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Arrhythmogenic Right Ventricular Dysplasia 
Overview

• Genetically determined cardiomyopathy

• Characterized by:

• Progressive replacement of the right ventricular 
myocardium with fatty & fibrous tissue

• Ventricular arrhythmias of right ventricular
origin

• A left dominant form of ARVD has been described
leading to some to refer to the disease as
“arrhythmogenic cardiomyopathy”.



Circulation 65; 384- 398, 1982









The Triangle of RV Dysplasia Displaced



ARVD Overview: Epidemiology

• Prevalence:  1 per 2000 in Italy & 1 per 5000 in the US

• Equally common in men and women

• 20% of sudden deaths in young individuals in Italy

• 5% of sudden deaths in young individuals  in the US



European Heart J 2010; 31: 806-814.
Circ 2010; 121; 1533-41 



ARVD Diagnostic  Criteria 
Parameter 1994 Criteria 2010 Criteria

RV Size and Function Non quantitative Quantitative

Biopsy (major) Fibrofatty replacement < 60% nl myocytes & fibrous 

replacement +/- fat

T wave inversion v2 

and V3

Minor criteria in absence 

RBBB

Major criteria in absence of RBBB 

QRS > 120 msec

Minor: T wave inv V1, V2 or in 

V4,V5, and V6 or T in V1-v4 w RBBB

Epsilon waves (major) Epsilon or localized 

prolongation >  110 ms V1-V3

Episilon waves

SAECG (minor) Late potentials Quantitative, 1 of 3 parameters

TAD NA >= 55 msec in V1-v3

LBBB VT (minor) Minor criteria Major criteria if LB sup axis VT, 

minor criteria if not

Frequent PVCs (minor) > 1000/ 24 hrs > 500 / 24 hrs

Family History (Major) Familial disease confirmed by 

autopsy or surgery

ARVD in first degree relative OR 

pathogenic mutation in patient

Family History (Minor) FH of premature SCD < 35 

yrs or family hx of ARVD

FH of ARVD where task force criteria 

unclear or premature SD < 35 yrs



2010 ARVD Diagnostic  Criteria 
Parameter 1994 Criteria 2010 Criteria

RV Size and Function Non quantitative Quantitative

Biopsy (major) Fibrofatty replacement < 60% nl myocytes & fibrous 

replacement +/- fat

T wave inversion v2 

and V3

Minor criteria in absence 

RBBB

Major criteria in absence of RBBB 

QRS > 120 msec

Minor: T wave inv V1, V2 or in 

V4,V5, and V6 or T in V1-v4 w RBBB

Epsilon waves (major) Epsilon or localized 

prolongation >  110 ms V1-V3

Epsilon waves

SAECG (minor) Late potentials Quantitative, 1 of 3 parameters

TAD NA >= 55 msec in V1-v3

LBBB VT (minor) Minor criteria Major criteria if LB sup axis VT, 

minor criteria if not

Frequent PVCs (minor) > 1000/ 24 hrs > 500 / 24 hrs

Family History (Major) Familial disease confirmed by 

autopsy or surgery

ARVD in first degree relative OR 

pathogenic mutation in patient

Family History (Minor) FH of premature SCD < 35 

yrs or family hx of ARVD

FH of ARVD where task force criteria 

unclear or premature SD < 35 yrs
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ECG Features of ARVD



ECG Features of ARVD



MRI Features of ARVD

Tandri, et al  JACC 2005;45:98-103
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Intercellular Mechanical Junction (Desmosome) 
Desmosomal CadherinsArmadillo Proteins Plakins

Basso et al. Lancet 2009; 373; 1289=1300

Intermediary
filaments

Desmin  and
Actin 

http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6T1B-4W1MMK7-13&_image=B6T1B-4W1MMK7-13-7&_ba=&_user=75682&_coverDate=04%2F17%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=4886&_issn=01406736&_pii=S0140673609602567&view=c&_isHiQual=Y&_acct=C000006078&_version=1&_urlVersion=0&_userid=75682&md5=e4675f88ea65f173336b27df08daf522


ARVD Genetic Mutations:  2013

• PKP2 (plakophilin-2) - 25% of cases

• DSG2 (desmoglein-2) - 10% of cases

• DSP (desmoplakin) - 10% of cases

• DSC2 (desmocollin-2) - 3% of cases 

• JUP (plakoglobin) Naxos syndrome – rare, recessive

• RYR2* (ryanodine receptor) - atypical disease – catech PMVT

• TGFB3* (transforming growth factor) - rare, profibrotic mitotic

• TMEM43* Newfoundland, highly penetrant, lethal, nuclear pore 

• Compound heterozygosity (two mutations one gene) seen in 

7% of patients. Digenic heterozygosity (mutations in more than 

one gene) seen in 5% of patients

• No pathogenic mutation found in 50% of ARVD patients
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Johns Hopkins ARVD Experience
N = 100

Characteristic

Age

Male Gender

Athletic

Presenting Sx

Palpitations

Syncope

Sudden Death

Resuscitated SCD

Asymptomtic

Dx Alive

N = 69

29 + 12

36 (52)

37 (54)

25 (36)

20 (29)

1 (1.5)

15 (22)

Autopsy Dx

N = 31

29 + 15

15 (48)

12 (39)

2 (6)

5 (16)

23 (74)

Total

N=100

29 + 13

51 

49

27 

25 

23

1 

15

Dalal, Calkins et al Circ 2005;112:3823-3832.



Symptoms of ARVD 

Heart failure

SCD

VT

Any symptom
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Cardiac Transplantation in ARVD/C

• N = 18
• Male (61%)
• Sx onset 24 ± 13 yr 
• Tx age  40 ± 14 yrs

• VT in 28%
• CHF in 28%

•Tx for CHF in 13
•Tx for VT in 5

Tedford JACC 2011
HF stage: black,red,blue,green,purple

X –VT, O appropr  ICD tx, Δ cath abl, * tx for vt
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Who Should get an ICD ?

• ARVD patients who have experienced sustained

VT or VF.

• ARVD patients who meet task Force Criteria 

and are probands.

• Selected family members of ARVD probands

who meet Task Force Criteria and have other

high risk markers such as frequent PVCs, 

NSVT, and / or arrhythmic syncope. 



• 84 patients
• 31.9 + 11.9 yrs
• 39 men (46%)
• 4.73 ± 3.39 years

• Palpitations: 40 pts (48%)
• Syncope: 23 (27%)
• Chest pain: 14 (17%)
• Asx: 20 (24%)

JACC 2011



Appropriate ICD Therapy

Incidence and Predictors of ICD Therapy in Primary 
Prevention ARVD Patients

ICD interventions for VFL/VF



EPS Pos

PVCs > 1000

NSVT

Proband
Status



Risk Stratification in Arrhythmogenic 
Right Ventricular Dysplasia/Cardiomyopathy 
Associated Desmosomal Mutation Carriers

• 215 patients from 104 families with ARVD 

associated desmosomal mutations 

• Review of medical records, clinical evaluation, 
and patient interview

– Demographics

– Symptoms

– Family history

• Prospective follow up

• ARVD/C Diagnosis



Arrhythmic outcome

No. of patients

Composite 

outcome 

(%)

Sustained 

VT

Appropriate 

ICD 

intervention

Resuscitate

d SCD
SCD

215 86 (40) 58 19 8 1





Risk stratification scheme

• Probands  with high risk ECG 

• Probands with a intermediate risk ECG  and PVC 
count  >760 on a Holter 

• Family members with a high risk ECG and PVC  
count >760 on a Holter

High risk  (≥50%)

• Probands with low risk ECG

• Family members with high risk ECG 
and PVC count between 11- 760 on 
Holter

• Probands with  intermediate risk ECG  
and PVC count <760 on Holter

Intermediate risk (15-
50%)

• Family members with a 
high risk ECG and <10 
PVC on a Holter

• Family members with a 
low or intermediate risk 
ECG 

Low risk (<15%)



What is the Role of Catheter Ablation?

• EP testing and a limited endocardial ablation 

procedure is appropriate at the time of evaluation

and / or diagnosis.

• Catheter ablation (endo +/ - epi) is recommended for

patients receiving frequent ICD therapies despite

antiarrhythmic drug therapy. 

• Catheter ablation is appropriate prior to

antiarrhythmic drug therapy when performed 

in experienced centers. 



Figure 1b. 
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What About Exercise?

• Patients with ARVD are advised to avoid high level

athletics.

•Recommended activities include walking, bowling,

and golf.  



Conclusions and Future Directions
• ARVD is a rare but important cause of sudden cardiac 

death.

• Increasing evidence suggests that ARVD is a disease of

desmosomal dysfunction.

• Diagnosis of ARVD is challenging and requires a 
comprehensive evaluation with both noninvasive and 
invasive testing. 

• Identification of genetic and clinical risk factors for

sudden death remains an active area of investigation.

• We recommend ICD implantation for all probands who 
meet Task Force criteria for ARVD.

• Outcomes of VT ablation have improved with an 
epicardial approach. 

ARVD.COM
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