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Keywords

Key Points

1 Arrhythmogenic right ventricular cardiomyopathy (ARVC)
is a disease affecting the right, and/or the left ventricle, and
commonly presents as an electrical disorder with ventricular
arrhythmias and increased risk of sudden cardiac death.

2 ARVC cannot be diagnosed by a single test, and is a
clinical diagnosis supported by electrophysiologic, mor-
pho-functional, genetic, and histological data based on
the 2010 Task Force 2 criteria.

3 Familial involvement occurs in more than 50%, and refer-
ral to a specialist centre with access to genotyping is
appropriate in selected cases.

Arrythmogenic right ventricular cardiomyopathy e Arrhythmia e Sudden cardiac death ¢ Genetics

4 Implantable cardioverter-defibrillator (ICD) therapy car-
ries risk, and appropriate thresholds should apply before
offering this, particularly in younger individuals.

Clinical Characteristics

Definition and Prevalence

Arrhythmogenic right ventricular cardiomyopathy (ARVC)
is an inherited myocardial disorder characterised by apopto-
tic loss of cardiomyocytes and their replacement with fibro-
fatty tissue [1]. Although the right ventricle (RV) is preferen-
tially and predominantly affected, the left ventricle (LV) is

Abbreviations: ARVC, arrythmogenic right ventricular cardiomyopathy; RV, right ventricle; LV, left ventricle; VA, ventricular arrhythmias; VT, ventricular

tachycardia; TAPSE, tricuspid annular plane systolic excursion; EACVI, European Association of Cardiovascular Imaging; TFC, Task Force Criteria; CMR,

cardiovascular magnetic resonance; CT, computed tomography; ICD, implantable cardioverter-defibrillator
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also commonly involved [2]. Recently, the European Associ-
ation of Cardiovascular Imaging (EACVI) has recommended
renaming this entity as “Arrhythmogenic Cardiomyopathy”
(AC) in recognition of the biventricular disease expression
[3]. However, the term, AC, has not yet become widely
adopted, and, for the sake of consistency with previous
guidelines, the term ARVC will be used herein. The preva-
lence of ARVC is highly variable in different geographies,
with estimates of between 1 in 2,000 and 1 in 5,000 [3,4]. Our
understanding of the disease continues to evolve in parallel
with wider recognition of the condition, more comprehen-
sive phenotypic characterisation and deeper understanding
of the underlying genetic mechanisms.

Clinical Presentation

As implied by its name, ARVC is first and foremost a disease
associated with the development of significant ventricular
arrhythmias (VA). It most commonly presents with palpi-
tations and syncope, but can also become first manifest as
sudden death or resuscitated cardiac arrest. The onset of
symptoms is usually between 20 and 40 years of age, but
cases can occur in childhood. Unlike other genetic cardio-
myopathies such as hypertrophic cardiomyopathy (HCM),
late presentation does not confer a benign prognosis [5]. The
male: female ratio is about 3:1 at presentation, but in gen-
otyped cohorts the sex ratio is unity. While the clinical
course is usually progressive, the rate is highly variable.
Conventionally four stages have been described, (latent,
symptomatic ventricular arrhythmias, isolated right heart
failure, dilated biventricular cardiomyopathy) but recent
studies employing late enhancement magnetic resonance
support a biventricular pathology in the majority of patients
from the outset [6]. Certain regions of the right ventricle are
classically affected, the so-called triangle of dysplasia (out-
flow tract, apex, sub-tricuspid area). The disease process
begins in the epicardium and progresses inwards in most
cases. ARVC has been unusually prominent as a cause of
death in young athletes in Italy, with a particular concen-
tration in the Veneto region. There is strong evidence that
ARVC is a desmosomal disease, and this would accord with
the thinner walled RV initially showing morphologic
change, especially in athletes or other individuals with high
exercise levels in whom there is some evidence that symp-
toms and sudden death present at a younger age [7]. Knowl-
edge of the responsible genetic mutations is presently
incomplete and their relation to the phenotype is likely
complex.

Clinical Diagnosis

Arrhythmogenic right ventricular cardiomyopathy can-
not be diagnosed by a single test, and is a clinical diag-
nosis supported by electrophysiologic, morpho-
functional, genetic, and histological criteria. The initial
Task Force criteria (TFC) (see below) were agreed in 1994
but lacked sensitivity for affected family members and
possibly asymptomatic younger people at increased risk
of sudden death. The 2010 modified Task Force criteria

have improved sensitivity (Table 1) [4,8]. These modified
guidelines are more prescriptive for defining morpho-
logic RV changes with separate criteria for echocardio-
graphic and magnetic resonance imaging (MRI)
assessments. The diagnostic terminology for the revised
task force criteria are:

Definite diagnosis: Two (2) major or one major and two
minor criteria or four minor from different categories;

Borderline: One (1) major and one minor or three minor
criteria from different categories;

Possible: One (1) major or two minor criteria from differ-
ent categories.

Electrophysiologic Criteria

It is important to emphasise that ARVC is a disease pheno-
typically characterised by significant arrhythmias and dis-
turbances of normal ventricular electrophysiology. Imaging
abnormalities in isolation, particularly in the absence of a
reasonable pre-test probability, are unlikely to represent
sufficient grounds to correctly diagnose this condition
according to Revised Task Force Criteria [8]. Patients pre-
senting with VA need detailed expert assessment to work
through the mechanism and differential diagnosis of the
underlying condition, particularly to exclude a scar-related
re-entrant aetiology. In the absence of structural heart dis-
ease, idiopathic VT, often due to a focus of triggered activity
in the outflow tracts is a possible diagnostic consideration [9].
ARVC can present with similar ventricular tachycardia (VT)
at an early stage when there is limited and patchy structural
disease only, making diagnosis difficult. Conversely, in high-
level athletes with VT, it can be extremely difficult to exclude
ARVD in the presence of the ventricular remodelling often
seen in this group [7].

Given its predilection to cause significant ventricular
fibrosis, symptoms related to scar-related VAs, such as
rapid palpitations and syncope, are the most frequent mode
of presentation of patients with ARVC. Frequent ventricular
ectopy and non-sustained VAs are also common. The major-
ity of ventricular tachycardia (VT) in this condition has left
bundle branch block (LBBB) morphology reflecting its ori-
gin from the right ventricle. Patients with focal idiopathic
outflow tract VT in a setting of structurally normal hearts
have inferior frontal plane QRS axis. However, this mor-
phology can also be seen in ARVD, particularly exercise-
induced VTs due to triggered activity, and hence forms a
Minor Criterion. Ventricular tachycardia exhibiting LBBB
configuration with superior axis comprises a Major Criteria
given that this is not a typical pattern for idiopathic VTs.
Frequent ventricular ectopy forms a Minor Criteria but it
should be noted that complex ectopy induced by high-dose
isoprenaline challenge represents an emerging diagnostic
investigation in ARVC [10].

There are several characteristic abnormalities seen on elec-
trocardiograph (ECG) during sinus rhythm that are sugges-
tive of ARVC [Figure 1]. These reflect abnormalities of
repolarisation and/or depolarisation. Although no ECG pat-
tern is pathognomonic of the disease, and an abnormal ECG
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Table 1 Updated Task Force Criteria (2010) for ARVD/C.

Original task force criteria

I. Global or regional dysfunction and structural alterations

Major

- Severe dilatation and reduction of RV ejection

fraction with no LV impairment
- Localised RV aneurysms

- Severe segmental dilatation of the RV

Minor

- Mild global RV dilatation and/or ejection
fraction reduction with normal LV

- Mild segmental dilatation of the RV

- Regional RV hypokinesis

II. Tissue characterisation of wall

Major

- Fibrofatty replacement of myocardium on
endomyocardial biopsy

Minor -

III. Repolarisation abnormalities

Major -

Minor

- Inverted T waves in right precordial leads (V2

and V3) (people age >12 years, in absence of
right bundle-branch block)

Revised task force criteria

Major
By 2D echo:

Regional RV akinesia, dyskinesia or aneurysm and 1 of the following
(end diastole and corrected for body size (PLAX/BSA)):

- PLAX RVOT >32 mm PLAX/BSA >19 mm/m?

- PSAX RVOT >36 mm PSAX/BSA >21 mm/m’

- Fractional area change <33%

By MRI:

Regional RV akinesia or dyskinesia or dyssynchrounous RV
contraction and 1 of the following:

- Ratio of RV EDV to BSA >110 ml/m > (male) or >100 ml/m?
(female)

- RV ejection fraction <40%

Minor

By 2D echo:

Regional RV akinesia or dyskinesia and 1 of the following (end
diastole and corrected for body size (PLAX/BSA))

- PLAX RVOT >29 to <32mm PLAX/BSA >16 to <19 mm/m’
- PSAX RVOT >32 to 36 mm PSAX/BSA >18 to <21 mm/m?

- Fractional area change >33% to <40%

By MRI:

Regional RV akinesia or dyskinesia or dyssynchrounous RV
contraction and 1 of the following:

- Ratio of RV EDV to BSA >100 to <110 ml/m ? (male) or >90 to
<100 ml/m ? (female)

- RV ejection fraction >40% to <45%

Major

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

Minor

- Residual myocytes 60% to 75% by morphometric analysis (or 50%
to 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

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
right bundle-branch block QRS >120 ms)

Minor

- Inverted T waves in leads V1 and V2 in individuals 14 years of age
(in the absence of complete right bundle-branch block) or in V4, V5,
or V6

- Inverted T waves in leads V1, V2, V3, and V4 in individuals 14
years of age in the presence of complete right bundle-branch block
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IV. Depolarisation/conduction abnormalities

Major

- Epsilon waves or localised prolongation (0.110
ms) of the QRS complex in right precordial leads
(V1 to V3)

Minor

- Late potentials (SAECG)

V. Arrhythmias
Major -

Minor
- Left bundle-branch block-type ventricular
tachycardia (sustained and nonsustained)

- Frequent ventricular extrasystoles (1,000 per
24 hrs)

V1. Family history

Major

- Familial disease confirmed at necropsy or
surgery

Minor
- Family history of premature sudden death (35
years of age) due to suspected ARVC/D

- Familial history (clinical diagnosis based on
present criteria)

Major

- Epsilon wave (reproducible low-amplitude signals between end of
QRS complex to onset of the T wave) in the right precordial leads
(V1 to V3)

Minor

- Late potentials by SAECG in >1 of 3 parameters in the absence of a
QRS duration of >110ms on the standard ECG

- Duration of terminal QRS <40 mV >38 ms

- Root-mean-square voltage of terminal 40 ms <20 mV

- Terminal activation duration of QRS >55 ms measured from nadir
of the S wave to the end of the QRS including the R1 in V1, V2 or V3
in the absence of complete right bundle branch block

Major

- Nonsustained or sustained ventricular tachycardia of left bundle-
branch morphology with superior axis (negative or indeterminate
QRS in leads II, III, and aVF and positive in lead aVL)

Minor

- Nonsustained or sustained ventricular tachycardia of RV outflow
configuration, left bundle-branch block morphology with inferior axis
(positive QRS in leads II, III, and aVF and negative in lead aVL) or of
unknown axis

- >500 ventricular extrasystoles per 24 hrs

Major

- ARVC/D confirmed in a first-degree relative who meets current
Task Force criteria

- ARVC/D confirmed pathologically at autopsy or surgery in a first-
degree relative

- Identification of a pathogenic mutation categorized as associated or
probably associated with ARVC/D in the patient

Minor

- History of ARVC/D in a first-degree relative in whom it is not
possible or practical to determine whether the family member meets
current Task Force criteria

- Premature sudden death (35 years of age) due to suspected ARVC/
D in a first-degree relative

- ARVC/D confirmed pathologically or by current Task Force
Criteria in second-degree relative

Abbreviations: PLAX, parasternal long-axis view; RVOT, right ventricle outflow tract; BSA, body surface area; PSAX, parasternal short-axis view; aVF, augmented

voltage unipolar left foot lead; aVL, augmented voltage unipolar left arm lead; ARVC, arrythmogenic right ventricular cardiomyopathy; RV, right ventricular; LV,

left ventricular; 2D, two dimensional; SAECG, signal-averaged electrocardiography; MRI, magnetic resonance imaging.

Hypokinesis is not included in this or subsequent definitions of RV regional wall motion abnormalities for the revised criteria.

A pathogenic mutation is a DNA alteration associated with ARVC/D that alters or is expected to alter the encoded protein, is unobserved or rare in a large non-

ARVC/D control population, and either alters or is predicted to alter the structure or function of the protein or has demonstrated linkage to the disease phenotype

in a conclusive pedigree.

Source: Marcus FI, et al: Diagnosis of arrhythmogenic right ventricular cardiomyopathy/dysplasia proposed modification of the task force criteria [4].

is not necessarily a part of the phenotype, particularly early
in the disease course, the greater the degree of abnormality
the more likely the diagnosis. This is reflected in the Revised
Task Force Criteria, with T wave inversion in V1-V3 or
beyond (in the absence of RBBB) in those >14 years of age
now being a Major Criterion. When present however, the T

wave inversion in the right precordial leads correlates with
RV enlargement and fibro-fatty infiltration and similar inver-
sion in the lateral or inferior leads seems to correlate with LV
involvement.

Like these repolarisation abnormalities, significant ventric-
ular fibrosis affects depolarisation in a regional manner [11].
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Figure 1 ECG of a patient with genotype-positive ARVC and clinical features of ventricular arrhythmias and confirmatory
EP study. Note the T-wave inversion in the anterior leads (particularly V1, V2, red arrows).
Abbreviations: EP, electrophysiology; ECG, electrocardiograph; ARVC, arrythmogenic right ventricular cardiomyopathy.

Delayed and distorted wavefront propagation lead to late
potentials occurring in the terminal portion of the QRS. Late
potentials may be detected by signal-averaged ECG but their
overt presence as an epsilon wave on the surface ECG is
usually a late feature [12]. The reproducibility and interob-
server agreement of diagnosing the presence of epsilon
waves is low [12]. Depolarisation abnormalities related to
slowed wavefront conduction in the scarred right ventricle
(parietal block) form a Minor criterion, with prolonged S
wave duration in the right precordial leads. This is associated
with a prolonged total endocardial right ventricular activa-
tion time on invasive mapping [13].

Imaging

Morphologic assessment of the RV is hampered by its archi-
tecture and an inadequate knowledge of the limits of normal-
ity,so thatsubtle early changes are easily missed. The preferred
imaging modality is MRI and the modified Task Force criteria
are more precise in what constitutes minor and major abnor-
malities. The ability to demonstrate late enhancement with
MRI scanning has been an advance and has increased detection
of LV involvement, although no provision for this information
is presently included in the current Task Force criteria. Biplane
right ventricular angiography may also be helpful, however
the presence of so-called abnormal findings in the normal
population and inter-observer variation limit its diagnostic
utility [26]. The only imaging modality at present that can
comment on tissue characterisation is MRI. However, there
are concerns that fatty infiltration can be overinterpreted and
could lead to an overdiagnosis of ARVC [8].

Echocardiography

Echocardiography is widely accessible and convenient and,
for these reasons, it remains an important investigation in

both the diagnosis of, and screening for, ARVC. Echo has
traditionally struggled to image the RV well due to its ana-
tomical position, challenging acoustic windows, complex
geometrical shape and load dependent physiology. The rel-
atively poor sensitivity of echo to detect early disease
remains a key clinical consideration. For these reasons, if
ARVC is considered clinically likely, echocardiography
should not be used as the sole imaging modality.

The hallmarks of ARVC on echo are RV regional wall
motion abnormalities, localised RV aneurysms, global RV
dysfunction and RV dilatation. The recommendations of
the TFC 2010 focussed on standard two dimensional (2D)
echo measurements such as the RV outflow tract (RVOT)
diameter in both the parasternal long and short axes and
calculation of the RV fractional area change (RVFAC) (Table
1) with a combination required to fulfil the diagnostic criteria.
Whilst the specificity of these measures is high, their sensi-
tivity is relatively modest given the comparative difficulty in
imaging these areas and the fine margins, often millimetres,
within the criteria (TFC 2010). Indeed, a 2014 study from the
Nordic ARVC Registry demonstrated that just 50% of ARVC
definite individuals who were cardiac magnetic resonance
image (CMR) positive for the features of ARVC fulfilled the
TFC 2010 echocardiographic criteria [14].

The additional measurements of the RV basal diameter
and tricuspid annular plane systolic excursion (TAPSE) from
the four-chamber view have been suggested by the EACVI in
their recent Expert Consensus Document [3]. This document
also considered the improvements in technology since 2010
to incorporate some of the emerging quantitative indices of
both the RV and LV.

¢ Tissue Doppler: Tissue Doppler Derived Tricuspid Lateral
Annular Systolic Velocity (TV s’) is angle dependent but
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has been shown to correlate well with other measures of
global RV function.

e Right ventricular speckle tracking: An RV focussed four-
chamber view can be used to measure both RV free wall
peak systolic strain (average of the three free wall seg-
ments) and RV global peak systolic strain (average of the
three free wall segments plus three segments from the
interventricular septum). Both have been shown to be
reduced in small studies comparing ARVC patients with
controls [15]. RV mechanical dispersion, which is more
pronounced in ARVC, can also be calculated as the stan-
dard deviation of time-to-peak strain [15].

e Right ventricular 3D echo: Published reference values are
available for 3D volumes and ejection fraction [16]. RV 3D
ejection fraction (EF) of <40% is abnormal although there is
limited data in the setting of ARVC.

e Left ventricular speckle tracking: LV global longitudinal
strain has been shown to be a reliable marker of subclinical
LV dysfunction in many conditions, often in the presence
of a preserved 2D Simpson’s biplane ejection fraction. LV
involvement is thought to occur in50% of all cases and has
shown to be predict adverse outcomes in ARVC [17].
However, changes in left ventricular-global longitudinal
strain (LV-GLS) are non-specific and may relate to pathol-
ogies other than ARVC.

Cardiac MRI

Cardiac magnetic resonance (CMR) is the reference standard
for evaluation of right ventricular size, systolic function, and
presence/absence of wall motion abnormalities. The TFC
2010 include CMR parameters of RV regional dysfunction,
reduced RV-EF and enlarged indexed RV end-diastole vol-
ume, as well as localised RV wall thinning and presence of
micro/macro-aneurysms.

Due to the complex RV geometry, it is important to image
all of the RV walls in multiple imaging planes (and not just a
single LV short axis series, which is prone to through-plane
motion, and which may give rise to the false appearances of
micro/macro-aneurysms). Evaluation of the RV is complex,
subjective, and requires expert CMR reporters for accurate
diagnosis. Significant wall motion abnormalities are akine-
sis/dyskinesis, but importantly hypokinesis alone is not
included in the definition of RV regional wall motion abnor-
malities in the revised Task Force Criteria [3,4].

The EACVI has issued a recommended CMR Imaging
Protocol for evaluation of ARVC (Supplementary Data, Hau-
gaa et al. [3]). Although fibro-fatty infiltration can sometimes
be detected by MRI, this is not currently part of the TFC
criteria and remains a histopathologic diagnosis, therefore fat
imaging by MRI is not routinely recommended.

The presence of late gadolinium enhancement (LGE) oninver-
sion recovery post-contrast imaging may aid in the assessment
of patients presenting with ventricular tachycardia, as the cause
of VT may relate to other conditions which may be identified on
LGE imaging. Patients with Desmoplakin mutations may
exhibit early LV involvement with sub-epicardial LGE that
can be mistaken for myocarditis [18].

As ARVC is a complex disease entity, with clinical, elec-
trical, and morpho-functional diagnostic aspects, it is recom-
mended that the CMR report describe the RV volumes,
presence/absence of regional dyskinesia, and whether the
findings form a Minor or Major criterion. Of critical impor-
tance, the diagnosis of ARVC cannot be established by CMR
alone, thus this diagnosis should not be concluded in the
report.

Phenocopies

Many other conditions (which are far more common than
ARVC) may cause RV enlargement, dysfunction, and be
associated with arrhythmias (such as atrial or ventricular
shunts, anomalous pulmonary venous drainage, RV infarc-
tion, primary tricuspid regurgitation). Given the rarity of true
ARVC, consideration must be given to these differential
diagnoses, imaging should be tailored to exclude these where
possible, and appropriate attention paid to the pre-test prob-
ability of ARVC in each individual case when interpreting
imaging findings.

Computed Tomography

Cardiac computed tomography (CT) is not currently recom-
mended in the routine diagnostic workup of patients with
ARVC. However, current generation multidetector computed
tomography has high spatial resolution and may allow mea-
surement of RV and LV volumes and systolic function. This
may be applicable for patients who have suboptimal echo
windows, and contraindications to CMR scanning (such as
non-conditional implanted devices). The 2010 ACC/AHA
Cardiac CT appropriate use criteria describe Cardiac CT as
““appropriate” for the evaluation of structural RV and/or LV
remodelling in suspected AC, in particular for those patients in
the above context. However, due to the ionising radiation
exposure (and, for functional analysis, increased exposure is
required using retrospective gating to acquire both systolicand
diastolic phases), CT is not recommended as first line for AC.

Histology

Abnormal histology can contribute a major criterion, but
many histopathologists lack sufficient experience to make
a confident interpretation. Recently, immunohistochemical
analysis of an endomyocardial biopsy sample was reported
as a possibly highly sensitive and specific diagnostic test for
ARVC. Interestingly, plakoglobin signal levels were reduced
in normal-appearing LV as well as areas showing typical
fibrofatty change in the RV. Unfortunately, ongoing work
suggests this finding may be similarly present in dilated
cardiomyopathy so that its specificity and clinical value
remain to be determined.

Molecular Genetics

Familial involvement occurs in more than 50%, but unex-
pected deaths in family members older than 35 years do not
qualify as a Minor criterion. Modified Task Force criteria (one
minor criterion only) have been proposed, but not
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universally accepted for family members with a diagnosed
proband.

Genetic screening is commercially available in major
centres world-wide, and referral to a specialist centre with
access to genotyping may be appropriate in selected cases
[19]. There are five main desmosomal genes associated with
ARVC: plakophilin-2 (PKP2), desmoplakin (DSP), desmo-
glein (DSG-2), desmocollin (DSC2), and plakoglobin (JUP).
Inheritance is autosomal dominant unless otherwise speci-
fied. Multiple mutations have been reported to be associated
with an increased risk of sudden death. Identification of a
variant categorised as pathogenic or likely pathogenic to
cause ARVC has now been assigned major criterion status
in the revised criteria.

Plakophilin-2 (PKP2) is the most commonly implicated
disease gene with mutations reported in 6-43% of Task
Force-positive patients, with penetrance among mutation
carriers reported to be nearly 50%. Patients carrying PKP2
mutations present at an earlier age than those without muta-
tions and the arrhythmia-free survival is lower. Desmoglein-
2 (DSG2) and Desmocollin-2 (DSC2) mutations have been
predominantly associated with left ventricular involvement.
Desmoplakin (DSP) mutations have been identified in two
autosomal recessive syndromes (Carvajal and a “‘Naxos like”
syndrome) and in some patients in the North American
ARVC Registry. It is hypothesised that desmoplakin muta-
tions predispose to early left ventricular involvement from
disruption of cytoskeletal integrity. Homozygous mutations
in Plakoglobin (JUP) are associated with Naxos disease, an
autosomal recessive condition characterised by palmo-plan-
tar hyperkeratosis and woolly hair. The transmembrane gene
TMEM43 has been implicated in ARVD5 in Newfoundland
families and affected males have a median survival of 41
compared to 83 years in mutation-free individuals. Affected
males are also three times more likely to develop heart
failure. A few families’” mutations have been described in
transforming growth factor beta 3 (TGF-B3) and cardiac
ryanodine receptor (RYR2) genes, but their significance
seems presently marginal.

The main role of genetic testing in ARVC is both to confirm
diagnosis but also in screening family members by cascade
genetic testing. Pre- and post- test genetic counselling is
recommended in all patients and family members consider-
ing genetic testing.

Management
Affected Individuals

Exercise

Strenuous exercise (e.g. basketball, squash, skiing, soccer,
singles tennis, cycling, running and windsurfing) is strongly
recommended to be avoided. There is a plausible explana-
tion as to why such exercise might be deleterious with the
thinner walled right ventricle more vulnerable to cellular
disruption and early registry experience would corroborate
this view [7].

Implantable Cardioverter-Defibrillator
(ICD)

Recent data have allowed for the production of risk stratifi-
cation schemes for sudden death in ARVC [20]. The only
effective known risk mitigation tool is the ICD. There is
consensus that cardiac arrest survivors or patients with
sustained VT should have an ICD. There is also acknowl-
edgment of the high risk conferred by ventricular dysfunc-
tion, syncope and nonsustained VT, and thus primary
prevention ICD should also be recommended to these
patients. Patients without identified risk factors or healthy
desmosomal gene mutation carriers have no indication for
an ICD at present [20].

Particularly in young patients, the lifetime risk of ICD
implantation is not trivial. Late ICD system infections, endo-
carditis, inappropriate shocks, vascular occlusion and lead
failure can all occur. The latter may occur in up to 20% by 10
years [21]. With progressive right ventricular scarring, R
wave amplitude sensing may become significantly impaired
over time in patients with ARVC [22]. Lead thromboembo-
lism may raise pulmonary pressure and potentially worsen
right ventricular function [23]. Lead-related tricuspid valve
dysfunction may also hasten right ventricular decline. A
signification number of patients may come to require lead
extraction over the long-term, a procedure with considerable
morbidity and mortality. Given these transvenous lead-
related risks of conventional ICDs, subcutaneous ICDs
may have important advantages in this group of patients
but come at the cost of a significant inappropriate shock rate,
shorter battery longevity and lack of anti-tachycardia pacing
that may terminate VT painlessly.

Antiarrhythmic Drugs

It should be stressed that ICDs are not a treatment for VAs
but are implanted to mitigate against the risk of sudden death
in ARVC. Implantable cardioverter-defibrillator shocks are
painful and thus all patients with ICDs and sustained VT
need management of the arrhythmia with either antiarrhyth-
mic drugs or catheter ablation.

Beta blockers, sotalol and amiodarone are the most com-
monly used antiarrhythmic agents to treat symptomatic ven-
tricular arrhythmias and prevent ICD shocks [24]. There are
no data to suggest a prognostic benefit for any of these and
extracardiac adverse effects, particularly of amiodarone, can
be debilitating and need to be closely monitored for. There is
no compelling evidence that beta blocker therapy is disease
modifying.

Catheter Ablation

Due to the limited efficacy and potential adverse effects of
antiarrhythmic drugs, catheter ablation is an important ther-
apeutic option for the management of VI in ARVC. The
initially disappointing published results were in the context
of endocardial ablation only. The disease process in ARVC
has a transmural involvement in the majority of patients and
involves the epicardium early [1]. When combined epicardial
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and endocardial catheter ablation is performed to map and
target all inducible VTs as well as aggressively modify the
ventricular substrate, good long-term antiarrhythmic drug
free outcomes are possible in the majority of patients [25].

Cardiac Transplantation

Occasional patients will come to require cardiac transplan-
tation either because of progressive right heart or biventric-
ular failure or rarely, intractable VAs.

Asymptomatic Family Members

Both a 12-lead and, if possible, a signal-averaged ECG should
be obtained on all first-degree relatives. Because of the rela-
tive insensitivity of echo, MRI scanning is also recommended
for adults and older children beginning age 10-12 years
when general anaesthesia is no longer necessary. Screening
should be repeated every 5 years until age 30, and once more
at age 40. After age 40 coronary artery disease is a greater risk
for sudden death and history and an ECG will suffice in
hitherto normal individuals. If the MRI is minimally abnor-
mal (mild segmental or global enlargement) the scan should
be repeated after 3 years, with reversion to 5-yearly thereafter
if there is no further interval change. The presence of intra-
myocardial fat by itself may be normal, but congruent late
enhancement on MRI suggests pathology. In younger chil-
dren, an ECG and an echocardiogram at 3-yearly intervals is
recommended until MRI without anaesthesia is feasible.
Genetic screening should be undertaken where possible,
but caution is warranted in concluding mutation-free indi-
viduals are necessarily at low risk until more data are
available.

Genetic Counselling

There is presently insufficient information on what to confi-
dently advise patients on the basis of presently identified
mutations. However, genetic testing should be encouraged
where the opportunity for analysis exists, to expand our
knowledge base and the opportunity for genotype-pheno-
type correlation. Notwithstanding the potential for sudden
death in a minority, it is important to emphasise that most
diagnosed patients can lead full and normal lives.

Conclusion

Arrythmogenic right ventricular cardiomyopathy most com-
monly presents as an electrical disorder, with complex
genetic and morpho-functional aspects. The current Revised
Task Force Criteria have improved the diagnosis, with more
detailed electrical, as well as functional criteria. Magnetic
resonance imaging is an important tool, but the diagnosis
cannot be made on MRI metrics alone, and pre-test proba-
bility based on electrical and genetic criteria should be con-
sidered when interpreting results. Implantable cardioverter-
defibrillator therapy carries risk, and appropriate thresholds
should apply before offering this, particularly in younger
individuals. The Task Force Criteria are likely to be updated

in the near future, at which time this document will be
reviewed.
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