond



Apprentissage profond
Convolution



Pourquoi lõIA?

ÅMoins de biais humains
ÅPermet de prendre en compte plus de paramètres 

analytiques
ÅDétecte des motifs complexes
ÅPermet une analyse plus rapide



Est-ce Magique?



NON !



Principales Limites

Influence de ƭΩƛƴƎŞƴƛŜǳǊ Ŝǘ ŘŜ ƭŀ ōŀǎŜ ŘŜ ŘƻƴƴŞŜǎΥ
1. Représentativité de la base de données pour 
ƭΩŜƴǘǊŀƞƴŜƳŜƴǘΦ

2. /ƻƴŎŜǇǘƛƻƴ ŘŜ ƭΩŀƭƎƻǊƛǘƘƳŜ



Principales limites
Å.ƛŀƛǎ ǇǊŞǎŜƴǘǎ Řŀƴǎ ƭŀ ōŀǎŜ ŘŜ ŘƻƴƴŞŜ ŘΩŜƴǘǊŀƞƴŜƳŜƴǘ

ÅPhénomène de renforcement des biais

ÅAttention à la représentativité des données



Principales limites

ÅPhénomène «black box»

ÅPossibilité de corrompre 
un algorithme

-Ҕ LƴŦƭǳŜƴŎŜ ŘŜ ƭΩƛƴƎŞƴƛŜǳǊ κ 
data scientist

ÅEn médecine utiliser autant 
que possible des critères de 
performances cliniques et 
non pas historiques (cf jeu 
de Go)



Principales limites

ÅQuestion de la responsabilité (ex. véhicule autonome)

ÅQuestion de la propriété et de la maîtrise des technologies: 
agrandissement des fossés sociaux (Laurent Alexandre)

ÅQuestion éthiques



Applications médicales



Oncology: Therapixel



Dermatology: Diagnostic Images 



Dermatology: Diagnostic Images 



Dermatology: Diagnostic Images 



Ophtalmology: 3D OCT Diagnostic Scans



Ophtalmology: 3D OCT Diagnostic Scans



Cardiology: ECG Analysis



Cardiology: ECG Analysis



Yann Fleureau
CEO



Et le médecin dans tout ça?

ÅUne importance renforcée

ÅPropositions de OpenHealthCompany: 
[ŀ ƴŞŎŜǎǎƛǘŞ ŘΩǳƴ ǊŀǇǇǊƻŎƘŜƳŜƴǘ ŜƴǘǊŜ 
concepteurs de technologies et 
médecins.

-Ҕ tǊŜƴŘǊŜ ƭΩƛƴƛǘƛŀǘƛǾŜ ŘŜǎ ǇǊƻƧŜǘǎ 
entrepreneuriaux ou académiques de 
demain



vǳΩŜƴ Ŝǎǘ-ƛƭ ŘŜ ƭΩŞƭŜŎǘǊƻǇƘȅǎƛƻƭƻƎƛŜ 
cardiaque?



~ 50%  Freedomfrom AF/AT after multiple procedures
with or without AA drugs
Averagedresults(589 patients , no statisticaldifferencebetweentechniques): 
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Verma et al. NEJM 2015

~ 50 %

PVI for persistent & LS-persistent AF: 

Mappingof AF drivers with CFE software



Comment mieux faire?

ÅVisualisation des drivers avec un software sophistiqué

ÅAnalyse visuelle des électrogrammesintracardiaques



Approches 
panoramiques

ÅReposentsur des modèlesde propagation 
des ondes: Cesmodèlessont-ilsprochesde 
la réalité?

ÅTententde reproduirela propagation des 
ondesdans unegéométriehétérogèneet 
complexe

ÅProduisentdes cartes complexes difficiles à 
analyser

ÅDifficultésà localiser précisementles 
drivers



Electrogram-based ablation
Complex Fractionated Atrial Electrograms
Nademaneeet al. , JACC 2004

Spatio-Temporal Dispersion of Electrograms: Non-
simultaneous activation at multiple neighboring 

electrode locations (with or without fractionation) 
Seitz et al., JACC 2017

Visual approachesfor the detectionof AF 
drivers 

Twoclose definitions of AF ŘǊƛǾŜǊΩǎfootprints with
good clinicaloutcomesbut limited reproducibility



Spatio-Temporal Dispersion of 
Electrograms: Examples

Different patterns of 
drivers electrograms

illustrating the 
comlexityof the 
visualanalysis



Drivers ablationVs classicalapproach: 
Betterefficacywith shorterablation

105 pts

Seitz J, Bars C, Theodore G, Kalifa J et al.
J Am CollCardiol. 24;69(3):303-321. 2017 Jan

85 % free from AF/AT 1.4 procedures/pt

But the detection of drivers was
basedon EGM visualanalysisΧ

46 pts



Les opérateurs sont limités

Mapping

Family 
Patients 

Staff

FatigueStress

Signal 
Analysis

Manipulation



VX1

Data Base



Double Blind Tests











The «Reader» Study

Å14370electrograms
ÅThree commerciallyavailable

mappingcatheters
Å9 patients

Dataset
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Methods



The «Reader» Study

- Electrograms adjudicated as non-dispersed by each of the

three readers are considered ñnon-dispersedò;

- Electrograms adjudicated as dispersed by one reader only

are considered ñlittle dispersedò;

- Electrograms adjudicated as dispersed by two readers are

considered ñlikely dispersedò;

- Electrograms adjudicated as dispersed by each of the three
readers are considered ñvery likely dispersedò.

Methods



The «Reader» Study

Three histograms of

electrograms:

- those annotated by VX1 as

blue (normal zone),

- those annotated by VX1 as

orange (region of interest)

- those annotated by VX1 as

red (region of special

interest).



The «Reader» Study
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Paired Comparison Operators-VX1

Conference Room Limited
Time
Unlimited Time

Average (STD) Unlimited
Time
Average (STD) Limited
Time (Conference Room)

Operator-VX1 Agreement: Limited vs. Unlimited Time



The «Reader» Study

(i) VX1 adjudicationshighly correlate with the likelihood of

electrogramsto beclassifiedasdispersedby a groupof trained

operatorswith unlimitedtime.

(ii) Agreementlevels are much higher when operatorsare given

unlimitedanalysistime.

(iii) VX1 cannot be distinguishedfrom a trained operator with

unlimitedanalysistimebutworksin a real-time configuration.

VX1 is ableto mimic aspecificclinical expertiseat its best.

Conclusions



Comment le logiciel est-il intégré au 
bloc opératoire?



AF module of Volta software
NeedsmultipolarendocardialAF signals


