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CM phenotype Adults Children

HCM
Prevalence:

0. 2%

Childhood incidence: 0.002–
0.005%
Childhood prevalence: 0.029%

DCM
Prevalence:

0.036 –
0.400%

Childhood incidence: 0.003–
0.006%
Childhood prevalence: 0.026%
Infantile incidence: 0.038–
0.046%

NDLVC To be
determined

To be determined

ARVC
Prevalence:

0.078%

Very rare in infancy and early
childhood; to be determined in  older 
children and adolescents

RCM Rare Childhood incidence: 0.0003%

2023 ESC   Guidelines for the management of cardiomyopathies
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad 194)

EPIDEMIOLOGY



DILATED CARDIOMYOPATHY - DEFINITION



• TTNtv (11-25%)
• LMNA (4-8%) 
• Sarcomero: TNNT2 (3%)
• FLNC (2-4%)
• RBM20 (1-5%)
• SCN5A (2-3%)

McNally & Mestroni, Circ Res. 2017

DCM: genotypes



TTN and SARC 
variants were mostly 
associated with the 

DCM phenotype, 
whereas PKP2 variants 

were mostly
associated with ARVC 

or ALVC/BiV.
A more heterogeneous 

phenotypic 
distribution was 

detected for: DSP, 
LMNA and FLNC.

 Notably, at the end of 
the follow-up period, 39 
patients with DCM (17% 
of the DCM cohort) met 

the criteria for ALVC/
BiV diagnosis. In 

particular, TTN (17%), 
DSP (15%), LMNA 

(21%), and FLNC (22%) 
carriers initially 

affected by DCM tended 
to convert their 

phenotypes.
Paldino A, et al. J Am Coll Cardiol. 2022 

Genotype 
– centered 
approach



DCM

ARVC
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▪ Structural support for the core
▪ Maintenance of nuclear structural 

integrity and organization
Resistance to mechanical stress
DNA replication and repair processes
Regulation of gene expression and signaling
Cell cycle regulation, chromatin 
organizzation
Cell differentiation and apoptosis

Taylor et al. JACC 2003; Carmosino M et al. Biol. Cell 2014; Maggi L et al. Int J Mol 
Sci. 2021

Lamin A/C
• 664 amino acids, 12 exons, 74139 Da

• High penetrance

• Missense and LoF



LMNA gene
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Laminopathies  
spectrum

Malashicheva A. Front Cell Dev Biol. 2021

Worman HJ. J Pathol. 2012



Coinvolgimento Neurologico

LGMD1BEDMD2



Cardiolaminopathies CONDUCTION ABNORMALITIES
First-, second-, and third-degree atrioventricular (AV) block; right 
bundle branch block (RBBB), left bundle branch block (LBBB), and 
left anterior fascicular block (LAFB). 
The most common and often the earliest cardiac manifestation.

DILATED CARDIOMIOPATHIES – LMNA RELATED.
- More aggessive natural hystory compared 

with other forms of NICM
- Autosomal dominant (AD) inheritance, with variable 

penetrance and age-dependent expressivity

SUPRAVENTRICULAR 
ARRHYTHMIAS

FA, FLUTTER.
>> THROMBOEMBOLIC RISK

VENTRICULAR ARRHYTHMIAS
TV, TVS, FV.

>> SCD RISK.

MYOPATY



Red Flags della cardiolaminopatia

• Conduction disease: LMNA
• Supraventricular arrhythmias: SCN5A, LMNA
• Ventricular Arrhythmias/SCD: LMNA, RBM20, DSP, 

FLNC, SCN5A 
• Muscle involvement/dystrophy: DMD, LMNA
• LVNC: TTN, MYH7
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LMNA

Chen, Mestroni, et al., Current Cardiology Reports 2019

LMNA mutations cause cardiomyopathy through multiple 
mechanisms, including impaired mechanotransduction, 
nuclear dysfunction, DNA damage, apoptosis, and electrical 
remodeling, ultimately leading to fibrosis, arrhythmias, and 
heart failure.



Altered biomechanics of LMNA mutant cardiomyocytes

Lanzicher, et al., Nucleus 2015 
Lanzicher, et al., Sci Rep 2015 
Laurini et al., Cardiov Res 2018

Mutations in the Lamin A/C gene mimic arrhythmogenic 
right ventricular cardiomyopathy

Loss of adhesion of the 
cell membrane to the 
AFM tip



Boriani G. Nucleus. 2018

Graber HL. Circulation. 1986

Ollila L. Open Heart. 2017



LMNA: molecular mechanisms of arrhythmia

Altered hemichannels localization (Connexin 43) in mutant LMNA
• Cx43 localization is defective in LMNA mutant cardiomyocytes
• Microtubules network and actin network (Cx43 trafficking machinery, “zip code”) 

disrupted

Borin, Mestroni, et al., Helyon 2020 Genetic Cardiomyopathies
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LMNA e geni desmosomiali che causano ACM

LMNA gene and
Desmosome variant carriers
➢Highest SCD/VA risk 

Positive variant carriers
➢Trend toward worse SCD/VA 

outcome

Genetic Cardiomyopathies



ARRHYTHMIC RISK STRATIFICATION

RISK FACTORS
TVNS
MUTATIONS NOT MISSENSE
MALE
FEVS≤ 45%
AV CONDUCTION DISORDERS

Risk calculator (https://lmna-riskvta.fr/) to predict the 
risk of ventricular arrhythmias potentially fatal

Circulation Wahbi 2019

444 pts 
5-year risk of MVA ≥10%

CARDIOLAMINOPATHIES -



Arbelo et al,European Heart Journal (2023) 00, 1–124  
https://doi.org/10.1093/eurheartj/ehad194  

PREVENTION of UNEXPECTED DEATH in 
DCM

LMNA
FLNC truncanting variant

TMEM43
PLN
DSP
RBM20



ACM outcome:  
comparison of FLNCtv with LMNA and DSP

Study cohorts: 
FLNCtv	 85 cases 
LMNA	 46 cases 
DSP	 60 cases

All cause mortality:
LMNA  higher risk

Non arrhythmic 
events:
LMNA  higher risk  

SCD/MVA :
high risk with no 
significant difference

p=0.017 p=0.006

Gigli, Stolfo et al., Circulation 2021



Background 

Comparison of cardiac manifestations related to 
non-missense vs. missense LMNA mutations

Forleo C, Guaricci AI  et Al. Biomedicine 
2024



Guaricci AI, et Al Heart Rhythm 2025
Arthur A.M. Wilde



• HF-MACE incidence: 9.7% at 5 years, 
12.3% at 10 years

• Lifetime incidence: 17% by age 50, 45% 
by age 70
• Nearly one in two LMNA patients 
experiences a major HF event during 
lifetime

Take-home message:

Heart failure progression is a major 
determinant of prognosis in laminopathies.



Four Independent Predictors of HF-MACE

Male sex (HR 1.86)

LVEF <50% (HR 2.18)

Missense head/rod variants (HR 2.91)

Complete LBBB (HR 2.99)

Missense variants in exons 1–6 emerged as the strongest 
genetic predictor of HF progression.

Charron P. Laminopathies: natural history and risk prediction of heart failure. Eur Heart J. 2026 
doi: 10.1093/eurheartj/ehag104. 



0 RF → 1.5% HF-MACE at 5 years

1 RF → 5% HF-MACE at 5 years

≥2 RF → 22% HF-MACE at 5 years

LVEF <30%: 50% HF at 1 year, 72% at 5 
years

LMNA-HF Risk Score

Early referral to advanced HF and transplant programs is recommended.

Charron P. Laminopathies: natural history and risk prediction of heart failure. Eur Heart J. 2026 
doi: 10.1093/eurheartj/ehag104. 



Arrhythmic risk: NSVT, truncating variants, LVEF

Heart failure risk: LVEF<50%, LBBB, head/rod missense variants

LMNA-HF score complements LMNA-VTA score

Charron P. Laminopathies: natural history and risk prediction of heart failure. Eur Heart J. 2026 
doi: 10.1093/eurheartj/ehag104. 



LMNA-related 
Cardiomyopathy 

Study

LAMIN-CarMyo 
Study



LAMIN-CarMyo Study
Approximately 500 
patients carrying P/
LP variants in the 

LMNA gene

• U.O.C. Cardiologia Univ., A.O.U.C. Policlinico Bari – A.I. 
Guaricci

        (Centro Promotore)
• U.O.C. Cardiologia Univ., ASUGI Trieste – M.Merlo
• Università Vita-Salute san Raffaele, Milano – G. Peretto
• Centro Cardiologico Monzino, IRCCS – G.Pontone
• Dipart. di Cardiologia, Ospedale Casilino, Roma – L. Calò
• Università della Campania Luigi Valvitelli, Napoli – G. 

Limongelli
• Università Politecnica delle Marche – A. Dello Russo
• Fondazione G. Monasterio CNR-Regione Toscana – A. Barison
• A.O.U. Careggi Firenze – I. Olivotto
• Università degli Studi di Padova – B.Bauce
• A.O.U. Sant’Orsola Bologna – E. Biagini
• Università Degli Studi di Roma Sapienza – C. Chimenti
• U.O.C. Cardiologia ASU FC Udine – M. Imazio

Comitato Etico Locale IRCCS Istituto Oncologico 
"Gabriella Serio"
Seduta COMITATO ETICO LOCALE del 
03/11/2025
(D.G.R. Regione Puglia n.712 del 22/05/2023 e 
rett. N. 806 del 12/06/2023)
Prot. 2561/CEL - Studio LAMIN CarMyo Study
Parere FAVOREVOLE
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