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Abstract
Arrhythmogenic right ventricular cardiomyopathy (ARVC) 
is a genetic disease characterized by myocyte loss 
and fibro-fatty tissue replacement. Diagnosis of ARVC 
remains a clinical challenge mainly at its early stages 
and in patients with minimal echocardiographic right 
ventricular (RV) abnormalities. ARVC shares some 
common features with other cardiac diseases, such as 
RV outflow ventricular tachycardia, Brugada syndrome, 
and myocarditis, due to arrhythmic expressivity and 
biventricular involvement. The identification of ARVC 
can be often challenging, because of the heterogeneous 
clinical presentation, highly variable intra- and inter-family 
expressivity and incomplete penetrance. This genotype-
phenotype “plasticity” is largely unexplained. A familial 
history of ARVC is present in 30% to 50% of cases, and 
the disease is considered a genetic cardiomyopathy, 
usually inherited in an autosomal dominant pattern 
with variable penetrance and expressivity; in addition, 
autosomal recessive forms have been reported (Naxos 
disease and Carvajal syndrome). Diagnosis of ARVC 
relays on a scoring system, with major or minor 

criteria on the Revised Task Force Criteria. Implantable 
cardioverter defibrillators (ICDs) are increasingly utilized 
in patients with ARVC who have survived sudden death 
(SD) (secondary prevention). However, there are few data 
available to help identifying ARVC patients in whom the 
prophylactic implantation of an ICD is truly warranted. 
Prevention of SD is the primary goal of management. 
Pharmacologic treatment of arrhythmias, catheter ablation 
of ventricular tachycardia, and ICD are the mainstay of 
treatment of ARVC.
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Core tip: This manuscript constitutes an update on 
arrhythmogenic right ventricular cardiomyopathy (ARVC). 
Recently, molecular genetic studies have provided 
significant advances in the understanding the pathogenesis 
of ARVC. However, criteria on treatment with Implantable 
cardioverter defibrillators are still lacking. We believe that 
this topic can provide a useful instrument to physicians 
and guide them in their clinical practice.
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(ARVC) is an inherited cardiomyopathy (CMP) characterized 
by fibro-fatty replacement of  the right ventricular (RV) 
myocardium (Figures 1 and 2) that predisposes patients to 
life-threatening ventricular arrhythmias and slowly progressive 
ventricular dysfunction[1-4]. Biventricular and left-dominant 
forms of  the disease are increasingly recognized[5-7].

The estimated prevalence of  ARVC in the general 
population ranges from 1 in 2000 to 1 in 5000 individuals; 
men are more frequently affected than women, with an 
approximate ratio of  3:1[8]. ARVC is a leading cause of  
sudden cardiac death (SCD) in young people and in athletes, 
accounting for up to 10% of  deaths from undiagnosed 
cardiac disease in patients less than 65 years old[2,9-11]. In 
particular, in young adults and athletes, ARVC has been 
reported as the second most frequent cause of  SCD[11]. 
The disease expression is variable and the penetrance (the 
proportion of  carriers manifesting the disease) appears 
age-related. According to Dalal et al[12], the median age at 
onset of  the disease is 29 years, whereas it rarely manifests 
before the age of  12 or after the age of  60 years. The most 
common presenting symptoms are palpitations and syncope, 
found in 27% and 26% of  patients, respectively. Importantly, 
life-threatening ventricular arrhythmias and SCD can be the 
first presentation of  the disease[2,9-11].

ARVC has frequently a progressive course. In the early 
stage of  the disease, structural changes may be absent or 
subtle and confined to a localized region of  the RV. The 
3 most common locations of  the disease are: the anterior 
infundibulum, RV apex and subtricuspid infero-basal aspect 
of  the RV, comprising the so-called “triangle of  dysplasia”, 
considered a hallmark of  ARVC[1]. ARVC leads to RV 
dilatation or aneurysms. With disease progression, further 
involvement of  the RV free wall, and left ventricular (LV) 
involvement can occur[13-15]. 

The natural history of  ARVC, in its classic “right 
dominant” form, has been classified into 4 distinct 
phases with progressive development of  symptoms 
and structural abnormalities[3]: (1) concealed phase: a 
subclinical asymptomatic phase with mild or absence of  
identifiable structural RV abnormalities. SCD may still 
occur in this stage of  disease[2,3,10,11]; (2) overt electrical 
disorder: with palpitations, syncope and typically with 

symptomatic ventricular arrhythmias of  RV origin usually 
triggered by effort. Arrhythmias may vary from premature 
ventricular beats, to non-sustained ventricular tachycardia 
with left bundle branch block (LBBB) morphology up 
to ventricular fibrillation leading to cardiac arrest; (3) RV 
failure: progressive loss of  RV myocardium due to fibro-
fatty replacement impairs RV function and may result in 
pump failure; and (4) biventricular failure: an advanced stage 
with involvement of  the interventricular septum and LV 
causing congestive heart failure (HF). Endocavitary mural 
thrombosis may occur, especially within RV aneurysm or 
in the atria if  atrial fibrillation is present. The phenotype 
may eventually resemble an advanced dilated CMP, 
making the differential diagnosis difficult at this stage. 

The identification of  ARVC can be often challenging, 
because of  the heterogeneous clinical presentation, highly 
variable intra- and inter-family expressivity and incomplete 
penetrance. This genotype-phenotype “plasticity” is largely 
unexplained. The frequent involvement of  the LV[7,15], 
sometimes predominant, suggests that ARVC is not a 
unique entity, but a complex heterogeneous disease with 
a spectrum of  phenotypes and three possible patterns 
of  expression: the classic (39% of  cases), the left dominant 
(5%) and the biventricular (56%) forms[5]. Consequently, 
according to some Authors, in this disease it may be 
more appropriate to use the term of   “arrhythmogenic 
cardiomyopathy” instead of  the more “restrictive” ARVC 
terminology[6], (see below, section “spectrum of  disease”).

ETIOPATHOGENESIS AND GENETICS
A familial history of  ARVC is present in 30% to 50% of  
cases, and the disease is considered a genetic CMP, usually 
inherited in an autosomal dominant pattern with variable 
penetrance and expressivity; in addition, autosomal recessive 
forms have been reported (Naxos disease and Carvajal 
syndrome)[16]. Its presumed pathomechanism is presently 
thought an inherited abnormality of  myocytes adhesion 
caused by defects at the intercellular junctions, at the level 
of  desmosomes, adherens junctions or gap junctions, 
together comprising the intercalated discs[17-21]. The role 
of  other non-desmosomal genes is less well established[18].

The desmosomes have a complex structure that 
includes several families of  adhesion molecules, as the 
cadherins (desmoglein-DSG and desmocollin-DSC), 
plakins [desmoplakin-desmoplakin (DSP)], and catenins 
(plakophillin-PKP, and plakoglobin-JUP). Their main 
functional role is to link intermediate filaments of  
the intramyocellular cytoskeleton to the extracellular 
desmosomal cadherins[21-23]. Mutations in several genes 
encoding proteins of  the desmosome have been identified 
in ARVC, the majority of  which are located in 5 genes: 
plakophilin-2 (PKP2), DSP, desmoglein-2 (DSG2), 
desmocollin-2 (DSC2) and plakoglobin (JUP), the last one 
causing the autosomal recessive ARVC (Naxos disease)[16,24]. 

More uncommonly, ARVC has been related to mutations 
in other non-desmosomal genes, as transforming growth 
factor b-3, cardiac ryanodine receptor, trans-membrane 
protein 43 (TMEM43), tumor protein p63 (TP63), desmin, 
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Figure 1  Gross anatomic specimens in a patient affected by arrhythmogenic 
right ventricular cardiomyopathy who died suddenly. Severe right ventricular 
enlargement and wall atrophy and fatty replacement are evident.



lamin A/C (LMNA), alpha T-catenin (CTNNA3) and 
phospholamban[17,18]. Thus far, more than 800 genetic variants 
have been identified in 12 genes, although only around 300 
of them have been classified as clearly pathogenic[17,18]. One 
review that analyzed pooled data from major ARVC studies 
noted an overall mutation detection rate of  39.2%[24,25]. 
The most frequently affected gene is PKP2 with a reported 
detection rate of  10%-45%[26].

Recently, Taylor et al[27] identified in 7 out of  38 ARVC 
families an ARVC overlap syndrome due to rare variants in 
the gene encoding the sarcomeric protein titin (TTN), the 
largest gene in mammals. The phenotype of  TTN variant 
carriers was characterized by a frequent history of  SCD (5 of  
7 families), progressive myocardial dysfunction causing death 
or heart transplantation (8 of  14 cases), frequent conduction 
disease (11 of  14), and incomplete penetrance (86%)[27]. 
TTN filaments bridge the sarcomere along its longitudinal 
axis, overlapping end-to-end at the Z disc and M band at 
the amino and carboxyl ends, respectively, thus forming 
a contiguous filament along the myofibril. Interestingly, 
recent research showed that TTN is involved in cellular 
mechanics, specifically, in the “spring-like” properties of  
the sarcomere that underlie passive and restorative forces 
occurring after sarcomere lengthening or shortening[28-30]. 
In this ARVC “overlap” syndrome structural impairment 
of  TTN probably leads to proteolysis and apoptosis, 
which could be hypothesized as a novel mechanism 
underlying myocardial remodeling and SCD.

SPECTRUM OF DISEASE (CLASSIC 
ARVC, BIVENTRICULAR, LEFT 
DOMINANT)
The well known “classic pattern” of  ARVC is characterized 
by an increased RV to LV volume ratio and a more severe 
involvement of  the RV, with LV involvement as a possible 
late complication of  the disease[1-6]. Clinical hallmarks are 
negative anterior T waves, and ventricular arrhythmias 
with LBBB morphology.

Left-dominant arrhythmogenic cardiomyopathy (LDAC) 
is a novel entity recently described. LDAC is characterized 
by fibro-adipose replacement, which predominantly involves 
the LV and often occurs as a circumferential band in the 

outer one-third of  the myocardium and the right side of  the 
interventricular septum[7]. This CMP has a predominant (but 
not necessarily exclusive) LV involvement, characterized by 
one or more of  the following: LV wall motion abnormalities, 
chamber dilation, systolic impairment, and late gadolinium 
enhancement (LGE)[7]. Relevant clinical features of  LDAC 
include ventricular arrhythmias of  right bundle branch 
block (RBBB) morphology, and (infero)-lateral T-wave 
inversion at electrocardiogram (ECG). According to 
Sen-Chowdhry et al[6,7], LDAC can be considered one of  
the three possible patterns of  the spectrum of  ARVC, 
together with the “classical” form and the “biventricular” 
form, in consideration of  the histopathologic and genetic 
similarities. However, as alternative hypothesis, LDAC 
could be considered as a novel distinct CMP.

Biventricular arrhythmogenic cardiomyopathy
The biventricular subtype of  arrhythmogenic CMP is 
defined by early and parallel involvement of  the RV and 
LV[6]. While milder cases typically demonstrate localized 
structural abnormalities on both sides; advanced disease 
is characterized by biventricular dilation and systolic 
impairment. The clinical picture is generally characterized 
by a composite of  right-dominant and left-dominant 
features. Ventricular arrhythmias of  both RBBB and 
LBBB configuration may occur, and at least 15% of  cases 
show both morphologies of  extrasystoles, underlining the 
presence of  arrhythmogenic substrate in both ventricles. The 
ratio of  RV to LV volume remains close to 1 throughout the 
disease course[6].

Finally, it must be remembered that, as noted above, 
during the progression of  the disease an initial right or 
left-dominant pattern can evolve into a biventricular 
dysfunction[13,31].

Biventricular arrhythmogenic cardiomyopathy can 
mimic clinically and at imaging examinations a dilated 
CMP and be diagnosed only by pathologic examination 
at necropsy or of  the explanted heart[32].

CRITERIA AND CHALLENGES IF 

DIAGNOSIS
As mentioned above, the clinical diagnosis of  ARVC is 
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Figure 2  Histologic specimens of a case with arrhythmogenic right ventricular cardiomyopathy that show severe right ventricular fibro-fatty replacement 
and loss and degeneration of myocytes (Hematoxylin Eosin × 2.5, × 10).
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function, characteristic depolarization/repolarization 
ECG abnormalities, characteristic tissue pathology, typical 
arrhythmias, family history, and the results of  genetic 
testing[33]. Definitive diagnosis, based on the Revised 2010 
Task Force Criteria[33] (Table 1), requires 2 major criteria, 
1 major and 2 minor criteria, or 4 minor criteria from 
different categories. Therefore, the initial evaluation of  all 
patients suspected of  having ARVC should include physical 
examination, clinical history, family history of  arrhythmias or 
SCD, ECG (Figures 3 and 4), signal-averaged ECG, Holter 
ECG monitoring, and comprehensive noninvasive imaging 
tests focused on both ventricles, such as echocardiography 
(Figure 5). New tools for improving diagnostic accuracy 
have been introduced in the clinical practice. Among 
non-invasive investigations, cardiac magnetic resonance 
(CMR) gives accurate morpho-functional evaluation of  
both ventricles with quantitative assessment of  ventricular 
volumes and ejection fractions, and can give information 
on myocardial tissue characterization (fatty infiltration, and 

often difficult because of  the non-specific nature of  the 
disease and the broad spectrum of  phenotypic expressions. 
Consequently, ARVC is probably underestimated as milder 
cases frequently go unrecognized and non-classic sub-
types are not incorporated. Furthermore, left-dominant 
and biventricular arrhythmogenic CMP are commonly 
misattributed to dilated CMP[32], hot phases to isolated 
viral myocarditis, and early disease to idiopathic ventricular 
tachycardia or benign ventricular ectopy[5,6]. The common 
thought that ARVC is a disease of  the young and cannot 
present beyond middle age is probably an erroneous 
assumption, which becomes self-fulfilling as clinicians fail to 
consider it as a possibility in older patients. Raising clinicians’ 
awareness of  the disease and its multiple presentations is 
critical to timely diagnosis and prevention of  SCD. 

There is no single gold-standard diagnostic test for 
ARVC, and the diagnosis relies on a scoring system with 
“major” and “minor” criteria based on the demonstration 
of  a combination of  defects in RV morphology and 

1237

Major criteria Minor criteria

  RV systolic function 
  and structure

By 2D echo:
Regional RV akinesia, dyskinesia or aneurysm and one of the following 

(end diastole): 
PLAX RVOT ≥ 32 mm, 
PSAX RVOT ≥ 36 mm, 

Or fractional area change ≤ 33%

By 2D echo:
Regional RV akinesia, dyskinesia or aneurysm and 1 of  the 

following (end diastole):
PLAX RVOT ≥ 29 to < 32 mm,
PSAX RVOT ≥ 32 to < 36 mm,

Or fractional area change > 33%  to ≤ 40%
By MRI:

Regional RV akinesia, dyskinesia or aneurysm or 
dyssynchronous RV contraction and 1 of following: Ratio of RV end-

diastolic volume to BSA ≥ 110 mL/m2 or ≥ 100 mL/m2 
(or RV EF ≤ 40%)

By MRI:
Regional RV akinesia, dyskinesia or aneurysm or

dyssynchronous RV contraction and 1 of the following: 
Ratio of RV end-diastolic volume to BSA ≥ 100 to 

< 110 mL/m2 (male) or ≥ 90 to < 100 mL/m2 (female) or 
RV > 40% to ≤ 45 %

By RV angiography:
Regional RV akinesia, dyskinesia or aneurysm

By RV angiography:
Regional RV akinesia, dyskinesia or aneurysm

  Tissue 
  characterization

Residual myocytes < 60% by morphometric  analysis  with fibrous 
replacement of the RV free 

wall myocardium in ≥ 1 sample, with or without fatty replacement of 
tissue on EMB 

Residual myocytes 60% to 75% (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 EMB 
  Repolarization 
  abnormality

Inverted T waves in right precordial 
leads (V1-3) or beyond in individuals > 14 yr of age 

(in the absence of complete right bundle - branch block QRS ≥ 120 ms

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 V4-6 or inverted T waves in leads 

V1-V4 individuals > 14 yr of age in the presence of 
complete right bundle branch block 

  Depolarization 
  abnormality

Epsilon waves in the right 
 precordial leads (V1-3)

Late potential by SAECG in ≥ 1 of 3 parameters in the 
absence of a QRS duration of ≥ 110 ms on the standard 

ECG; Filtered QRS duration ≥ 114 ms; Duration of 
terminal QRS < 40 mV or ≥ 38 ms; Root-mean-square 

voltage of terminal 40 ms ≤ 20 mV; Terminal activation 
duration of QRS ≥ 55 ms measured from the nadir of the S 

wave to the end of QRS 
  Arrhythmias Nonsustained or sustained ventricular tachycardia of left bundle 

branch morphology with superior axis
Frequent ventricular extrasystoles (> 1000 per 24 h) (Holter)

Nonsustained or sustained ventricular tachycardia of RV 
outflow configuration, left bundle branch morphology 

with inferior axis or > 500 ventricular extrasystoles per 24 h 
(Holter)

  Familial history ARVC confirmed pathologically in the first degree or identification of a 
pathogenic mutation categorized as associated or probably associated  

with ARVC

History of ARVC in a first degree relative or premature 
sudden death (< 35 yr of age) due to suspected ARVC or 
ARVC confirmed pathologically or by current Task Force 

Criteria in second-degree relative

Table 1  Revised arrhythmogenic right ventricular cardiomyopathy diagnostic criteria (modified from Marcus et al [33])

LV: Left ventricle; RV: Right ventricular; ARVC: Arrhythmogenic right ventricular cardiomyopathy; PLAX: Parasternal long axis; PSAX: Parasternal short 
axis; RVOT: Right ventricle outflow tract; ECG: Electrocardiogram; EMB: Endomyocardial biopsy; MRI; Magnetic resonance imaging; SAECG: Signal 
averaged ECG;  BSA: body surface area.
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useful particularly in borderline or possible ARVC[3-6]. If  a 
noninvasive workup is suggestive but non diagnostic, further 
testing should be considered to establish the diagnosis, 
including electrophysiologic testing, RV angiography, 
electroanatomic mapping[36], and rarely also endomyocardial 
biopsy. This invasive procedure was frequently employed 
in the past and has been considered the “gold-standard”, 
but presently it is indicated only in very selected cases, 
with questionable diagnosis of  ARVC despite thorough 
diagnostic assessment[6]. In fact, its sensitivity is not absolute, 
due to the frequent patchy distribution of  the disease, and 

fibrosis, at LGE study) (Figure 6)[34,35]. 
In the new ARVC guidelines[33], “major” diagnostic 

criteria were selected because of  their good sensitivity 
and specificity for the disease. It is important to note that 
imaging qualitative typical abnormalities of  the disease, 
as aneurismal RV bulges are diagnostic only if  associated 
with quantitative data as RV enlargement and/or depressed 
systolic function. Non-invasive tissue characterization by 
CMR was not considered because its poor specificity and 
reproducibility. Emerging major criteria is the demonstration 
of  a typical genetic mutation, and genetic study is clinically 
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Figure 3  Typical electrocardiogram in a patient with classical 
arrhythmogenic right ventricular cardiomyopathy. Negative 
T waves in anterior precordial leads are present. A ventricular 
premature beat with left bundle branch block morphology is also 
observed.

Figure 4  Ventricular tachycardia with left bundle branch 
block pattern in a patient with arrhythmogenic right 
ventricular cardiomyopathy.

Figure 5  Two-dimensional echocardiogram, 4 chamber 
subcostal view, end diastolic frame, in an arrhythmogenic 
right ventricular cardiomyopathy patient. RV wall aneurysm at 
subtricuspid basal level is evident (arrow). LV: Left ventricle; RV: 
Right ventricle.

Ⅰ 

Ⅱ

Ⅲ

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

RV

LV

Pinamonti B et al . News on arrhythmogenic RV cardiomyopathy



December 26, 2014|Volume 6|Issue 12|WJC|www.wjgnet.com

signal average ECG abnormalities of  ARVC (inverted T 
waves in V1-V3, epsilon waves, QRS duration > 110 ms) 
Accurate imaging examination with CMR, and systematic 
follow-up reassessment can be useful to exclude RV 
abnormalities.

Brugada syndrome is an inherited cardiac condition 
that, similarly to ARVC, can be transmitted with an 
autosomal dominant pattern, and can lead to SCD from 
malignant ventricular arrhythmias. Differently from ARVC, 
it is characterized by a distinct typical ECG pattern with 
“J wave” in precordial leads, and absence of  RV morpho-
functional abnormalities at imaging. 

Dilated cardiomyopathy may be difficult to distinguish 
from ARVC, especially in its advanced stage with severe 
biventricular involvement. In absence of  classic ARVC 
hallmarks (RV aneurysms, bulging), the clinical distinction 
between these 2 CMP can be very difficult or impossible[32]. 

Myocarditis can mimic ARVC, especially when the RV 
is involved. Myocarditis can cause structural abnormalities, 
including microaneurysms, as well as the arrhythmic 
manifestations considered typical of  ARVC. Moreover, 
myocardial inflammatory infiltrates, myocyte necrosis, 
replacement fibrosis and also fibro-fatty replacement of  
the RV myocardium can be observed also in myocarditis, 
resembling ARVC histologic features. New tools, such as 
3-dimensional electro-anatomic mapping, applied to the 
standard endomyocardial biopsy, have been introduced to 

the procedure is not without serious risk of  RV perforation 
because of  the abnormally thin RV wall characteristic of  
the disease. If  a biopsy is scheduled, it must be analyzed by 
optimal technique using quantitative morphometry[37], and 
the site of  right ventricular puncture must be preferably 
chosen with echocardiographic, CMR or electroanatomic 
guidance[3]. Moreover, recent data suggest the diagnostic 
usefulness of  immunohistochemical analysis of  plakoglobin 
signal level at intercalated discs, diffusely reduced in 
myocardial tissue of  ARVC[38]. 

DIFFERENTIAL DIAGNOSIS
Diagnosis of  ARVC should be considered in any patient 
without a definite heart disease who presents with syncopal 
episodes, frequent ventricular extrasystoles or ventricular 
tachycardia. The main differential diagnoses include the 
following conditions:

Idiopathic RV outflow tract-ventricular tachycardia is 
a mostly benign condition not associated with structural 
heart disease. In early stage ARVC can be difficult to 
distinguish from this “idiopathic” type of  ventricular 
arrhythmia in absence of  structural changes[4]. A scoring 
system has been developed to identify a concealed ARVC 
in patients with apparently idiopathic VT[39]. Differential 
diagnosis is based on the fact that this arrhythmia is non-
familial, and patients do not have the characteristic ECG/
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Figure 6  Cardiac magnetic resonance images of an arrhythmogenic right ventricular cardiomyopathy patient with mild left ventricular involvement. A, B: 
End-diastolic and end-systolic frames, off-axis 4 chamber view. Note the multiple bulging segments at right ventricular (RV) free wall. An apical hypokinesia of the left 
ventricle (LV) is also seen (arrow); C, D: Short axis T1-weighted dark blood imaging without (C) and with fat saturation (D) in the same patient with arrhythmogenic 
right ventricular cardiomyopathy. Note the hyperintense area in the interventricular (IV) septum in T1-weighted image (arrows) and corresponding hypointensity at T1-
weighted dark blood imaging with fat-saturation indicating fatty infiltration in the IV septum.
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ICD discharge.
In summary, according to the International Guidelines 

and the consensus of  the experts[47,48], the indications of  
ICD for prevention of  SCD in ARVC patients are well 
established for high-risk patients with history of  aborted 
SCD or episodes of  sustained ventricular tachycardia 
(Level of  Recommendation: IB), while in presence of  
unexplained syncope, non-sustained ventricular tachycardia, 
familial history of  sudden death, extensive disease including 
those with LV involvement and are considered as possible 
indications for ICD at intermediate risk of  SCD (Class of  
Recommendation Ⅱa, Level of  evidence: C). Additionally, 
the rare patients with genotypes of  ARVC associated 
with a high genetic risk for SCD (e.g., ARVC 5)[49] may be 
considered as possible candidates for ICD therapy. It is 
currently recommended that asymptomatic patients have 
to be managed in a case-by-case basis.

The role of  the electrophysiology with programmed 
ventricular stimulation remains controversial in the specific 
setting of  ARVC. In fact, contrary to the above mentioned 
study by Bhonsale et al[45], in the Darvin Ⅱ study[46], this 
test showed poor accuracy in predicting appropriate ICD 
interventions. 

The impact of  ICD implantation in ARVC has been 
evaluated in a recent meta-analysis[50]: a total of  610 patients 
were collected from 18 cohorts with ICD for either 
primary or secondary prevention and the annualized rate of  
appropriate ICD therapies resulted 9.5%. 

The clinical relevance of  ICD implantation in improving 
survival in patients with ARVC was clearly demonstrated by 
Corrado et al[46], by comparing the actual survival curve of  
their implanted patients with the ventricular fibrillation/
flutter-free survival (estimated mortality reduction at 48 
mo of  23%). 

In ARVC patients, pharmacologic treatment as well 
as radiofrequency ablation (RFA) must not be considered 
a definitive therapy for ventricular arrhythmias, and 
they are not an equivalent alternative to ICD therapy in 
patients at high risk of  SCD. RFA can be appropriate in 
selected patients who are not candidates for an ICD, or 
in those with an ICD who have frequent episodes of  VT 
and ICD shocks despite antiarrhythmic drugs. Multiple 
recent studies suggest that simultaneous epicardial and 
endocardial approaches for VT mapping and ablation 
are feasible - although technically more demanding - 
and might even result in suppression of  recurrent VT. 
This could be explained by the preferential epicardial 
infiltration characteristic of  the disease[51]. 

Antiarrhythmic medications have been used for 
symptomatic control in ARVC. The combination of  beta-
blockers and amiodarone has a proved beneficial effect 
in suppression of  non-sustained VT, in reduction of  
sustained VT arrhythmias and rate, preventing syncope 
and favoring anti-tachycardia pacing termination rather 
than shock therapy. Hence, sotalol and amiodarone have 
been proposed as effective treatment of  sustained VT 
or VF as adjunctive therapy to ICD or in patients with 
ARVC that are not candidates for ICD implantation (Class 
of  Recommendation Ⅱa, Level of  evidence: C)[48,52].

improve diagnostic accuracy in the clinical practice. Recently, 
in a provocative study Pieroni et al[40], found that 50% 
of  patients with a noninvasive ARVC diagnosis fulfilled 
Dallas histological criteria of  active myocarditis. These data 
would require confirmation in the future on large patient 
populations.

Sarcoidosis with cardiac involvement can mimic ARVC, 
making an accurate differential diagnosis is particularly 
challenging[6]. Cardiac sarcoidosis must be suspected in 
presence of  concomitant mediastinal lymphadenopathy, 
extracardiac sarcoidosis, conduction defects with a high-
grade atrio-ventricular block, and interventricular septal scar 
at imaging. A global RV hypokinesis or regional wall motion 
abnormalities can be present, due to the patchy nature of  
the granulomatous infiltration. The absence of  myocardial 
fat infiltrates at CMR could be useful distinguishing feature 
to suspect cardiac sarcoidosis[41], although its diagnostic 
accuracy could vary, depending on the stage of  the disease 
at which the CMR data were acquired. Endomyocardial 
biopsy may be indicated in selected cases with questionable 
diagnosis.

Other pathologies: (1) coronary artery disease and 
myocardial infarction can involve both ventricles and mimic 
aspects of  ARVC; (2) pulmonary hypertension (RV pressure 
overload), and/or significant tricuspid regurgitation (RV 
volume overload) can cause RV dilation and dysfunction; 
(3) congenital heart diseases such as Uhl’s anomaly (a 
rare congenital heart disease with a total loss of  the RV 
myocardial muscle and parchment appearance)[42] and 
repaired Tetralogy of  Fallot have to be consider especially 
for their prevalent RV involvement; and (4) intracardiac left 
to-right shunts (e.g., atrial septal defects and anomalous 
pulmonary venous drainage) may cause RV volume 
overload. The diagnosis can be missed on standard 
echocardiogram, and transesophageal echocardiography 
and/or CMR can improve the diagnostic accuracy, in 
these selected cases.

PATIENT MANAGEMENT
Prevention of  SCD is the most important management task 
for the patients affected by ARVC. Retrospective analysis 
of  clinical and pathological series identified several risk 
factors, such as previous cardiac arrest, syncope, young 
age, malignant family history, participation in competitive 
sports, ventricular tachycardia, severe RV dysfunction, LV 
involvement, and QRS dispersion[43,44]. However, it has 
to be noted that the prognostic value of  these single or 
combined risk factors has not been prospectively assessed. 
Two recent papers[45,46] tried to define the incidence and 
predictors of  ICD therapy in patients with ARVC after 
placement of  an ICD for primary prevention. Nearly one-
half  of  the ARVC patients with primary prevention ICD 
implantation experienced appropriate ICD interventions. 
In one or both of  these studies, proband status of  patients, 
presence of  unexplained syncopal episodes, inducibility 
of  ventricular arrhythmias at electrophysiologic study and 
presence of  non-sustained ventricular tachycardia at Holter 
monitoring resulted independent predictors of  appropriate 
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ARVC in initial phases are presently under active research. 
Advanced echocardiographic analyses can be helpful, 
particularly the study of  myocardial deformation using 
speckle tracking analysis[62-64]. The modification of  diagnostic 
ARVC criteria by the recent revision[33] significantly 
improved the diagnostic power of  available methods, 
increasing both sensitivity and specificity[20,62,65]. However 
it has to be observed that the diagnostic criteria of  LDAC 
were not considered in the last task force revision, and that 
would be advisable in the near future[7].

Accurate risk stratification is problematic in patients 
with ARVC, particularly for patients without history of  
severe life threatening arrhythmias (primary prevention 
of  SCD)[44].

Additional potentially useful prognostic data recently 
were demonstrated by cardiovascular imaging, such as 
echocardiography[54,66], CMR[67,68], and electroanatomic 
mapping[69], thus reinforcing the importance of  identifying 
the pathologic substrate of  arrhythmias in the disease 
(areas of  myocardial scarring and fibro-fatty infiltration 
with a probable reentry mechanism). Bhonsale et al[70] 
recently proposed a strategy for risk stratification for 
ARVC associated desmosomal mutation carriers based on 
pedigree evaluation, ECG and Holter information.
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