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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 failure and cardiomyopathy

SUSPECTED NON-ISCHEMIC CARDIOMYOPATHY

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

Late Gadolinium Enhancement
(Assessment of Pattern of Myocardial Damage Burden)

n.
(lnﬁammation Edema)

/

T1-mappi
(Function Sin Mass) (Fibrosis, Othef)

\\

T2*-mapping
(lron)

Patel, AR, et al. JACC 2017 \ ":2 MIRACL 4 m

Hopital Lariboisiére
Fernand-Widal
AP-HP




Cine-CMR
Left ventricle parameters

LV parameters

- HFpEF = LVEF 2 50%
- LV ED volume (LV dilation if >100 ml/m?)




Myocardial fibrosis
Two types of myocardial fibrosis

e NG AT

Replacement fibrosis Interstitial fibrosis Mixture

Hopital Lariboisiére
i Fernand-Widal
Braunwald's Heart Disease textbook, 11TH Edition. 2018 \ (Q MIRACL ai E Apr.qun '




Myocardial fibrosis
Two types of myocardial fibrosis

Replacement fibrosis Diffuse interstitial fibrosis
(focal myocardial scar)

.
A

Native T1 mapping

ECV mapbing
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Replacement fibrosis in CMR
What is the Late gadolinium enhancement (LGE)?

MYOCYTES
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Replacement fibrosis in CMR
What is the Late gadolinium enhancement (LGE)?

-1 MYOCYTES
——= ﬁ

GADO after 10 min (LGE) — =
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Replacement fibrosis in CMR
What is the Late gadolinium enhancement (LGE)?

AMYLOID

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

. Hopital Lariboisiére
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Prognostic value of LGE
HFpEF patients with LV hypertrophy / HCM
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LGE absent
LGE < 10%
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/ Chan et al. Circulation 2014 \
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Prognostic value of diffuse interstitial fibrosis
TI1/ECV mapping
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T2* mapping
Hemochromatosis
T2*: 34ms T2*: 17ms T2%: 13ms T2*; Sms
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T2*mapping mid-septal (ROI) :
* norme 2 20 ms
e Hemochromatosis < 20 ms
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Q MIRACL.a

Multimodality Imaging Research for Analysis
Core Laboratory and Artificial Intelligence
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I:'-.___- !' I 7Yo M@elgsl®=le Nultimodality Imaging Research for Analysis Core Laboratory and Artificial Intelligence

Pseudonymisation
et Transfert sécurisé des données

’fLO

Scanner
Echographle Anglograph|e

IRM Annotations, Yalidation et
& Analyse segmentations... développement Oﬁ Classification
et post-traitement d’algorithmes L Q
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par des experts @ avec ou sans IA
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MIRACL.ai
Plateforme de recherche académique « multi-centres d’expertise CHU »

43 CHU
AMIENS
C PICARDIE
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Imaging Biomarkers in HF
LV Strain
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Imaging Biomarkers in HF
LA Strain

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
o 60 : . 0.8 08+ ' L
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® NYHA + LGE = NYHA + LGE + LA Conduit Strain
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Apical-basal HOF (%)

Imaging Biomarkers in HF
Hemodynamic forces (Medis imaging)
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Cardiac cycle

/ Andreea A et al. LV hemodynamic forces in Systemic Sclerosis patients, in preparation
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Imaging Biomarkers in HF
4D Flow Components and Kinetic Energy
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Imaging Biomarkers in HF
4D Flow Components and Kinetic Energy
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Imaging Biomarkers in HF
4D Flow Components and Kinetic Energy

| Myocyte & myocardial | .
A systolic dysfunction | Direct flow
1 activation of :

remodelling factors l J bioenergetics

Dilated, impaired
left ventricle

h N

Residual 1 Cellular and chamber |
e | remodelling
ASSISTANCE HOPITAUX

/ Stoll V et al. European Heart Journal, 2017 PUBLIQUE Q DE PARIS

™ mechanical stretch T ™ metabolic demand




Imaging Biomarkers in HF
4D Flow Components and Kinetic Energy

DCM EF 16% IHD antero-apical infarct

AP-HP

Study in progress for HFpEF... S JUTRE © [t



Innovations in CMR
3D High-Resolution LGE sequence
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'\‘ 3D-HR LGE: voxel size 1.25 x 1.25 x 2.5 mm
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Innovations in CMR
3D High-Resolution LGE sequence

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

Definite AM
N = 46 (27%)

Definite AM
N =32 (19%)

Definite TT Definite TT
N =13 (8%) N =13 (8%)

Others Others
N =2 (1%) N=1(01%)

Definite diagnoses

Definite Ml Definite Ml
N =39 (23%) N = 62 (36%)

Negative CMR Negative CMR
N = 54 (31%) N = 48 (28%)

AM or MI AM or MI
N =14 (8%) N=101%)

MI or Negative
N =0 (0%)

MI or Negative
N =4 (2%)

Mlor TT Mlor TT
N =2 (1%) N =0 (0%)
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AM or Negative AM or Negative
N =12 (7%) N =1(01%)

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

172 patients with MINOCA
and negative or inconclusive
conventional LGE

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

Left atrioventricular coupling index (LACI)

LACI

Most powerful
prognostic imaging
biomarker
to predict the risk of
HFpEF

LACI > any LA or LV
imaging biomarkers

Cumulative incidence of HF (%)

Cumulative incidence of HF (%)

__Volume TD OG (ml)

"~ Volume TD VG (ml)

= 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

Patient 4

LA EDVi = 10 ml/m?
LV EDVi =39 ml/m?

Patient 3

LA EDVi = 10 ml/m?
LV EDVi = 54 ml/m?

Patient 2

LA EDVi = 10 ml/m?
LV EDVi = 72 ml/m?

B Patient 1

LA EDVi = 10 ml/m?
LV EDVi = 88 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 8

Patient 6 Patient 7

LA EDVi = 8 ml/m?
LV EDVi = 60 ml/m?

Patient 5

LA EDVi =6 ml/m?
LV EDVi = 60 ml/m?

LA EDVi = 16 ml/m?
LV EDVi = 60 ml/m?

LA EDVi = 12 ml/m?
LV EDVi = 60 ml/m?

Pezel T, et al.
Pezel T, et al.
Pezel T, et al.
Pezel T, et al.
Pezel T, et al.
Pezel T, et al.
Pezel T, et al.
Pezel T, et al.

Hypertension. 2021;78(3):661-671.

Front Cardiovasc Med. 2021;8:704611.

Radiology. 2022;303(2):317-26.

Arch Cardiovasc Dis. 2022;115(8-9):414-25.

Front Cardiovasc Med. 2022 21;9:1066849.

JACC Cardiovasc Imaging. 2023; S1936-878X(23)00112-2.
Diagn Interv Imaging. 2023:52211-5684(23)00146-8

EHJ CV imaging, 2024, accepted
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