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Once upon a time….a long journey





Gene Category Gene HCM DCM / 
NDLVC ARVC AFD / 

hATTR
Sarcomeric MYH7 ●●● ●●● ○ —

MYBPC3 ●●● ○ ○ —

TNNT2 ●●● ●●● ○ —

TNNI3 ●●● ●● ○ —

TPM1 ●●● ●● — —

ACTC1 ●●● ●● — —

TNNC1 ●●● ●●● — —

MYL2 / MYL3 ●●● — — —

Desmosomal / Cytoskeletal DSP ○ ●●● ●●● —

PKP2 — — ●●● —

DSG2 / DSC2 — — ●●● —

JUP — — ●●● —

TTN (truncating) ○ ●●● ○ —

FLNC ●●●  
(missense)

●●● 
(truncating) ●● —

  NEXN ○ ●● — —
  DES ●●● ●●● ●●  

Ion Channel / Ca²⁺ Handling/
Splicing factors

PLN ●●● ●●● ●● —

RBM20 ○ ●●● — —

SCN5A — ●●● ○ —

TMEM43 — — ●●● —

Nuclear Envelope LMNA ○ ●●● ○ —
●●● 

GENES RELATED TO CMPs

Merlo M et al. Adapted and updated from ESC Guidelines on Cardiomyopathies. unpublished



Cardiac-MRI

Major Adverse Arrhythmic Cardiac Events

Strongest predictors: 
• Male sex 
• Higher LV end-

diastolic volume 
index (LVEDVi) 

• Presence of 
extensive midwall 
fibrosis (>3 
segments on 
LGE) 

JAMA 2024;332;(18):1535-1550.



Yehya A, et al. JACC Heart Fail. 2025;13(1):1–13. 

Merlo M, et al. EJHF 2020
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NDLVCUnpublished



Sudden Cardiac Death Main Trials 

Yehya A, et al. JACC Heart Fail. 2025;13(1):1–13. 

DANISH-Trial (2016)

-Inclusion criteria: EF<35% non-ischemic. 
-Follow up: 67 months. 

DANISH-Trial-Age analysis (2017) 

Circulation. 2017;136:1772–1780. 

Extended Follow-Up Analysis of DANISH (2025)

Extended Follow-Up Analysis of DANISH-JACC 2025 JACC; 2025 

2016 N Engl J Med 2016;375:1221-1230



Why EF isn’t enough?
• SINGLE. Older age, frailty, CKD, diabetes, or recurrent HF hospitalization increase non-

arrhythmic mortality — reducing the proportion of deaths that an ICD can prevent. 

• IMPRECISE: arrhythmic risk depends on the substrate, not just pump function. Genetics, 
fibrosis on CMR drive arrhythmic vulnerability independently of EF.  

JACC vol 72, no 6, 2018:591-601



TIME DEPENDENT EVALUATION



CARDYOPATHY MINDSET

THE ERA OF THE SCORES!



Peretto G, Merlo M et al. Eur Heart J 2025
DOI: 10.1093/eurheartj/ehaf477

NDLVC



5 y risk of major arrhythmic event according to genotype 

FLNC score: 39,2%DSP score: 10%LMNA score: 25%NDLVC Score: 15,65%

GENES IN RISK SCORES



ESC 2023 cardiomyopathies guidelines 

DCM/NDLVC: 2023 ESC guidelines



The role of genetics 



INTERPRETABILITY  VUS!!

GENES  DROWBACKS

INTER-DISCIPLINARY TEAMS
ANXIETY AND PSYCHOLOGICAL 
ISSUESRE-CLASSIFICATION



Prevalence of DCM-associated TTNtv: 
0.36% to 0.5% 

≤37.5 million people may carry a DCM-
associated TTNtv and potentially at an 
increased risk of developing heart failure and 
cardiac arrhythmia Schafer et al., Nat Gen, 2017

Akinrinade et al., Plos One, 2015

15-20%
TTN

REGISTRIES
«phenotype-first»

GENERAL POPULATION
«genotype-first»

DROWBACKS – referral centers



TRIESTE DCM REGISTRY
Overt phenotype

GENERAL POPULATION
Genetic background

Asatryan et al, JACC HF, 2023
Shah et al., Circulation, 2022

PENETRANCE
VARIABLE EXPRESSIVITY

REGISTRIES                  

DROWBACKS – referral centers



Diagnostic yield in the current era of whole genetic testing 

THE MAJORITY OF CARCIOMYOPATHY PTs IN 
CLINICAL PRACTICE ARE GENE ELUSIVE!!



POLYGENIC RISK SCORES

Curr Cardiol Reports 2025



DCM/NDLVC:
MULTIPARAMETRIC APPROACH

deep phenotype the gene!



FIMILY HISTORY

Detailed categories

No FH

FH-CMP only

FH-SCD only

FH-CMP + FH-SCD

  Highest risk:  
  combined FH-CMP + FH-SCD

This supports a graded familial burden: the 
highest risk appears when cardiomyopathy 
and sudden death coexist in the pedigree.

Unpublished

SHARE REGISTRY – 2545 PATIENTS





NDLVC

Radesich C, ….Merlo M, SUBMITTED



NDLVC

Burelli M, ….Merlo M, SUBMITTED



Heart 2017;0:1–7. doi:10.1136/
heartjnl-2016-311017  

GENES IN NATURAL HISTORY: LVRR





The Copernican revolution

EF-
Centric Multiparametric 

approach



We need a multiparametric approach! 

Garoia F. ..Merlo M., Sinagra G. et al, 2025 (Springer Book- Cardiomyopathies 
in Practice-From Deep Phenotyping to Precision Medicine-Submitted)



Future directions

Nature, 2024. Kolk at 
al.
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