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Diagnostic Criteria of ARVC
International ARVC Task Force (2010)

ECG: Depolarization + Repolarization

Ventricular Arrhythmias (LBBB-VT)

RV-/LV- Wall Motion + StructureTissue Characterization

Genetics and Family History

Pathology

„Disease of Desmosome“



Young, apparently healthy pts
Ventricular arrhythmias (LBBB pattern)

Exercise provocable arrhythmias
High prevalence in athletes
Family history (ARVC, unexplained SCD)

 Genetic background (desmosomal proteins)

Right precordial ECG abnormalities
 T-wave inversion, QRS prolongation, ε-waves

RV-enlargement / RV-dysfunction
LV involvement frequent (even dominant)

What is ARVC ?
Be aware of clinical features



• Young, apparently healthy pts
• Ventricular arrhythmias of LBBB morphology
• Exercise provocable arrhythmias
• High prevalence in athletes
• Family history (ARVC, unexplained sudden death or VT)
• RV-enlargement or RV-dysfunction
• Right precordial ECG abnormalities 

 T-wave inversion, broad S-wave upstroke, 
 QRS prolongation, Epsilon potential

ARVC: Clinical Features

Treatment of VT in ARVC



Reassess:  Is it really ARVC? 
… or is it rather a phenocopy… ?

Make the
correct diagnosis

for specific therapy !

Cardiac Sarcoidosis Restrictive CM

Myocarditis (acute / chronic)

Idiopathic RVO-VT



Underdiagnosed …..?
 … Increased risk of sudden death due to undertreatment

Overdiagnosed …..?
 … Disease „labeling“ (incl. family members)

potential consequences for social life, sports activity, insurances, etc.

 … Unjustified ICD indications (incl. complications, inappr. shocks)

Misdiagnosed …..?
 … other diseases mimicking ARVC remain unrecognized

(myocarditis, sarcoidosis, cardiomyopathies, etc.) 

 … specific treatment options not applied

ARVC: a rare disease….



Preparticipation Screening of Athletes
4-fold Reduction of Sudden Death in Athletes in Italy
by Disqualification of diagnosed HCM and ARVC pts

Corrado D et al. JAMA. 2006;296:1593-1601 

Preparticipation Screen
Veneto: 1979-2004
age: 12 – 35 yrs.

What awareness can do …

Reduction below the rate of
unscreened non-athletes !



Sports Recommendation in ARVC

Priori S et al., Eur Heart J. 2015;36:online Aug 29, 2015

d ESC guidelines define competitive sport as amateur or professional engagement
in exercise training on a regular basis and participation in official competitions



Role of Exercise + Training

Corrado D et al. Eur Heart J. 2015; May 12

Pathophysiology of ARVC



Exercise and RV-Dysfunction

Sharma S et al. Eur Heart J.  Online 06 Dec 2011

Desmosomal damage in ARVC ?



Treadmill - Training
139 ± 16 km distance / week

Swim - Training
10 – 90 min/ day

Plakoglobin deficient (- / +) mouse model

ARVC Mouse Model  (JUP -/+) : 
Impact of Exercise + Training



Echo measurements confirmed by CMR. No changes in LV or LA size or function

Exercise accelerates …
RV enlargement, RV-dysfunction, arrhythmias

K
irchhof P, et al.  

C
irculation. 2006. 114:1799-1806

ARVC Mouse Model (JUP -/+)



Fabritz L et al. JACC. 2011;57:740-50

„Upstream“ Therapy

ARVC Mouse Model (JUP -/+)



Fabritz L et al. JACC. 2011;57:740-50

Mouse model Pg +/- :
littermate pairs:

14 Pg +/- and 5 WT 
3 months old
7 wk training (swim)

Load-reducing therapy:
(diuretics, nitrates / molsidomine)

prevents RV-dilatation
reduced VT induction
prevents conduction slowing

Preload-Reducing Therapy
prevents training-induced RV-enlargement and VT

RV Volume (μL)

ARVC Mouse Model (JUP -/+)



Fabritz L et al. JACC. 2011;57:740-50

Inducibility of macro-reentrant VT Longit. RV conduction slowing

Load-reducing therapy
in Plako +/- mice prevents training induced …

Treatment of VT in ARVC



Clinical
Practice

Clinical 
Genetics

Molecular
Genetics

Animal 
Models

Pathophysiology
Concepts

Clinical Studies

+ Risk 
Stratification

New 
Therapies

Translational

Science

ARVC – from bedside to lab



Wichter T, Schäfers M,  et al., Circulation. 2000;101:1552-1558
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Presynaptic Norepinephrine Reuptake
volume of distribution: Vd 11C-HED

Postsynaptic ß-Receptor Density
max. binding capacity: Bmax 11C-CGP12177

Adrenergic Dysfunction in ARVC: 
Quantitative Assessment by PET

Downregulation of adrenergic ß-receptors

n= 8 ARVCn= 8 ARVC

P<0.001



ARVC: Sports Type and Level

Eur Heart J. 2015;36:1735-43
T. Wichter



Sport Types and Levels
AC

C
-AH

A Scientific Statem
ent. Levine B

D. C
irculation. 2015; 132:262



ARVC: Sports Level + 
Timing to Symptom Onset

Eur Heart J. 
2015;36:1735-43

Competitive vs. 
recreational sports:

Time to 1st symptom
is shorter

Manifestation of
ARVC is earlier

Disease acceleration
with competitive
sports

n= 108 pts

1st Symptom

T. Wichter



ARVC: Sports Level and 
Prognosis (VT or Death)

Eur Heart J. 
2015;36:1735-43

Competitive vs. 
recreational sports
vs. inactive pts:

Competitive sports
triggers arrhythmias

Recreational sports
is not different vs. 
inactive lifestyle

Competitive sports
discouraged !

Recreational sports
allowed ? 

n= 108 pts

VT or Death

T. Wichter



Natural Course of ARVC
Risk of VF or fast VT:  early (concealed) phase

(arrhythmias may precede morphological abnormalities)

Recurrent monomorphic VT:  overt phase
Chronic biventricular heart failure:  end-stage

Aziz et al., Circulation. 2000;101;825-827 Wichter T et al., 2005

Treatment of VT in ARVC



Link, MS et al. JACC. 2014;64:119-125

Pathophysiology of ARVC



Zhurinsky J et al. J Cell Sci 113:3127-39 (2000)

Apoptose

Disease of the Desmosome

Pathophysiology of ARVC



Cell Contact Damage

Genetic Disposition

Connexins
Gap Junctions

Desmosomes
Adherens Junctions

Ventricular Arrhythmias Heart Failure

Autonomic 
Dysfunction

RV-Stretch
(Exercise)

MyocarditisMyocardial Atrophy
Fibrofatty replacement

Double/compound mutations, modifier genes

Wichter T et al.   in Marcus FI, Nava A, Thiene G (eds.),    Springer Verlag. 2008,  page 147

ARVC
Pathophysiology of ARVC



From Risk Stratification
to Treatment of ARVC

Improve symptoms and quality of life
VT recurrences and palpitations
Appropriate and inappropriate ICD discharges
Heart failure symptoms and exercise capacity

Prevent disease progression
Relevant arrhythmias
RV and LV dysfunction
Heart failure

Reduce mortality
Arrhythmic death
Death from heart failure

Wichter T et al., 2005



Management of ARVC

Antiarrhythmic
Drugs

Catheter
Ablation

Cardioverter-
Defibrillator (ICD)

Antiarrhythmic 
Drugs

Cardioverter-
Defibrillator (ICD)

Catheter
Ablation

ineffective,
VT recurrence

frequent or
incessant VT

low risk high risk
Arrhythmia Treatment

Wichter T et al. in Marcus FI, Nava A, Thiene G (eds.), Springer Verlag. 2008, page 172



VF / V-flutter after ICD implant

Corrado D et al. 
Circulation 
2003;108:3084-3091

In pts with
stable VT, 
there was 
frequent VT-
recurrence
but very rare 
occurrence of
VF or V-flutter

n= 132; FU 3925 mths

stable VT

unstable VT

syncope

cardiac arrest

Risk Stratification in ARVC

Room for Catheter
Ablation or AAD in 
stable VT ?



History of VT, sympt. heart failure, LV involvement,
T-wave inversion, fragmented QRS, QRS amplitude ratio

Severe RV Dysfunction in ARVC

Wichter T et al., 2005



Risk Stratification in ARVC

What Risk ?
Sudden death

Ventricular tachycardia (VT), Syncope

 ICD shock delivery / clusters

Heart failure  (right, left, biventricular)

Cardiac transplantation

Hospitalization (VT, CHF)

Exercise capacity 

Quality of life      (sports restriction)

Disease manifestation in mutation carriers

 „Disease labeling“ of asymptomatic mutation carriers



ARVC: Risk Stratification
Meta analysis:  no single discriminating factor

Bosman et al. 
Heart Rhythm. 

2018;15:1097

Syncope unexplained
Proband status

Arrhythmias
- nsVT
- sust. VT / VF

ECG abnormalities

Inducibility at EPS

Age at onset

Imaging
- LV dysfunction
- RV dysfunction
- Chamber dilatation



ARVC: Risk Stratification
Meta analysis:  no single discriminating factor

Bosman et al. 
Heart Rhythm. 

2018;15:1097

Syncope unexplained
Proband status

Arrhythmias
- nsVT
- sust. VT / VF

ECG abnormalities

Inducibility at EPS

Age at onset

Imaging
- LV dysfunction
- RV dysfunction
- Chamber dilatation



ARVC: Risk Stratification
Combined ECG and Imaging parameters
provide best assessment of arrhythmic risk

Leren et al. JACC-CVI. 
2017; 10: 503-13

Integrated  
multimodality

approach !



ARVC: Risk Stratification
Indications for ICD implantation
2015 ESC Guideline for Management of Ventricular Arrhythmias



Corrado D et al. Card Electrophysiol Clin. 2011;3:311-321

ARVC – Risk Stratification



Management of ARVC

Eur Heart J. 2015;36: online July 27



ICD Indication in ARVC
C

orrado D
, W

ichter T, et al. EurH
eart J. 2015 and C

irculation
2015

2015 Task Force Consensus on ARVC Treatment

>10% / yr 1-10% / yr <1% / yr

RV-FAC <17%
RV-EF <30% RV-FAC 17-24%

RV-EF 30-40%

Male, age, 
TWI, QRS fragmentation,

+ prolongation, 
RV dilatation

Class I Class IIbClass IIa Class III



ARVC: Risk Stratification
Indications for ICD implantation
2015 ESC Guideline for Management of Ventricular Arrhythmias

Validation of 2015 Task Force 

Orgeron et al. Circ Arrhythm Electrophysiol. 2018:11 online



ARVC: Risk Calculator (work in progress)

Collaboration of 14 centers
Weighing risk factors from MV analysis

Cadrin-Tourigny J et al. HRS-Congress, Chicago 2018



Symptomatic Asymptomatic

Lifestyle Changes, Discourage of Sports, Follow-up

NSVT, 
mult. PVC

Cardiac 
arrest, 

VF

Hemodyn. 
unstable VT

Unexplained 
syncope

Hemodyn. 
stable VT

mod./severe 
RV- / LV-

dysfunction

Family 
history 

SD

No  
risk 

factor

ICD

ICD ICD

β-Blocker, Antiarrhythmics

Antiarrhythmics

Ablation

Heart Failure
Medication

Antithrombotics

ICD

HTx

β-Blocker
?

β-Blocker

ICD
Wichter T et al. 
Kardiologe 2014

Treatment of ARVC



ARVC: Target-Directed Therapies ?



Treatment of ARVC:
Summary and Recommendations

 Correct ARVC diagnosis (detailed clinical evaluation / FU)

 Confirmatory genetic testing is controversial (may be misleading)

 Restriction of competitive sports (recreational sports allowed?)

 Preparticipation screening reduces SCD in athletes
 Beta-blockers generally recommended (although not proven)

 Catheter Ablation (and AAD) to suppress symptomatic VT
 ICD implantation is indicated in high risk pts (class I, IIa)

 Risk stratification requires further refinement (calculator?)

 Most recommendations at „consensus“ level „C“
 Complex treatment decisions remain highly individual
 Target-directed therapies are yet to come
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