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Cardiac Magnetic Resonance is the optimal technique to assess the Phenotype of Cardiomyopathies andcardiac diseases.
• Morphological phenotype
• Functional phenotype
• Tissue phenotype : fibrosisedemafat infiltration\metaplasiacalcific metaplasiaperfusion defectsamyloid-depositiron- overloadintracellular fat overloadwith conventional T1w T2w LGE pulse sequence + T1- T2- T2* -ECV mapping

Cardiac Magnetic Resonance and Phenotype



Late Gadolinium enhancement

Normal interstitium Enlarged interstitium
Gd Gd GdGd

Gd
Different bucketsSame ‘Holes’

Fast wash-outno LGE

Slow wash-out LGE

Gd-based c.m. are not specific marker fibrosis!!!LGE is secondary to all the causes that increase of Volume ofDistribution of Gd



Hypertrophic Cardiomyopathy: MRI and Phenotype
RV hypertrophy Apical Aneurysm Sub-mitralic apparatus

Elongated AML Papillary muscleanomaly Crypts

LAD bridge



Prognostic role of apicalaneurysm in HCM



Hypertrophic Cardiomyopathy

Septal

Diffuse

Apical

Midwall LGE in hypertrophic segments



Late Enhancement in HypertrophicCardiomyopathy:Prognostic role of prevalence

Olivotto2010Adabag2008 Bogaert2003 Moon2003Fumitaka2010 Aquaro2010

Average Age

41% 51%
63% 70%

82% 80%

Late enhancement was evidenced in 51-80% HCM patients Green, JACC imaging 2012



B.E. 32y 2008 B.E. 34y 2010
JACC 2012

In 3 years:
LGE prevalence in 80% 95% of HCM
LGE extent from 13±16 25±30 grams

Late Enhancement in HypertrophicCardiomyopathy:Prognostic role of extent



ESC guidelines 2014

O’Mahony, Eur Heart J 2014



Chan, Circulation 2014

Late Enhancement in HypertrophicCardiomyopathy:Prognostic role of extent



AJC 2019

Low-intermediate 5-yearHCM risk- score (<6%)

Prognostic role of extent!



AHA/ACC guidelines 2020



LGE Dispersion Mapping: 3 intensities mode

Open Day Imaging Lab, 24/09/2022 13Aquaro, Circ Cardiovasc Imaging 2020

Radiomics in post processing: second order metrics



Aquaro, Circ Cardiovasc Imaging 2020
Prognostic role of LGE Dispersion!



Cardiac Amyloidosis
Late gadolinium enhancement: diagnostic role

1’ 2’

4’ 7’7’

•Diffuse subendocardialenhancement
•early darkening of LV cavity••Abnormal myocardial nulling
•septal subepicardial enhancement
•atrial and RV wall enhancement

Prevalence of LGE Pattern incardiac amyloidosis
Specificity 100%Sensitivity 85%



Cardiac Amyloidosis: CMR
Late gadolinium enhancement

Fontana et al, Circulation 2015

119 with systemic AL amyloid, only 7 confirmed cardiac involvement by EMB
122 ATTR amyloidosis, DPD-SPECT in % unknown

Pts with negative LGE:normal LV wall thickness, no ecg signs, normal BNP, notroponin elevation



LGE(late manifestation)
IntracellularGlobotriaosylceramideoverload(NO LGE)

Pattern of LGE in Fabry disease
Myocitesnecrosis

Moon, Eur Heart J, 2003



Weideman et al circulation, 09

LGE and Enzyme-Replacement Therapyin Fabry disease



No-LGE

LGE

Non sustained VT, sustained VT, sudden cardiac death

Kramer, AJC 2014

Annual increase in LGE was:0.9±0.6% in patients with MVAs0.2± 0.3% in patients without MVAs(p <0.001).



Open Day Imaging Lab, 24/09/2022 20

Non Ischemic Dilated Cardiomyopathy: LV dysfunction and Dilation

Cardiovascular Death Sudden Cardiac Death

Kober, NEJM 2016

LVEF ≤35%
ICD does not improve survival in pts di DCM

MADIT I&II trials: EF<35%  ICD implantation



47%

39%

14%

62%

8%

7%

23%

No LGE: 65-75%

Non ischemic LGE: 25-35%

Ischemic LGE: 0-5%

LGE in Dilated Cardiomyopathy

Halliday BP JACC Cardiovasc Imaging 2019



Prognostic role ofLGE presence:OR 5.46

MAJOR CARDIOVASCULAR EVENTS



VENTRICULAR TACHYARRHYTHMIC EVENTS

REVERSE REMODELLING

Prognostic role ofLGE presence:OR 4.5

LGEOR 0.15



Halliday BP et al. Circulation. 2017;135(22):2106-2115.

399 DCM Patients with LVEF ≥40%median-LVEF: 50% [IQR 46%-54%]LGE+: 25.3%median-FUP: 4.6YPrimary endpoint: SCD/aborted-SCD

Prognostic role ofLGE presence inmild-moderatedysfunction



Halliday BP et al. JACC Cardiovasc Imaging. 2019; 12(8 Pt 2):1645-55.

874 DCM Patientsmean-FUP: 4.9Y [IQR 3.5-7]Primary endpoint: all-cause mortalitySecondary endpoint: SCD/aborted-SCD

Prognostic role ofLGE pattern:Midwall septal LGE



386 pts with Acute Myocarditis and preserved EF

Prognostic role ofLGE pattern:Midwall septal LGE



LGE Dispersion Mapping in DCM: 2 intensities mode

Open Day Imaging Lab, 24/09/2022 27

Low LGE areas High GDSareas

High LGE areas Low GDS areas

Cardiac Arrest during FU

No event during FU

Quantitative LGE: 5%

Quantitative LGE:20%



LGE Dispersion Mapping in DCM

28

Low GDS

High GDS

Follow-up (years)

Low GDS

High GDS

Follow-up (years)
P<0.0001 P=0.0002

510 pts with DCM
Whole population DCM with EF>35%



MRI IN ARVC
Lone RV involvement with RV dysfunction/RV dilation



MRI IN ARVC
Lone RV involvement without RV dysfunction/dilation

*

SSFP: Systole SSFP: Diastole FSE

SSFP LGE



MRI IN ARVC
Biventricular involvement with fibrous-fattyinfiltration, Wall motion abnormalities of RV walls

SSFP: Systole SSFP: Diastole FSE

SSFP: Systole SSFP: Diastole LGE

* *



MRI IN ARVC
LV dominant/LV lone involvement with fibrous-fatty infiltration and/orWall motion abnormalities
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Combined Endpoint(SCD, aborted cardiac arrest, appropriate ICD intervention)
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Number at riskBiventricular 55 37 22 7 5 1 0 0
LV dominant 16 6 0 0 0 0 0 0
Lone RV 54 43 25 14 7 2 0 0Negative CMR 15 12 8 4 1 1 1 0

LV dominant

Biventricular

Lone RV

Negative CMR

P<0.0001

MULTICENTER STUDY: 140 pts with definite ARVC/D at CMR

Aquaro, JACC 2020

Prognostic role of LVLGE presence



Smith, Circulation 2020

DSP 60% LV involvementPKP20% LV involvementPrognostic role of LVLGE presence



Conclusions
LGE is an important prognosticator in cardiac diseases
Its prognostic role depends on pattern of distributionand extent with different weight in different cardiacconditions



Prognostic role of LGE in different Cardiac Diseases

1) Presence\absence of LGE: DCM, Fabry, ARVC
2) Pattern of distribution of LGEDCM (midwall septal),Amyloidosis (transmural), Myocarditis (midwall septal),
3) Extent of LGEHCM (>15%), IHD
4) Evolution of LGEHCM (LGE-rate)



Conclusions
LGE is an important prognosticator in cardiac diseases
Its prognostic role depends on pattern of distributionand extent with different weight in different cardiacconditions
In all the cardiac diseases, LGE has a great negativepredictive value (NPV) for predicting cardiac events
The prognostic weight of LGE is greater in EF-preserved conditions or in those with low-moderatedysfunction
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