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• Cardiopathie Ischémique: quand la morphologie et la physiologie 
se rencontrent

• Cardiopathie structurelle: Parier sur le gagnant?  

• Training: Et si on faisait comme dans l’aviation? 

• Heart team: Fini le héro solitaire bienvenue la caution solidaire 
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FFR virtuelle: methodologie



Quantitative flow ratio (QFR): angiography-based FFR

3D Reconstruction

+ QFR = 0.87

QFRModified Frame Count

Data transferred by network

Standard Angiogram

Two image runs with 
angle difference ≥25°

Without inducing hyperemia

Study Patients/Vessels Accuracy
FAVOR II China [1] 308/332 92.7%
FAVOR II E/J [2] 272/317 86.8%
FAVOR Pilot [3] 73/84 87%
WIFI II [4] 172/255 86%
Mejía-Rentería [5] 248/300 83%
Yazaki, K. [6] 142/151 88.7%

Smit, J.M. [7] 85/255 90%

Spitaleri, G. [8] 45/49 94%

Emori, H. [9] Prior MI (+) 75/75 87%
Prior MI (-) 75/75 92%

Kołtowski[10] 306/268 85.4%
Emori[11] 100/100 94%
Stähli[12] 436/516 93.4%
Smit, J.M. [13] 290/386 86%

Smit, JM [14] Diabetic (+) 82/66 88%
Diabetic (-) 238/193 85%

Hwang, D [15] 264/358 90.8%
Ties, D [16] 96/101 90%
Tanigaki, T[17] 152/233 85%
Choi[18] 452/599 91.2%

[1] J Am Coll Cardiol
[3] [5] [17] J Am Coll Cardiol Interv
[2][15] JAHA

[7] Eur J NuclMed Mol Imaging
[10] Clin Res Cardiol
[11] Coron Artery Dis 

[4] Circ Cardiovasc Imaging
[8] Circ Cardiovasc Interv
[6] [9] Cir J

[12] [16] Int J Cardio
[13] EHJ - Cardiov. Imaging
[14] Am J Cardiol

Tu et al. J Am Coll Cardiol Interv 2016. Xu et al. J Am Coll Cardiol 2017.

QFR: approved for use in China, Europe, and US



FAVOR III China QFR-guided vs. angiography-guided PCI

∆= -3.0%

Conclusion: QFR-guided strategy of lesion selection improved 1-year clinical 
outcomes compared with standard angiography guidance

Xu, Tu, Song…, et al. Lancet 2021



Tu et al. Catheter Cardiovasc Interv 2021
AngioPlus Core （Pulse Medical）

Nouvelle QFR: μQFR sur une seule vue

Single angiographic view

Include side branches

Automated frame counting (by AI)

Improved feasibility

Improved accuracy

Improved efficiency (1 min)



• Angiographie superposition des vaisseaux et raccourcissement
• Optimisation Post-PCI : stent mal-apposition/sous-expansion

Place de l’imagerie endocoronaire



Pour avoir le meilleur des deux mondes

Pourquoi l’OFR? 

OCT

1 procedure & instrumentation

OCT + computed FFR (OFR)  
2 procedures

2 instrumentations séparées

OCT co-registered OFRFFR

2 en 1

OctPlus (Pulse Medical, Shanghai, China)
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1.  Detection automatique des contours 
de l’OCT et reconstruction 3D

B1 B2
B3

B4
B1 B2 B3 B4

OFR = 0.781

0.6

Step 1
Step 2

Step 3

2. Reconstruction 3D en coupant les 
ostia des colaterales

3.  Estimation du flux et de l’OFR

Comment ca marche l’OFR?

Temps d’analyse ≈ 1 minute

Yu, …,Tu. EuroIntervention 2019; 15:189-197



OFR second validation study (Japan single center)

pre-PCI OFR ≤ 0.80 QFR ≤ 0.80 OCT-MLA   
≤1.88 mm2

3D QCA-
DS%>50.7%

Accuracy, % 92 87 76 75

Sensitivity, % 86 88 79 74

Specificity, % 95 87 74 75

PPV, % 92 82 67 66

NPV, % 91 92 84 81

LR+ 18.2 7.0 3.0 2.9

LR- 0.2 0.1 0.3 0.4

AUC 0.97 0.92 0.82 0.80

OFR has the highest 
diagnostic performance212 vessels from Wakayama Medical University

Diagnostic Performance of OFR (with FFR as reference standard)

Huang, ..., Tu.  EuroIntervention. 2020 Jan 21. Epub ahead of print.



Detection automatique des stents et reconstruction par OCT 

Wu,…,Tu. Biomedical Optics Express 2020



MEI showed moderate correlation (r=-0.49, p 
< 0.001) with in-stent OFR drop

Stent expansion et intra-stent chute de pressure

Ding,…,Tu. EuroIntervention 2021



Combinaison OFR  & caractérisation de la plaque

OctPlus (version V2, Pulse Medical, Shanghai, China)
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Expert-result AI-result

Chu,…,Tu.  EuroIntervention 2021

Diagnostic accuracy was 92.2% for main plaque 
compositions (fibrous/calcium/lipid), using 
consensus of three leading international OCT 
reading core labs as reference standard 

Caractérisation de la plaque par IA: Validation
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Zeng,…,Tu. Cardiovasc Diagn Ther 2022

OFR & composition de la plaque

Overestimation: OFR –
FFR > 0.05

Underestimation: FFR –
OFR > 0.05

LPV: lipid plaque 
volume

FPV: fibrous plaque 
volume

CPV: calcified plaque 
volume
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Chu,…,Tu.  EuroIntervention 2021

OCT-derived plaque burden par IA

Excellent accuracy in automatic quantification of plaque burden by AI 

proximal frame    AI-IEL      distal framevalidation of OCT-derived plaque burden



Huang et al.  Cath Cardiovasc Interv 2022

OCT-derived plaque burden by AI: compared to IVUS



Tu et al. EuroPCR 2021, LBT

Un nouvel index de vulnerabilité de la plaque: LCR

LCR  =  lipid-to-cap ratio

TCFA= thin-capped fibroatheroma 
(thinnest fibrous cap<65um & lipid arc>180°)

OctPlus (Pulse Medical, Shanghai, China)



OFR & LCR predits evenements de la lesion non 
coupable

Hong,…,Tu. JACC: Asia 2022
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Cardiopathie structurelle
RM: INOUE



Cardiopathie structurelle IM: 
remplacement versus plastie



Cardiopathie structurelle
RAo: 

remplacement versus plastie



Cardiopathie structurelle
IAo: 

remplacement versus plastie



Cardiopathie structurelle

IT: plastie ou remplacement 



Cardiopathie structurelle: Place de l’imagerie 
+++



Cardiopathie structurelle: du sur mesure
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Ateliers de simulation 

JESFC 2023 GRCI 2022



ACTIF
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Heart team: RCP

Holmes et al. JACC 2020

• Decision solitaire 



Conclusion 

Holmes et al. JACC 2020

• Image ou physiologie

• Morpho-physiologie 
guidée par l’IA

• Peu d’alternative 
therapeutiques

• « trop » d’alternative 
therapeutiquesà
surinformation et 
sens critique +++

• Training par 
compagnonnage • Jamais une première 

fois sur un patient 
(possibilité de simuler les 
complications etc…)

• Decision solitaire 

• Discussion  en heart
team et décision 
solidaire 


