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ESC GUIDELINES
@ E S C European Heart Journal (2021) 00, 1—128

European Society doi10.1093/eurheartj/ehab368
of Cardiology

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association
(HFA) of the ESC

selected patients

AT

evaluate the corenary anatomy.

Myocardial perfusionfischaemia imaging (echocardiography, CMR, SPECT, or PET) should be considered in patients thought to have CAD,
and who are considered suitable for coronary revascularization, to determine whether there is reversible myocardial ischaemia and

viable myocardium.

“ .. CMR is recommended to evaluate cardiac structure .
. 59 Hopital Lariboisiére
and function. ‘Q MIRACL 5 m Fernand-widal
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Role of CMR
Heart faillureandcardiomyopathy

SUSPECTED NON-ISCHEMIC CARDIOMYOPATHY

Cardiac Magnetic Resonance
(Initial Assessment for Diagnosis and Risk Stratification)

Late Gadolinium Enhancement
(Assessment of Pattern of Myocardial Damage Burden)
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(lnﬁammation Edema)
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(Function Sin Mass) (Fibrosis, Othef)

\\

T2*-mapping
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Cine-CMR
Left ventricleparameters

LVparameters
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Myocardial fibrosis
Two types ofmyocardiafibrosis
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Myocardial fibrosis
Two types ofmyocardiafibrosis

Replacementfibrosis Diffuseinterstitial fibrosis
(focalmyocardialscay

Native T1 mapping ECV mapping
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Replacement fibrosis in CMR
Whatisthe Lategadoliniumenhancemen{LGE)?

MYOCYTES

ESSISTANCE HOPITAUX
UBLIQUE DE PARIS




Replacement fibrosis in CMR
Whatisthe Lategadoliniumenhancemen{LGE)?
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Replacement fibrosis in CMR
Whatisthe Lategadoliniumenhancemen{LGE)?

AMYLOID

"LGE = focahcreaseof the extracellularvolume"
I.e. myocardialnecrosisfibrosis myocardialedema amyloid

. Hopital Lariboisiére
deposits.. / MahrholdtH et al , EHJ 2005 “‘Q MIRACL.ai E Fernand-Widal

AP-HP




Prognostic value of LGE
HFpERpatientswith LV hypertrophy/ HCM
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Prognostic value of diffuse interstitial fibrosis
T1/ECV mapping
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T2* mapping
Hemochromatosis
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Multimodality ImagingResearchor Analysis
CoreLaboratoryand Artificial Intelligence
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IJI"-;EI;,\ !. Y 1[:7:Xo @e](cIMEl) Multimodality ImagingResearchor AnalysisCoreLaboratoryand Artificial Intelligence

Pseudonymisation
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7‘°Cm

Scanner
Echographie Angiographie

IRM ECG Annotations Validation et
ﬁﬁ& Analyse A83YSyilGA2yaX developpement Classification
et post-traitement RQlIt 32NAuUKY Q . .

diagnostique
par des experts @ avec ou sans IA
MIRACL ai O =
: & - o il o
o) m— N — — g - AT -
—‘ v 203
[ \ v ITs
7 — R -
Sto Ck"?‘g,e CR standardisé Base de données k= ‘ E Vj\elﬁlru?gﬁgs?ie lljae
securise structurée P .
(nombreuses pathologies
avec plusieurs modalités l

par patient)

Publications

ASSISTANCE HOPITAUX
PUBLIQUE DE PARIS




MIRACL.ali .
Plateforme de recherche académiquenilti-centresR QSELISNE A &S [/ | !

43 CFU
AMIENS
C PICARDIE

Hopital Lariboisiere
Fernand-Widal
AP-HP

Eop” ROUEN NORMANDIE

B
(') NSTIUT e CHGU

ASSISTANCE HOPITAUX
PUBLIQUE DE PARIS




Imaging Biomarkers in HF
LVStrain

GLS
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Imaging Biomarkers in HF
LAStrain

CMR-Feature Tracking LA Strain in Dilated Cardiomyopathy

Conduit Booster Multivariable Adjusted Analysis
Outcome: sudden/cardiac death, HF hospitalization and life-threatening arrhythmias

Reservoir  Passive atrial
LA filling LV filling  kick

-— -
- HR[95% CI] P Value
X
E NYHA functional class >Il 70 1.81[1.05-3.12] 0.033
[
b LGE presence 189 . 2.33[1.42-3.85] < 0.001
Time (ms) LA-strain (conduit) <12% 241 I = 1 3.65[2.01-6.64] < 0.001
01 3 5
) o ) ) HR [95% ClI]
LA Conduit Strain is a Strong Independent Prognostic Predictor, Superior to Left
Ventricular Strain, LVEF and LA Volume Index, and Incremental to LGE
P < 0.001 P <0.001
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® NYHA + LGE = NYHA + LGE + LA Conduit Strain
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Imaging Biomarkers in HF

Hemodynamidorces Medisimaging
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Imaging Biomarkers in HF
4D Flow Components akdneticEnergy

Hoépital Lariboisiére
. . & MIRACL.ai Fernand-Widal
AP-HP




Imaging Biomarkers in HF
4D Flow Components amkdneticEnergy
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Imaging Biomarkers in HF
4D Flow Components akdneticEnergy
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Imaging Biomarkers in HF
4D Flow Components amkdneticEnergy

DCM EF 16% IHD antero-apical infarct
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Innovations in CMR
3D HighResolutionLGEsequence

Conventional LGE

High-resolution LGE
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Innovations in CMR
3D HighResolutionLGEsequence

CENTRAL ILLUSTRATION: Diagnostic Changes Introduced by HR LGE
Imaging (172 Patients With Both Conventional CMR and HR LGE Imaging)

CONVENTIONAL CMR

CMR WITH HR-LGE
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Lintingre, P.-F. et al. J Am Coll Cardiol Img. 2020;13(5):1135-48.

A 172 patients with MINOCA
A andnegativeor inconclusive
conventionalLGE

Changes in finadliagnosis
for 26% of patients with
MINOCA!
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Nouvel index de couplage OG/VG

coupling index (LACI)

Left atrioventricular

Most powerful
prognosticimaging
biomarker
to predictthe risk of

HFpEF

LACI =anyLA or LV
Imagingbiomarkers

Cumulative incidence of HF (%)

Cumulative incidence of HF (%)

= LACI £ 30%
5 == LACI > 30%
4
HR =4.47 (2.57-7.79)
3 p <0.001
2
1
0
0 i 2 3 4 5 6 7
Years of follow-up
Number at risk
=-| 1571 1566 1547 1517 1489 1445 1332 606
= 679 669 654 635 617 594 549 211
= ALACI < 1.5%/year
5 «= ALACI > 1.5%/year
4
HR = 3.42 (1.96-5.97)
p <0.001
2
1
0
0 i 2 3 4 5 6 7
Years of follow-up
Number at risk.
=-| 1627 1620 1597 1565 1531 1489 1378 600

-| 623 615 604 587 575 550 503 217

B Patient 1 Patient 2 Patient 3 Patient 4
LA EDVi = 10 ml/m? LA EDVi = 10 ml/m? LA EDVi = 10 ml/m? LA EDVi = 10 ml/m?
LV EDVi = 88 ml/m? LV EDVi = 72 ml/m? LV EDVi = 54 ml/m? LV EDVi = 39 ml/m?

11.2% 25.6%
(1t quartile LACI) (2" quartile LACI) ( ) (4 quartile LACI)

LACI = LA EDVi/LV EDVi

10.0% 13.3% 20.0% 26.7%
(1t quartile LACI) (2" quartile LACI) ( ) (4* quartile LACI)

Patient 5 Patient 6 Patient 7 Patient 8
LA EDVi = 6 ml/m? LA EDVi = 8 ml/m? LA EDVi = 12 ml/m? LA EDVi = 16 ml/m?
LV EDVi = 60 ml/m? LV EDVi = 60 ml/m? LV EDVi = 60 ml/m? LV EDVi = 60 ml/m?

Pezel T, et al. Hypertension. 2021;73(3):661.

Pezel T, et al. Front Cardiovasc Med. 2021;8:704611.

Pezel T, et al. Radiology. 2022;303(2)c2b(

Pezel T, et al. Arch Cardiovasc Dis. 2022; 951 4;25.

Pezel T, et al. Front Cardiovasc Med. 2022 21;9:1066849.

Pezel T, et al. JACC Cardiovasc Imaging. 2023;-$188@3)0011-2.
Pezel T, et aDiagnintervImaging. 2023:52219684(23)0014@
Pezel T, et al. EHJ CV imaging, 2024, accepted
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