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Role of CMR 

Heart failure and cardiomyopathy

Patel, AR, et al. JACC 2017
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- HFpEF→ LVEF ≥ 50%
- LV ED volume (LV dilation if >100 ml/m2)  

LV parameters

Cine-CMR

Left ventricle parameters



Myocardial fibrosis

Two types of myocardial fibrosis

Braunwald's Heart Disease textbook, 11TH Edition. 2018
 



Myocardial fibrosis

Two types of myocardial fibrosis

Adapted from Pezel T., et al. JACC Cardiovasc Imaging. 2021
 

Replacement fibrosis
(focal myocardial scar) 

Diffuse interstitial fibrosis

Native T1 mapping ECV mapping



Replacement fibrosis in CMR

What is the Late gadolinium enhancement (LGE)?

Collagen

MYOCYTES



Collagen

MYOCYTES

Fibroblasts
FIBROSIS (collagen)

GADO after 10 min (LGE)

Replacement fibrosis in CMR

What is the Late gadolinium enhancement (LGE)?



Replacement fibrosis in CMR

What is the Late gadolinium enhancement (LGE)?
Contrast Enhancement

NSTEMI

DCM

STEMI

AMYLOID

MYOCARDITIS

HCM

"LGE = focal increase of the extracellular volume"
i.e. myocardial necrosis, fibrosis, myocardial edema, amyloid
deposits... 

Mahrholdt H et al , EHJ 2005 



Prognostic value of LGE  

HFpEF patients with LV hypertrophy / HCM

Chan et al. Circulation 2014



Prognostic value of diffuse interstitial fibrosis

T1/ECV mapping

Shuang L, et al. JACC CV Imaging 2021

777 patients



T2* mapping 

Hemochromatosis

Torlasco et al. PLoS ONE 2018 
 

JFICV 2018 Beaune

Autres cardiomyopathies

Surcharge en fer 

Une des seules véritables 
applications du T2* mapping que 

l’on considère le « gold standard »

De gauche à droite : témoin sain, 

légère surcharge en fer, 

surcharge modérée et surcharge 

sévère

Noter, néanmoins, la bonne 

performance du T1 mapping, 

même si celui-ci n’a pas été

validé officiellement encore Torlasco et al. PLoS ONE 2018;13(2):1-10T2*mapping mid-septal (ROI) : 
• norme ≥ 20 ms
• Hemochromatosis < 20 ms



Multimodality Imaging Research for Analysis
Core Laboratory and Artificial Intelligence
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Multimodality Imaging Research for Analysis Core Laboratory and Artificial Intelligence

ECG

Pseudonymisation
et Transfert sécurisé des données

Stockage
sécurisé

IRM

Scanner

Angiographie

Analyse 
et post-traitement 

par des experts 

Echographie

MIRACL.ai

Annotations, 
segmentations…

CR standardisé Base de données 
structurée

(nombreuses pathologies 
avec plusieurs modalités 

par patient)

Validation et 
développement 
d’algorithmes 

avec ou sans IA

Classification 
diagnostique

Evaluation de la 
valeur pronostique

Publications

Core Lab



MIRACL.ai
Plateforme de recherche académique « multi-centres d’expertise CHU »



Imaging Biomarkers in HF

LV Strain

Schuster A et al. Circ CVI 2016

Strain longitudinal 

Strain radiaire 
Strain circonférentiel 

Torsion



Imaging Biomarkers in HF

LA Strain

Raafs AL, et al. JACC Cardiovascular Imaging. 2022;15(6):1015-1026



Imaging Biomarkers in HF

Hemodynamic forces (Medis imaging)

Andreea A et al. LV hemodynamic forces in Systemic Sclerosis patients, in preparation



Imaging Biomarkers in HF

4D Flow Components and Kinetic Energy



Imaging Biomarkers in HF

4D Flow Components and Kinetic Energy



Imaging Biomarkers in HF

4D Flow Components and Kinetic Energy

Direct flow

Residual
volume

Stoll V et al. European Heart Journal, 2017



Imaging Biomarkers in HF

4D Flow Components and Kinetic Energy

Study in progress for HFpEF…



Innovations in CMR 

3D High-Resolution LGE sequence

Toupin S, Pezel T, Bustin A, Cochet H. JMRI. 2021

3D-HR LGE: voxel size 1.25 × 1.25 × 2.5 mm



Innovations in CMR 

3D High-Resolution LGE sequence

• 172 patients with MINOCA 
• and negative or inconclusive

conventional LGE

Changes in final diagnosis
for 26% of patients with 

MINOCA! 



Nouvel index de couplage OG/VG

Pezel T, et al. Hypertension. 2021;78(3):661-671. 
Pezel T, et al. Front Cardiovasc Med. 2021;8:704611.
Pezel T, et al. Radiology. 2022;303(2):317–26.
Pezel T, et al. Arch Cardiovasc Dis. 2022;115(8–9):414–25.
Pezel T, et al. Front Cardiovasc Med. 2022 21;9:1066849. 
Pezel T, et al. JACC Cardiovasc Imaging. 2023; S1936-878X(23)00112-2.
Pezel T, et al. Diagn Interv Imaging. 2023:S2211-5684(23)00146-8
Pezel T, et al. EHJ CV imaging, 2024, accepted 

 

LACI= 
𝐕𝐨𝐥𝐮𝐦𝐞 𝐓𝐃 𝐎𝐆 (𝐦𝐥)

𝐕𝐨𝐥𝐮𝐦𝐞 𝐓𝐃 𝐕𝐆 𝐦𝐥

Left atrioventricular coupling index (LACI)

Most powerful
prognostic imaging

biomarker
to predict the risk of 

HFpEF

LACI > any LA or LV 
imaging biomarkers



Thank you
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