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Abstract Arrhythmogenic right ventricular dysplasia/
cardiomyopathy (ARVD/C) is an inherited cardiomyopathy
characterized by ventricular arrhythmias, right ventricular
dysfunction, and sudden cardiac death. Since the first descrip-
tion of ARVD/C in 1982, there have been major advances in
the diagnosis and management of the disease. For instance,
the discovery of desmosomal abnormalities as a genetic basis
for ARVD/C; the importance of proband status and ventricular
ectopy for risk stratification of patients at risk for sudden car-
diac death; and the critical role that exercise plays in the de-
velopment and progression of ARVD/C, just to name a few.
From a treatment perspective, the placement of implantable
cardioverter defibrillators in those at risk for sudden cardiac
death and ablation techniques have also evolved over time. In
2010, an update of the 1994 Task Force Diagnostic criteria for
ARVD/C was published with the hope to increase diagnostic
sensitivity. This update incorporates new knowledge and tech-
nology to assess structural cardiac abnormalities and is the
standard for diagnosis today.
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Introduction

Arrhythmogenic right ventricular dysplasia/cardiomyopathy
(ARVD/C) is an inherited cardiomyopathy characterized path-
ologically by replacement of the cardiac myocytes with
fibrofatty tissue; this predisposes patients to ventricular ar-
rhythmias, right ventricular failure, and increased risk of sud-
den cardiac death (SCD). Although structural involvement of
the right ventricle predominates, a left dominant form is also
seen.

ARVD/C was first described in 1982 [1]; since then, sig-
nificant advances have been made in the understanding differ-
ent aspects of this disease. The 2010 Task Force Criteria
(TFC) improved diagnostic sensitivity by taking into account
electrophysiological abnormalities, genetic testing, and cardi-
ac structural abnormalities.

Genetic testing of probands and family members has be-
come a very important part of the diagnosis and screening of
ARVD/C since desmosomal mutations can be found in up to
60 % of affected individuals [2, 3].

The treatment of ARVD/C is aimed at reducing the
risk of sudden cardiac death by properly risk-stratifying
patients that would benefit from an implantable
cardioverter defibrillator (ICD). Antiarrhythmic drugs
and catheter ablation are also commonly used to im-
prove quality of life by preventing ventricular arrhyth-
mias. Another important consideration in patients with
ARVD/C is exercise restriction to prevent disease
progression.

This article is part of the Topical Collection on Invasive
Electrophysiology and Pacing

* Hugh Calkins
hcalkins@jhmi.edu

Gabriela M. Orgeron
gorgero1@jhu.edu

1 Division of Cardiology, Johns Hopkins University, Baltimore, MD,
USA

2 Johns Hopkins ARVD/C Program, Blalock 545, 600 N.Wolfe Street,
Baltimore, MD 21287, USA

3 Johns Hopkins ARVD/C Program, 1800 Orleans Street/Zayed Tower
7125R, Baltimore, MD 21287, USA

Curr Cardiol Rep (2016) 18: 53
DOI 10.1007/s11886-016-0732-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s11886-016-0732-y&domain=pdf


The purpose of this article is to review the current state of
knowledge of ARVD/C, natural history, clinical presentation,
diagnosis, and treatment of the disease.

ARVD/C Overview

Clinical Presentation and Natural History

ARVD/C is a rare inherited cardiomyopathy, with an estimat-
ed prevalence of 1 per 5000 individuals [4]. Patients usually
present in the second to fifth decade of life with symptoms that
can be correlated with the presence of ventricular arrhythmias,
such as syncope, palpitations, and lightheadedness, with pro-
gression to heart failure being uncommon [3, 5].

Dalal et al. [5] studied 100 patients diagnosed with
ARVD/C. During a median follow-up of 6 years, 47 patients
received an ICD, 29 of whom received an appropriate ICD
therapy. At follow-up, 66 patients were alive (44 had an ICD,
5 had signs of heart failure, 2 had heart transplant, 18 were on
drug therapy). Twenty-three patients died at presentation (21
SCD, 2 noncardiac deaths) and 11 died during follow-up (10
SCD, 1 biventricular heart failure). Of the total number of
patients that died (n=34), only three were diagnosed while
living and one had an ICD implanted. They concluded that
once the diagnosis of ARVD/C is certain and patients receive
an ICD the mortality is low. Also, the progression to heart
failure in this population was uncommon (<10%).

The presentation, clinical course, and survival outcomes of
a cohort of 439 index patients who met 2010 TFC for ARVD/
C were reported by Groeneweg et al. [3] The mean age at
presentation was 36±14 years, and mutations were identified
in 63 % (n=276) individuals. Most patients were symptom-
atic at presentation (n=419). Forty-eight (11 %) presented
with a cardiac arrest, 25 were resuscitated, and 23 died and
the diagnosis was established at autopsy. An additional of 220
(50 %) patients presented with a sustained ventricular arrhyth-
mia. During follow-up, 212 out of 245 patients with a
sustained ventricular arrhythmia (VA) or resuscitated SCD
and 139 out of 171 patients without a sustained VA received
an ICD. Sixty-five patients did not have an ICD implanted
during follow-up, and 31 (48 %) of them experienced
sustained VA during follow-up. Recurrent sustained VA on
follow-up was seen in a total of 72 % (n=301) index patients.
After a median follow-up of 7 years, 10 (3 %) of patients with
an ICD died (3 with heart failure, 2 SCD, 2 of a combination
of arrhythmias and heart failure, and 3 of noncardiac causes).
Eleven (17 %) patients without an ICD died (10 SCD, 1 with
heart failure). During long-term follow-up, 54 patients (13 %)
developed symptomatic heart failure and 18 (4 %) underwent
cardiac transplantation with 4 dying during follow-up. Overall
391/416 index patients (94 %) who presented alive were alive
at last follow-up. They concluded that ICD implantation

reduced the incidence of SCD during follow up and that the
long-term outcome was favorable in those that were diag-
nosed and treated appropriately.

Recently, Te Riele and colleagues [6] compared clinical
characteristics and outcomes between a cohort of 75
pediatric-onset cases of ARVD/C (mean age at presentation
15.3±2.4 years) and 427 adult patients (mean age at presen-
tation 38.6 ±13.4). They found that pediatric patients were
more likely to present with sudden cardiac death (p=0.003)
or resuscitated cardiac arrest, compared to adults who present-
ed most commonly with sustained ventricular tachycardia
(p=0.359). However, once ARVD/C is diagnosed, they found
that survival free from sustained ventricular tachycardia, car-
diac transplantation, and death was similar between the two
groups after more than 8 years of follow-up.

Although ARVD/C is predominantly a disease of the right
ventricle [7–10], it is nowwell established that involvement of
the left ventricle (LV) may occur. Left dominant arrhythmo-
genic cardiomyopathy usually presents with early involve-
ment of the LV in the absence of significant RV systolic dys-
function. It has been reported that LV dominant disease is
more commonly seen in individuals with mutations in desmo-
plakin or phospholamban [10].

Genetics

ARVD/C is commonly inherited in an autosomal dominant
manner with incomplete penetrance and variable expressivity.
In a minority of cases, ARVD/C can also be inherited in an
autosomal recessive pattern as part of a cardiocutaneous syn-
drome such as Naxos disease or Carvajal syndrome [11].

The identification of a plakoglobin (JUP) mutation that
affects a key component of desmosomes in Naxos syndrome
led to several studies investigating their role in other arrhyth-
mogenic cardiomyopathies. Subsequently, several ARVD/C-
associated mutations were identified: plakophilin-2 (PKP2),
desmoplakin (DSP) , desmogle in-2 (DSG2), and
desmocollin-2 (DSC2) [2, 10]. Mutations in several non-
desmosomal genes such as cardiac ryanodine receptor
(RyR2), phospholamban (PLN), transmembrane protein 43
(TMEM43), Titin, and transforming growth factor β3
(TGFβ3) have also been observed in atypical forms of
ARVD/C.Mutations in desmosomal proteins can be identified
in approximately 60% ofARVD/C patients [3, 10]. Thus, lack
of an identifiable mutation does not exclude the disease.

The genetic findings of 577 patients from 241 unrelated
families, selected based on the presence of an ARVD/C-
related mutation, have been reported [10]. The majority of
participants in the study 80 % (n=463) were the carriers of
a PKP2 mutation, with fewer heterozygous carriers for other
mutations associated with ARVD/C (31 DSG2, 31 PLN, 19
DSP, 8 DSC2, 2 JUP, and 1 TMEM43). Four percent (n=22)
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of participants carried two or more pathogenic mutations. The
authors found that patients presenting with SCD/ventricular
fibrillation (VF) were younger (median 23 vs. 36 years) than
those presenting with sustained monomorphic ventricular
tachycardia (VT). They also noticed that there was an associ-
ation of genotype with clinical course and disease expression.
The patients that had more than one mutation, earlier occur-
rence of sustained VT/VF, lower VT/VF free survival, and
more frequent left ventricular dysfunction, heart failure, and
cardiac transplantation, than those with only one mutation.
Lastly, men were more likely more likely to be symptomatic
probands and they had earlier and more severe arrhythmic
expression.

Pathophysiology

The genetics of ARVD/C support the hypothesis that this is a
disease of desmosomal dysfunction. Although the pathogen-
esis of ARVD/C is not fully understood, it has been hypothe-
sized that abnormalities in the desmosomal proteins may lead
to impaired mechanical coupling between individual cells,
which then causes myocyte uncoupling resulting in inflamma-
tion, fibrosis, and adipocytosis. This is especially true in situ-
ations that increase myocardial strain, such as exercise.

This pathogenic model explains the observation of an ear-
lier onset of ARVD/C and a higher risk of SCD among those
who participate in strenuous exercise. It would also explain
the fact that the RV is more often affected, due to its thinner
and more distensible wall than the LV. Furthermore, these
defects in myocyte mechanical coupling may lead to impair-
ment in electrical coupling. This remains an active area of
investigation.

Diagnosis of ARVD/C

The diagnosis of ARVD/C is made through a scoring system
with major and minor criteria, based on demonstrating a com-
bination of ventricular dysfunction and structural alterations,
tissue characterization, electrocardiographic repolarization/
depolarization abnormalities, ventricular arrhythmias, family
history, and genetic testing. A definite diagnosis is made if a
patient has B4 points,^ with a major criterion equal to 2 points
and a minor criterion equal to B1 point.^ A borderline diagno-
sis is made with B3 points^ and a possible diagnosis with B2
points.^ The original 1994 Task Force Criteria were updated
and published in 2010; their aim was to increase diagnostic
sensitivity by integrating new knowledge and technology [12]
(Table 1).

It is important to note that there is no gold standard diag-
nostic test for ARVD/C. On initial evaluation, all patients
should have a physical exam and comprehensive clinical

history that includes information about family history of sud-
den death and arrhythmias and an ECG, 24-h Holter monitor-
ing, signal-averaged ECG, and comprehensive imaging of
both ventricles should also be obtained. Although MRI is a
very important diagnostic tool, it can also be a common cause
for misdiagnosis (Fig. 1) [13]. If the initial workup is sugges-
tive but not diagnostic of ARVD/C, an electrophysiology
study should be considered to establish the diagnosis. Right
ventriculography and endomyocardial biopsy were also used
to aid in the diagnosis of ARVD/C in the past, but they are
rarely used currently.

The diagnosis of ARVD/C should be considered in indi-
viduals without known heart disease, who present with fre-
quent PVCs or symptomatic ventricular tachycardia, especial-
ly if there is left bundle branch block (LBBB) morphology
with superior axis, if the VT occurs in a patient with T wave
inversions in the right precordial leads, or if the LBBB VT
ECG pattern is not typical of idiopathic RVOT VT [14].

The differential diagnosis for ARVD/C should include car-
diac sarcoidosis, idiopathic right ventricular outflow tract ven-
tricular tachycardia, and VT arising from the aortic root. For
patients that present with symptoms of RV systolic heart fail-
ure, RV infarct or pulmonary hypertension should be consid-
ered. Dilated cardiomyopathy should also be kept in mind
when there is evidence of biventricular heart failure, as well
as biventricular arrhythmogenic cardiomyopathy when there
is significant ventricular ectopy [15].

Management

After establishing the right diagnosis, the most important step
is accurate risk stratification of patients at risk for sudden
cardiac death and deciding if they would benefit from an
ICD. Another component of management is minimizing
ICD therapies whether it is with medication or catheter abla-
tion. And the final component of management is preventing
progression of the disease.

Establishing an Accurate Diagnosis

The first step is to establish an accurate diagnosis of ARVD/C.
Misdiagnosis of ARVD/C is common due to lack of aware-
ness of the 2010 Task Force Criteria and misinterpretation of
MR imaging.

Risk Stratification and ICD implantation

Prevention of sudden cardiac death is the most important goal
of management. More than 50 % of patients with ARVD/C
that have received an ICD have appropriate device interven-
tions during follow-up [16, 17].
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Bhonsale et al. [16] studied 84 patients with definite or
probable ARVD/C who had an ICD implanted for primary
prevention of sudden cardiac death. They reported that over
a mean follow-up of 4.7±3.4 years, 40 patients (48 %) re-
ceived appropriate ICD therapy, with 16 (19 %) of them hav-
ing interventions for potentially fatal rapid VF. The predictors
for appropriate ICD therapy that were significant in this study
were the presence of nonsustained ventricular tachycardia
(NSVT), proband status, inducibility at electrophysiology
study (EPS), and premature ventricular contraction count
>1000/24 h. NSVT and EPS remained as significant predic-
tors on multivariable analysis. The authors also observed that
there is an increased risk of ventricular arrhythmias and ICD
interventions in the presence of multiple risk factors. Lastly,
more frequent ventricular ectopy was associated with progres-
sively more common ICD therapy.

Recently, an international task force consensus statement
for the treatment of ARVD/C has been published [18••]. Their
recommendation is that patients with ARVD/C who have ex-
perienced hemodynamically unstable VT or VF, and those
with severe systolic dysfunction of RV, LV, or both irrespec-
tive of arrhythmias, should receive an ICD (class I). An ICD

Table 1 2010 Task Force Criteria for the diagnosis of ARVD/C

1. Global or regional dysfunction and structural alterations

Major

2nd echo criteria

Regional RVakinesia, dyskinesia, or aneurysm and 1 of the
following measured at end diastole

PLAX RVOT ≥32 mm or PSAX RVOT ≥36
Fractional area change ≤33 %

MRI criteria

Regional RVakinesia or dyskinesia or dyssynchronous RV
contraction and 1 of the following:

Ratio of RV end-diastolic volume to BSA ≥100, 110 ml/m2
(male) or ≥100 ml/m2

RVejection fraction >40 % ≤45 %

RVangiography criteria

Regional RVakinesia, dyskinesia, or aneurysm

Minor

2nd echo criteria

Regional RVakinesia or dyskinesia or dyssynchronous RV
contraction AND 1 of the following measured at end diastole

PLAX RVOT ≥29< 32 mm or

PSAX RVOT ≥32< 36
Fractional area change >33 % ≤40 %

MRI criteria

Regional RVakinesia or dyskinesia or dyssynchronous RV
contraction and 1 of the following

Ratio of RVend-diastolic volume to BSA ≥110 ml/m2 (male) or
≥100 ml/m2

RVejection fraction ≤40 %

2. Tissue characterization of wall

Major

Minor

Residual myocytes 60–75 % by morphometric analysis (or 50–
65 % if estimated), with fibrous replacement of the RV free wall
myocardium in ≥1 sample, with or without fatty replacement of
tissue on endomyocardial biopsy

3. Repolarization abnormalities

Major

Inverted T waves in right precordial leads (V1, V2, and V3) or
beyond in individuals >14 years of age (in the absence of
complete RBBB QRS ≥120 ms)

Minor

Inverted T waves in V1 and V2 in individuals >14 years of age (in
the absence of complete RBBB) or in V4, V5, and V6

Inverted T waves in leads V1, V2, V3, and V4 in individuals
>14 years of age in the presence of a complete RBBB

4. Depolarization/conduction abnormalities

Major

Epsilon wave (reproducible low-amplitude signals between end of
QRS complex to onset of T wave) in the right precordial leads
(V1–3)

Minor

Late potentials by SAECG in ≥1 of 3 parameters in the absence of a
QRSd ≥110 ms on standard ECG

Filtered QRS duration (fQRS) ≥114 ms

Table 1 (continued)

Duration of terminal QRS <40 micro V ≥38ms
Root-mean-square voltage of terminal 40ms ≤micro V
Terminal activation duration ≥55ms measured from the nadir of the

end of the QRS, including R’, in V1, V2, or V3 in absence of complete
RBBB
5. Arrhythmias
Major

Nonsustained or sustained VT of LBBB morphology with superior
axis
Minor

Nonsustained or sustained VT of RVOT configuration, LBBB
morphology with inferior axis or of unknown axis

>500 PVCs per 24h (Holter)
6. Family history
Major

ARVD/C in first-degree relative who meets Task Force Criteria
ARVD/C confirmed pathologically at autopsy or surgery in first-

degree relative
Identification of pathogenic mutation categorized as associated or

probably associated with ARVD/C in the patient under evaluation
Minor

History of ARVD/C in first-degree relative in whom it is not
possible to determine whether the family member meets Task Force
Criteria

Premature sudden death (<35years of age) due to suspected ARVD/
C in a first-degree relative

ARVD/C confirmed pathologically or by current Task Force Criteria
in second-degree relative

(Adapted with permission from Marcus et al. [12])

ARVD/C arrhythmogenic right ventricular dysplasia/cardiomyopathy,
BSA body surface area, LBBB left bundle branch block, PVC premature
ventricular contraction, RBBB right bundle branch block, RVOT right
ventricular outflow tract, SAECG signal-averaged ECG, VT ventricular
tachycardia
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should be considered in ARVD/C patients that have experi-
enced hemodynamically stable sustained VT and also in indi-
viduals with unexplained syncope, moderate ventricular dys-
function, or NSVT (class IIa).

Minimizing Symptoms and Preventing ICD
Interventions

Pharmacologic Therapy

Few studies have been done to establish the efficacy and safe-
ty of pharmacologic therapy in ARVD/C. Beta-blockers are
used for almost all patients with the disease based on the fact
that they reduce risk of sudden cardiac death in patients with-
out ARVD/C. Furthermore, high-dose isoproterenol can trig-
ger VT in patients with the disease [19, 20] and most of the
arrhythmias and SCD are triggered by exercise. In summary,
beta-blocker therapy is recommended in ARVD/C patients
with recurrent VT, appropriate ICD therapies, or inappropriate
ICD interventions resulting from sinus tachycardia, supraven-
tricular tachycardia, or atrial fibrillation/flutter with high-
ventricular rate (class I). Beta-blocker therapy should be con-
sidered in all patients with ARVD/C irrespective of arrhyth-
mias (class IIa) [18••].

ACE inhibitors are commonly used as afterload reducers in
patients with ARVD/C. Even though there are no published
trials in patients with ARVD/C, there is enough data
supporting the use of these medications in a broader popula-
tion of patients with cardiomyopathy [14].

When it comes to antiarrhythmic agents, the goal is to
improve quality of life by preventing symptomatic ventricular
arrhythmias and ICD discharges. Again, there are no random-
ized control trials to compare the different antiarrhythmic
drugs available, but amiodarone and sotalol are commonly
used.

Catheter Ablation

Catheter ablation is an option for treatment of patients with
ARVD/C who have ventricular tachycardia. It is important to
recognize that the role of catheter ablation in patients with
ARVD/C is not curative but improves quality of life by de-
creasing the frequency of episodes of VT.

Several studies have evaluated the outcomes of catheter
ablation of VT in patients with ARVD/C [21–23]. Dalal
et al. reported on a cohort of 24 patients with ARVD/C who
underwent VT ablation [21]. There was a high rate of recur-
rence of VT in ARVD/C patients undergoing radiofrequency
catheter ablation (RFA). The cumulative VT-free survival was
75% at 1.5 months, 50% at 5 months, and 25% at 14months.
Another study [22] reported on an expanded series of 87 pa-
tients who underwent a total of 175 VT ablations. The free-
dom fromVTwas 47% at 1 year, 21% at 5 years, and 15% at
10 years, over a follow-up of 88.3±66 months. After epicar-
dial ablation, the cumulative freedom ofVTwas 64% at 1 year
and 45 % at 5 years.

Most recently, a single center experience on 30 ARVD/C
patients who underwent endo-/epicardial mapping and epicar-
dial catheter ablation of VT has been published [23]. Eight
(27 %) patients had VT recurrence after epicardial RFA. Most
of the VT recurrences occurred during exercise, in the first
year after the procedure, had fast cycle lengths and required
an ICD intervention for termination. VT-free survival was
83% at 6 months, 76 % at 12 months, and 70 % at 24 months.
There was a significant reduction of VT burden (P<0.001).

The current recommendations for catheter ablation are for
patients with incessant VT or frequent appropriate ICD thera-
pies despite maximal pharmacological therapy. An epicardial
approach is for those who fail one or more attempts of endo-
cardial VT ablation (class I) [18••].

Exercise Restriction

The observation that there is a disproportionate number of
athletes among patients with ARVD/C led to the hypothesis
that exercise is an environmental factor in the pathogenesis of
this disease. Consequently, many studies have reported that

Fig. 1 Cardiac MRI of a patient with ARVD/C. Bright blood images in
the right ventricular outflow tract (RVOT) plane obtained in end diastole
(a) and end systole (b) show microaneurysms (arrows) in the RV free
wall with persistent bulge in both phases. Short-axis bright blood images
obtained in end diastole (c) and end systole (d) demonstrate dyskinesis at
the acute angle of the RV and hypokinesis in the inferior wall
(arrowheads) (Reproduced from Calkins [14], with permission from
Elsevier.)
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there is a clear relationship between ARVD/C and exercise.
Furthermore, endurance exercise can evoke an earlier presen-
tation of ARVD/C and have a more severe clinical course
manifested by earlier onset arrhythmias, structural dysfunc-
tion, heart failure, and need for transplant [24–27].

The role of exercise in patients with and without mutations
as well as the important question of a safe exercise threshold
has been reported by the Johns Hopkins ARVD/C Program
[28••, 29••, 30]. These studies have shown that patients with
ARVD/C should not practice high endurance exercise,
regardless of their genotype. Although it might be
potentially safe for healthy mutation carriers to practice the
minimum exercise a healthy adult recommended by the
American Heart Association (AHA), there is still more
research needed to find what is the threshold needed to
trigger the onset of ARVD/C.

In summary, exercise restriction is a key component in the
management of ARVD/C. Recently, an update to the 36th
Bethesda Conference Eligibility Recommendations for
Competitive Athletes with Cardiovascular Abnormalities’
has been published by the AHA and the American College
of Cardiology [31]. The current recommendation is avoidance
of all competitive activities for patients with probable, border-
line, or definite diagnosis of ARVD/C except for sports with a
low cardiovascular demand (class III, Level of Evidence C).

The ARVD/C treatment consensus statement, published by
Corrado et al. [17], concluded that patients with a definite
diagnosis of ARVD/C should not participate in competitive
or endurance sports (class I) with the possible exception of
recreational low-intensity sports (class IIa). Restriction from
competitive sports may be considered in ARVD/C family
members that are healthy gene carriers (class IIa) and those
that have an unknown genotype.

Prevent Progression

It is important to note that no studies have examined the extent
and rate of progression of ARVD/C. One of the most impor-
tant tools in preventing disease progression is restriction of
exercise. We have outlined the considerable data supporting
this relationship in the section above.

Cardiac Transplantation

Cardiac transplantation is reserved for patients that have in-
tractable arrhythmias and/or heart failure. Tedford et al. [32]
reviewed 18 ARVD/C patients who underwent heart trans-
plantation. The mean age of the first symptom was 24
± 13 years, with an average age at transplantation of 40
± 14 years. Patients who received a transplant had a more
prolonged course of the disease and a relatively early onset.

Summary and Conclusion

ARVD/C is an inherited cardiomyopathy characterized clini-
cally by ventricular arrhythmias, sudden death, and right ven-
tricular dysfunction. Due the variable penetrance and expres-
sivity of ARVD/C, the diagnosis is often challenging and re-
quires a multifaceted approach to patient evaluation. The man-
agement of ARVD/C is aimed at decreasing the incidence of
sudden cardiac death by identifying the patients that would
benefit from an ICD. ICDs significantly reduce mortality in
patients with ARVD/C. Antiarrhythmic drugs and VTablation
are used to decrease the burden of symptomatic ventricular
arrhythmias. Exercise restriction is key to prevent disease pro-
gression. Cardiac transplantation is reserved for patients that
have intractable arrhythmias and/or heart failure.
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