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Potentielle Interessenskonflikte

• Mitglied der folgenden Standesorganisationen:
DGK, DGIM, DGIIN, DEGUM, ESC, EACVI, EACPI, EHRA, ALKK, VLK

• Editorial Board Member:
European Heart Journal, EHJ Cardiovascular Imaging

• Vortragshonorare (letzte 2 Jahre, jeweils <5k):
Pfizer, Bayer, Daiichi Sankyo

• Aktienanteile (jeweils <10k):

Bayer, Medtronic, Fresenius



Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC)

Wichter T et al. Internist. 2004:45:1125-35

Wichter T et al. Z Kardiol. 1991

cellular damage /

myocardial necrosis

fibro-fatty replacement
epi➔ endo

electrical instability
slowed conduction

& dispersed refractoriness

RV remodelling
RV dilatation & failure

© Wichter-T/Breithardt-G, UK Münster

men/women 2:1

Prevalence ~1:1000
(north. Italy 4:1000)



The Road from ARVC …. 

Marcus-FI et al., Circulation 1982

1982

Early observations 1978/1982

Mc Kenna-WJC et al., British Heart Journal 1994

1994

Diagnostic Criteria („Task Force“)

Sen-Chordhry-S et al., Circulation 2007

2007

Genetics & advanced Imaging (CMR)

www.freepik.com

…to ACM



Corrado-D et al., Int J Cardiol 2020 (epub)



Arrhythmogenic Cardiomyopathy
Genetic Background

Costa-S et al., Trends CV Medicine 2020 (epub)

• Disease of the intercalated disc

➢ end-to-end contact of cardiac myocytes

➢ mechanical and electrical coupling

• 60% of ACM pts carry a genetic pathogenic

variant, mostly autosomal dominant

• Majority of mutations affect the desmosome:

➢ plakophilin-2 (PKP2)

➢ desmoglein-2 (DSG2)

➢ desmocollin-2 (DSC2)

➢ junction plakoglobin (JUP)

➢ desmoplakin (DSP)

• Non-desmosomal genes include… 
transmembrane proteine 43 (TMEM43), desmin (DES), 

phospholambdan (PLB), N-cadherin (CDH2), sodium volt-

gated channel alpha subunit 5 (SCN5A), titin (TTN), 

transforming growth factor 3 beta (TGF3ß)



Arrhythmogenic Cardiomyopathy
Two Autosomal Recessive Variants

Naxos-Disease

first description 1986 by

N.Protonotarios et al. in a 

family on the Greek island

Naxos (9 cases in 4 families)

wooly hair, palmoplantar

keratoderma, ARVC

plakoglobin mutations

RV

Stöllberger-B et al., Int J Cardiol 2016/ UiM 01/2016

Carvajal-Syndrome

first description mid 90s by E. 

Carvajal-Huerta, Ecuador

wooly hair, palmoplantar

keratoderma

early onset LV DCM/NCCM

desmoplakin mutations

LV

Sajeev-CG et al., Circulation 2006



2010

Frank I. Marcus



Arrhythmogenic Cardiomyopathy
Modified Task Force Criteria

I. Global or regional dysfunction and 

structural alterations

II. Tissue characterization of wall

Imaging Biopsy

III. Repolarization abnormalities

IV. Depolarization/conduction 

abnormalities

V. Arrhythmias

E

C

G

Holter

VI. Family History

Genetic

Testing



2020
„Padua“-Criteria

(proposal Corrado-D et al.)

Corrado-D et al., Int J Cardiol 2020 (epub)

New:

• specific criteria for LV phenotype

• CMR LGE patterns

• additional ECG criteria
➔ low voltage limb leads

Domenico Corrado



Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019

descendants



Genetic Diagnosis
Clinical Relevance for Family Members

15/32 (47%) family members

with AC progression @ FU

VA

Chivulescu-M et al., Eur Heart J 2019



Col du Tourmalet 21.07.2003



Association of Exercise History & Diagnosis of ARVC/ARC

James-CA et al., J Am Coll Cardiol 2013

Calkins-H, Circulation J 2015; 901-913



Harmful Effects of Exercise in ARC
Lie-Ø et al., JACC EP 2018
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➔ Exercise intensity seems more harmful than exercise duration

n= 173 – 83/173 with ventricular arrhythmias

JACC Clin Electrophysiol. 2018 Jun;4(6):744-753
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De Lazzari et al., JAHA 2018



Arrhythmogenic Cardiomyopathy
Prognostic Role of CMR

Aquaro-GD et al., Am J Cardiol 2018

n=175



LV LGE %

DD

ARC 

vs. 

DCM

Cipriani-A et al., J Am Heart Assoc 2020



Cipriani-A et al., J Am Heart Assoc 2020

ACM

DCM
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ECG features of ARC



ACM

n=79

De Lazzari et al., JAHA 2018



Arrhythmogenic Cardiomyopathy
ECG Features

Extent of negative T-waves in right precordial leads
➔ correlates with the severity of RV dilatation & dysfunction

➔ does not predict LV involvement!

(In-)complete RBBB, Ɛ-waves, delayed S-wave upstroke, 

terminal activation delay (TAD, peak S - J point) >55ms
➔ reflect areas of slow conduction, fragmentation of electrical

activation, proarrhythmogenic reentry circuits

Low-voltage (≤0,5mV) in limb leads
➔ predicts LV involvement (Spec 100%, Sens 30%)

De Lazzari et al., JAHA 2018

Wichter et al. Z Kardiol. 1991



Quelle: https://www.werbeschild24.de/
https://www.therapylv.com/



Risikostratifizierung bei ARC
Geschätztes jährliches Risiko eines tödlichen 
arrhythmischen Ereignisses

Corrado-D et al., NEJM 2017
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Arrhythmogenic Cardiomyopathy
HRS Recommendations for ICD Implantation

Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019

Class I Indication if …
• survived sudden cardiac death

• documented sustained VT

• LV-EF <35%, NYHA ≥ II

Class II Indication if …
• specific genetic variants (Phospholamban, 

Lamin A/C, FLNC…) 

• … & NSVT, reduced LV-EF <45%

• LV-EF <35% & NYHA I



Prediction of Ventricular Arrhythmias in ARC
Cadrin-Tourigny-J et al., Eur Heart J 2019

Eur Heart J 2019 Jun 14;40(23):1850-1858

TFC

recommend
Risk Model



Prediction of Ventricular Arrhythmias in ARC
Lie-Ø et al., JACC CV Imag 2018

LV 

mechanical

dispersion

RV 

free wall strain

ECG features
A: epsilon potentials

B: terminal activ. dur >55ms

C: extent of T-wave inversion

JACC Cardiovasc Imaging. 2018

11(10):1377-1386



Prediction of Ventricular Arrhythmias in ARC
Lie-Ø et al., JACC CV Imag 2018

≤ 6 METs

> 6 METs

neg T-wave <V3

neg T-wave ≥ V3

mechanical

dispersion

≤ 45ms

mechanical

dispersion

> 45ms

JACC Cardiovasc Imaging. 2018; 11(10):1377-1386



Prediction of Ventricular Arrhythmias in ARC
Lie-Ø et al., JACC CV Imag 2018

JACC Cardiovasc Imaging. 2018; 11(10):1377-1386



Schinner-C et al., JCI Insight 2020 (epub)

….stabilization of Dsg2 binding by a linking peptide (Dsg2-LP) 

is efficient to rescue arrhythmia in an AC mouse model ….

…stabilization of Dsg2 binding by Dsg2-LP can serve as a 

novel approach to treat arrhythmia in patients with AC.



Arrhythmogenic Cardiomyopathy
Therapeutic Concepts

• with antitachy pacing

• may require addtl. AADs

• challenging risk estim.

• palliative strategy, not 
curative

• only in recurrent VA

• limit intense exercise

• allow low-intensity, long-
duration exercise

• ß-Blockers

• ACE/ARB (LV)

• AAD (+ICD)

Drugs
Activity
level

ICD 
protection

Catheter
Ablation



Diagnosis of ACM
Flow-Chart

Corrado-D et al., Int J Cardiol 2020 (epub)



Foto: dpa/Stephanie Lecocq



Ablation bei Arrhythmogener Cardiomyopathie & Rezidivierenden VT‘s

Corrado-D et al., NEJM 2017



Arrhythmogenic Cardiomyopathy
ECG Features

De Lazzari et al., JAHA 2018

Extent of T-wave inversion in precordial leads

predicts RV dilatation & apical displacement



Harmful Effects of Exercise in ARC
Lie-Ø et al., JACC EP 2018
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n= 173

82 mutation positive family members

91 probands with ACM (TFCriteria2010)

JACC Clin Electrophysiol. 2018 Jun;4(6):744-753



Arrhythmogenic Cardiomyopathy
ECG Features

De Lazzari et al., JAHA 2018

Low-voltage limb leads ≤0,5mV?

➔ LV involvement with

LV LGE/scar



Arrhythmogenic Cardiomyopathy
ECG Features

Cortez-D et al., J Electrocard 2018

S-wave angle >12,5% identifies ARC

´

➔ spec 97%, sens 47%, neg pred value 65% 



Recommendations for
physical activity in ARC
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Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019



Structural Progression Implies Clinical Progression!

Chivulescu-M et al., Eur Heart J 2019

„Stable“ findings

progressive

RV dilatation etc.



Arrhythmogenic Cardiomyopathy
Pivotal Role of Plakophilin 2 (PKP2)

Costa-S et al., Trends CV Medicine 2020 (epub)



Genetisch positive Familienangehörige
Alter bei Diagnosestellung der Erkrankung

Quarta-G et al., Circ 2011



Arrhythmogenic Cardiomyopathy
HRS Recommendations for Family Screening

Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019



Disease Progression in ARVD/C

te Riele et al., J Am Coll Cardiol 2014



Arrhythmogenic Cardiomyopathy
Association of Genetic Variants with Phenotypes

Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019



Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019









Groeneweg-J et al., Circ Genetics 2015

Calkins-H, Circulation J 2015; 901-913



Groeneweg-J et al., Circ Genetics 2015

Calkins-H, Circulation J 2015; 901-913



Calkins-H, Circulation J 2015; 901-913



Bhonsale-A et al., J Am Coll Cardiol 2011

Calkins-H, Circulation J 2015; 901-913



Marcus-FI et al., Circulation 2010

Calkins-H, Circulation J 2015; 901-913



CMR Reporting Template for ARVC/D

Bunck-AC et al. Fortschr Röntgenstr 2019



Arrhythmogene Cardiomyopathy

Diagnose & Einstufung:

nicht nur eine rechtsventrikuläre Erkrankung

Identifizierung von linksventrikulär dominanten Formen

Entscheidende Rolle des Kardio-MRT‘s (LGE)

Genetik:

meist eine desmosomale Erkrankung

Genetische Untersuchungen sind nur im klinischen 

Kontext sinnvoll und relevant

Therapy:

Prognose des linksventrikulären Phänotyps?


