|A et depistage des
malformations cardiaques

E.Quarello

2021




Saliency map Input image

Labeled SM

Grad-CAM

Demain....

A ny L DA
o €<—AA
SvC— ]

™ Trachea

A

i DAo

oA
¥ | VOT/AV

by

<«— LV
<«— VS

ARTICLES

https://doi.org/10.1038/5s41591-021-01342-5

nature .
medicine

An ensemble of neural networks provides
expert-level prenatal detection of complex
congenital heart disease

Rima Arnaout
Anita J. Moon-Grady®

NATURE MEDICINE | VOL 27 | MAY 2021 | 882-891 |

Stomach

1.0

0.8

0.6

0.4

0.2

FETAL-125 true pos. rate

Q.
o

BCH-400 true pos. rate

1234504 | ara Curran'?, Yili Zhao®, Jami C. Levine’?, Erin Chinn'? and

/ " NLvs abnormal

—"3VT (AUC = 0.87)
3VV (AUC = 0.88)
LVOT (AUC = 0.86)
A4C (AUC = 0.88)

— ABDO (AUC = 0.72)

02 04 06 08 1.0
FETAL-125 false positive rate

NL vs abnormal
— 3VT (AUC =0.81)
3VV (AUC = 0.83)

LVOT (AUC =0.79)
A4C (AUC =0.78)

— ABDO (AUC = 0.45)

0

0.2 04 06 08 1.0
BCH-400 false positive rate

o

FETAL-125 true pos. rate

o

True positive rate

1.0

0.8/

0.6

0.4

0.2

NL vs TOF
— 3VT (AUC = 0.98)
3VV (AUC = 0.97)

LVOT (AUC = 0.72)
A4C (AUC = 0.81)

— ABDO (AUC = 0.69)

0

[
02 04 06 08 1.0

FETAL-125 false positive rate

1.0

0.8

0.4 |

0.2

06|

,,,,x'"f)omoosite NL vs abnormal
FETAL-125 (AUC = 0.98)
— OB-125 (AUC = 0.93)

OB-4,000' (AUC = 0.99)
— BCH-400 (AUC = 0.89)

0.2 04 06 08 1.0
False positive rate

A et

diagnostic

(o)
© o o -
I o)) 0 o

FETAL-125 true pos. rate
o
(V!

; NL vs HLHS
~ — 3VT (AUC = 0.95)
3VV (AUC = 0.89)
LVOT (AUC = 0.89)
A4C (AUC = 0.98)
— ABDO (AUC = 0.61)

0

02 04 06 08 1.0
FETAL-125 false positive rate

0.8

True positive rate

Composite NL vs abnormal
— OB-125* (AUC = 0.93)
OB-125t1 (AUC = 0.98, model)
OB-1251 (Clinicians)
OB-125% (AUC = 0.89)
— OB-125§ (AUC = 0.89)

02 04 06 08 1.0
False positive rate




Demain....

IA et dépistage

-

IA et diagnostic




En préambule...
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ISUOG Practice Guidelines (updated): sonographic screening
examination of the fetal heart
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Why are congenital heart defects being missed? Feta‘ Ca rd |a C SC [ | N g

A. E. L. VAN NISSELROOIJ'®, A. K. K. TEUNISSEN!, S. A. CLUR?®@, L. ROZENDAAL?,

E. PAJKRT*, I H. LINSKENS?, L. RAMMELOO?, J. M. M. VAN LITH!, N. A. BLOM’ What Are We (and Our Guidelines) DOmg \/\/rQng?

and M. C. HAAK!
Ultrasound Obstet Gynecol 20205 55: 747-757

Mark Sklansky, MD
. , , . Department of Pediatrics
Comparaison des échos de 58 CHD méconnues vs 56 CHD dépistées Mfﬁelchild,f;nmospiml
David Geffen School of Medicine at UCLA
) . . o _ UCLA Children’s Heart Center
49% des loupes: probleme d’obtention ou de qualite des images Los Angeles, California USA J Ultrasound Med 2016: 35:679-681

Greggory R. DeVore, MD

Department of Obstetrics and Gynecology
David Geffen School of Medicine at UCLA
Los Angeles, California USA

31% des loupés: CHD visibles, défaut d’identification malgré « bonnes images »

20% des loupés: CHD malgré « bonnes images » et anatomie normale

CHD méconnues | CHD dépistées Likewise, fetal cardiac imaging, now having expanded to
include additional views and modalities, needs to take the

qualité > 12 320, 64.% 0 = 0,002 next step, raise the bar still further, and_

zoom suffisant 58% 84.9% p = 0,01
In summary, the time has come for a paradigm shift
qualité 4CV 2,7 3,9 p < 0,001 beyond requisite views and modalities. Fetal cardiac imag-
qualité 3Vx 30 38 0=0,02 ing should no longer be considered as a laundry list of views
v maging ot OWAGIRARERARO tEGUAE
qualité VEG 1,9 3,3 p < 0,001 ging )

e e o S - that may make all the difference.




Why Don't Physicians Follow

. 7. : IR TIOE
Limites a la qualité = L'intervention de I’homme... Clinical Practice Guidelines:

A Framework for Improvement

Michael D. Cabana, MD, MPH
Cynthia S. Rand, PhD

Neil R. Powe, MD, MPH, MBA
Albert W. Wu, MD, MPH
Modena H. Wilson, MD, MPH
Paul-André C. Abboud, MD
Haya R. Rubin, MD, PhD

JAMA, October 20, 1999—Vol 282, No. 15

Figure. Barriers to Physician Adherence to Practice Guidelines in Relation to Behavior Change
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retandin i mitations of Fetal Education in obstetrical ultrasound - an important factor Barriers to Sonographer Screening for
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Cardiac Imaging disease
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Barrieres au dépistage des cardiopathies congénitales

Physician Barriers and Facilitators for Fetul curdiac screening and
Screening for Congenital Heart varidtion in prenuful detection Prenatal detection of critical cardiac outflow tract anomalies
Disease With Routine Obstetric rates of conygenitul heart disedse: remains suboptimal despite revised obstetrical imaging
Ultrasound why bother with screening at dll? guidelines
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A National United States Survey
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/ | | | - Machine Learning in Fetal Cardiology: Digital medicine
Artificial Inte”'gen?e In Cardiovascular Imaging: What to Expect More than meets the Al: refining image acquisition and resolution
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Routine Echocardiography and
Artificial Intelligence Solutions

A et depistage des cardiopathies congénitales ..o mwom ssommm

Evaluation of deep convolutional

Automatic quality assessment for 2D fetal neural networks for automatic . . . . .
sonographic standard plane based on multitask classification of common maternal Fast and accurate view classification of echocardiograms using
learning deep learning
Bo Zhang, MD? Han Liu, BEng®, Hong Luo, MD™"®, Kejun Li, BEng® fetal U It ra SOU nd pla nes Ali Madani', Ramy Arnaout?, Mohammad Mofrad @' and Rima Arnaout®
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Perspectives d'avenir...

@ GE Healthcare

Le consortium francais Al DReAM

Accélérons le développement de I'lA en imagerie médicale

—» Deep Learning

Intelligence artificielle €-————=—————————== Machine Learning -



PRODUCT

Task1l: Medical validation of fetal examination

View categories requested for cardiac examination

View categories requested for cardiac examination

Examination is not valid
Some views are missing Provided views correspond to the guidelines

Examination is valid
All the required views are provided Provided views correspond to the guidelines

DIAGNOLY No pathological development suspected

DIAGNOLY

Are there all the fetal views required for a correct screening?



1 - Reconnaitre la PRESENCE / ABSENCE des images requises
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your images
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Please upload or drop ultrasound images corresponding to the following guideline views.
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2 - Reconnaitre la QUALITE des images requises |A et dépistage
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Exemple de la voie d’éjection Gauche

2013

Fetal Echocardiography

AIUM Practice Parameter for the Performance of

American College of Radiology (ACR).

1. Four Chamber View
2. Left Ventricular Outflow Tract

3. Right Ventricular Outflow Tract
4. Three Vessels Trachea View

2013

Ultrasound Obstet Gynecol 2013; 41: 348-359 -Illl
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.12403 —
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ISUOG Practice Guidelines (updated): sonographic screening
examination of the fetal heart
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Figure 5 Left ventricular outflow tract (LVOT) view. This view shows a vessel connected to the left ventricle (LV). It is important to
demonstrate continuity between the interventricular septum and the anterior wall of this vessel, which in the normal heart corresponds to
the aorta. The aortic valve should not be thickened and should be shown to open freely. The aortic valve is closed in (a) and open in (b).
D. Aorta, descending aorta; L, left; LA, left atrium; R, right; RA, right atrium; RV, right ventricle.
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Position du cceur
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The left outflow tract in foetal echocardiography screening:
an audit of practices and quality criteria.
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Maud REGOUIN MD (1), Julien MANCINI MD PhD (2), Mr Antoine LAFOUGE @), Coralie DUMONT MD (1), Nathalie
FONTAINE MD (1), Stéphanie ROUSSIN MD &), Mr Jimmy GUICHARD®), Edwin QUARELLO MD PhD (67)
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Appréciation SUBJECTIVE des Criteres de
qualité de la voie d’éjection Gauche
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Appréciation SUBJECTIVE des Criteres de Approche binaire des criteres
qualité de la voie d’éjection Gauche de qualité 0 / 1
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Demain....

Images fixes
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Demain....
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Demain.... En temps réel A et dépistage
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Demain.... En temps réel A et dépistage
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Conclusion 1A et dépistage

. Nous sommes arrivés a une limite humaine

. Continuer les formations / workshop / Hands on / etc..
. Réfléchir a partager « nos recettes »

. Objectiver la qualité et les criteres de qualité

. Contribuer au dévelappement de I'lA





