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Abstract: Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a genetic disorder with an
autosomal dominant inheritance and incomplete penetrance. It predominantly affects the right
ventricle (RV), predisposing to the origin of ventricular arrhythmias and sudden death (SD). The
structural basis of the disease consists of the progressive loss of myocardium with fibro-adipose
replacement. ARVC is a “desmosomes” disease involving mutations of proteins such as placoglobin,
desmoplachine, placophylline, desmoglein, and desmocollin. In the “classical” form, the disease
mainly implicates the RV chamber, while the left ventricle (LV) is involved in advanced stages.
Genotype-phenotype correlation studies have identified some phenotypic variants characterized
by an early participation of the LV, which can proceed in parallel toward the two ventricles
(“biventricular” variant) or prevails over the RV (variant to “left dominance”). These data led
to the evolution of the initial definition of ARVC, which is currently considered a genetic disease of
both ventricles and, therefore, deserves the denomination “arrhythmogenic cardiomyopathy”. Many
aspects of diagnosis, treatment, and indications for a correct lifestyle are important in sports medicine.
This paper will discuss the clinical management of ARVC, with particular reference to diagnosis, risk
stratification, therapy, and indications for physical activity.
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1. Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an inherited cardiomyopathy
that is characterized by ventricular arrhythmias and an increased risk of sudden cardiac death [1].
The literature reports that the rates of sudden death (SD) by cardiovascular diseases were 2.1 in 100,000
athletes per year, compared with 0.7 in 100,000 non-athletes per year. Among the causes of SD, the
ARVC has an estimated prevalence of 1/1000, up to 1/5000, in the population [2]. The mean age at
presentation is around the third/fourth decade (Table 1). Presentation before the age of 12 is rare.
Prevalence of ARVC and related sudden cardiac death (SCD) risk from the UKRR (United Kingdom
Regional Registry)

Table 1. Prevalence by age of ARVC association to sudden death.

AGE (Years) <18 18–35 >35

SD prevalence <6% 14% 18%

Legend: SD (sudden death).
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The United States National Registry reports that, with respect to incidence, cardiovascular
mortality in African-Americans and other minorities exceeded that in whites by a factor of 4.8. Despite
these data, hypertrophic cardiomyopathy persists as the single most common cause of SCD. It was more
common among African-Americans and other minorities than among white athletes. On the contrary
the ARVC resulted was more common in white athletes, with an incidence of SCD in African-Americans
of less than 1% [3]. Less is known about the prevalence of SCD in non-Caucasian Asian probands:
the prevalence of desmosomal mutations in non-Caucasian Japanese ARVC probands seems to be
identical to that in Caucasians; however, the most prevalent gene mutation was DSG2 [4].

1.1. Italian Profile

ARVC has been studied particularly in Veneto, a region of Italy.
The study was conducted as a special experience to verify the effects of the prevention strategy of

the sudden death (SD). The annual incidence of SD found in athletes was 2.3 per 100,000. It was higher
if compared to the others reports. The investigation was carried out from 1975 to 1996. It showed an
elevated prevalence of ARVC as the cause of sudden death in athletes. Some authors have compared
these data with other contexts [5,6] demonstrating that no substantial differences were found. In any
case ARVC has been counted among the most common pathologic substrates underlying SD in young
athletes [7–9]. Attention to the disease started with the importance of risk stratification considering
that it is a common cause of SD in young people.

SD can be the first manifestation of ARVC.
From the Register of the Region of Veneto it emerged clearly that some subjects with evidence of

ARVC at autopsy showed no alterations or significant morphological findings of the RV, especially in
diagnostic tests carried out before the death. This fact highlights the danger of the “hidden phase”
ARVC, where fatal alterations, such as heart arrhythmias, can occur in the absence of specific diagnostic
markers [1].

1.2. Natural History

The natural history of ARVC is characterized by an instability of the electric ventricular function.
This condition is responsible for ventricular tachycardia (VT) and ventricular fibrillation (FV) that can
cause SD, or in any case addresses arrhythmic events, especially in young people and athletes. In
advanced stages of the disease, the progression of RV dysfunction and the subsequent involvement of
the LV can lead to cardiac congestion and failure [10]. Traditionally, the natural history of ARVC is
articulated in four phases: (1) “occult”, distinguished by the absence of symptoms and the presence of
minor structural changes; (2) “manifest”, characterized by arrhythmic symptoms and abnormalities
with cardiac morpho-functional manifestations; (3) “ RV failure”, with severe systolic dysfunction of
the RV, but only initial or absent alterations of the LV; and (4) “biventricular heart failure”, with severe
systolic dysfunction of both the ventricles that can simulate a dilated cardiomyopathy [11]. A minority
of patients presents phenotypic variants characterized by early involvement, sometimes prevalent in
the LV [12] chamber.

2. Diagnosis

The diagnostic criteria for arrhythmogenic cardiomyopathy were elaborated by an international
task force for the first time in 1994 and subsequently updated in 2010 [13]. The criteria initially aimed
to guarantee a high level diagnostic specificity in probands with evident clinical manifestations, to
ensure an appropriate differential diagnosis with other diseases, such as dilated cardiomyopathy
and idiopathic VT originating from the outflow tract of the RV. On the contrary, the original criteria
showed a low level diagnostic specificity for the identification of patients with the “minor” phenotype,
particularly family members of patients with ARVC. It also did not provide quantitative values for the
evaluation of morphological anomalies and functional features of the RV. The 2010 criteria were then
introduced in order to increase the diagnostic sensitivity, without over-compromising its specificity.
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These criteria belong to six categories which reflect the main clinical-pathological manifestations of the
disease. Since no test is diagnostic in itself, the diagnosis of the disease requires the combination of
multiple criteria (at least two major criteria, or one major criterion and three minor criteria, or four
minor criteria) belonging to different categories. If the number of criteria is too low for reaching a
definitive diagnosis, the disease is considered “borderline” (one major and one minor criterion, or
three minor criteria) or “possible” (one major criterion or two minor criteria) [14].

3. Classic Shape

In the classic form of ARVC, there is a prevalent involvement of RV with progressive fibro-adipose
replacement of the ventricular myocardium, which is particularly evident at the level of the so-called
“triangle of dysplasia” (constituted from the infundibular, apical and diaphragmatic regions). The large
fibrous or fibro-adipose substitution of the RV myocardium in endomyocardial biopsy, evident
at the histological examination, represents the most specific diagnostic criterion (Figure 1) [15].
The pathological process of progressive fibroadipose cicatrization causes gradual dilatation and
systolic dysfunction of the RV, initially of a regional character and subsequently to global extension [16].
The regionality of alterations in RV parietal kinetics (in the form of “bulging”, akinesia or dyskinesia) is
highly specific for the diagnosis of ARVC, and allows a differential diagnosis versus other RV diseases
(e.g., pulmonary heart, congenital heart disease, and primitive pulmonary hypertension primitive), in
which the systolic dilatation/dysfunction uniformly and globally affects the ventricular chamber [17].
Diagnostic criteria based on morpho-functional alterations, studied by imaging techniques such as
echocardiography, magnetic resonance, and ventriculography, provide concurrent signs of systolic
dilatation/dysfunction of global RV pump and RV regional kinetic parietal alterations.
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Figure 1. Histological characteristics of RV dysplasia vs normal chamber tissue. The presence of
fibro-adipose tissue in the RV chamber (A) vs. normal tissue (B).

4. ARVC Variant with Left Dominance

The classical form of ARVC mainly affects RV only affecting the LV in an advanced stage, also
resulting in systolic biventricular dysfunction that simulates dilated cardiomyopathy [2].

However, some variants of interest have been described that predominantly affect the LV early,
often as a result of a specific genetic predisposition (e.g., gene mutations coding for desmoplachine) [18].
With respect to classical forms the phenotype is mirrored and is characterized by inversion of the T
wave in the left precordial derivations (V4–V6) and ventricular arrhythmic events with “QRS wave”
morphology of the right bundle branch block (RBB) type.

Unlike the classical forms, the diagnostic power of echocardiography is limited because the
alterations of contractility parietal of to both the segmental and global VS, are found in a minority of
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patients [12]. This particular limit is due to the fact that the process of fibro-adipose substitution
of the myocardium initially involves only the epicardial layers of the left ventricular wall left,
which contributes only to the development of contractile strength and does not result in evident
alterations of regional kinetics. This is a clinically insidious disease, the real incidence of which is likely
underestimated. Cardiac MRI with contrast agents increases diagnostic sensitivity because it allows
the identification of LV non-transmural scars.

5. From Myocardial Cell Mechanisms to the ECG Pattern

It has been recognized that in the initial phase of the disease a cellular mechanism is responsible
for causes ventricular arrhythmias. Arrhythmias are often induced by exacerbations of myocarditis.
This is an acute phase, characterized by chest pain, ECG changes of the ventricular repolarization, and
an increase in myocardial enzymes. Despite the fact that ARVC is predominantly a genetic disease,
a frequent link with an inflammatory process has been demonstrated and myocardial inflammatory
infiltrates are frequently detected in patients with ARVC [19]. An etiological role of myocarditis has
been supposed, especially in the initial phase of ARVC. In parallel, the reactive nature of myocarditis
in ARVC has been supported by the massive inflammatory cell infiltrates found after acute myocardial
necrosis in early stages of disease in a desmoglein-2 transgenic animal model [20]. The initial scenario
of inflammation could play a pathogenic role in tissue injury and arrhythmogenesis. However, this
aspect remains largely unexplored in the literature, especially for the consequent different prognosis
and approach that includes major clinical intervention in the case of ARVC, otherwise not considered
in myocarditis.

In the most advanced phase, ventricular arrhythmias predominate parallel to the fibro-adipose
scar and ventricular tachicardia (VT) from macro re-entry is often found [7]. Experimental studies
have recently shown that the genetic alteration of desmosomial proteins can interfere with the function
of the intercalated discs of sodium channels, causing electrical instability through the reduction of the
intensity of the sodium current. This mechanism appears early and independently from the myocardial
structural changes [11].

Desmosomes are specialized structures, functionally related to the sodium channels, with the task
of maintaining mechanical adhesion between cardiomyocytes. There are three principal components
in the desmosomes: desmoplakin, which binds cytoskeleton intermediate filaments, transmembrane
proteins (desmocollin 2 and desmoglein 2), and armadillo proteins (plakoglobin and plakophilin 2),
which mediate the interactions between transmembrane proteins and desmoplakin (Figure 2)
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and non-cardiac cells.

Desmosomes are essential for myocardial mechanical continuity and the E-C coupling.
A deficiency of these structures can induce electrical instability.
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Causative mutations in ARVC have been detected in cardiac desmosomal genes encoding the
constituent proteins: desmoplakin (DSP), desmoglein-2 (DSG2), plakophilin-2 (PKP2), desmocollin-2
(DSC2), and plakoglobin (JUP) [21,22]

ARVC can result from mutations in at least 13 desmosomal genes. The most common mutation
found in 60% of the population is PKP2, a desmosomal gene mutation.

A prevalent genetic pattern is summarized in Table 2.

Table 2. Pattern of genetic mutations of ARVC.

Disease Gene Gene Locus Mode of Inheritance Associated Phenotype

Desmosomal genes

Plakoglobin JUP 17q21.2 AD/AR AR form: Naxos disease

Desmoplakin DSP 6p24.3 AD/AR AR form: cardiocutaneous
syndrome

Plakophilin-2 PKP-2 12p11.21 AD/AR
Desmoglein-2 DSG2 18q12.1 AD/AR
Desmocollin-2 DSC2 18q12.1 AD/AR

Non-desmosomal genes

Transforming growth
factor-β-3 TGFB3 14q24.3 AD

Transmembrane protein 43 TMEM43 3p25.1 AD
Ryanodine receptor RYR2 1q42–q43 AD?

Desmin DES 2q35 AD
Overlap syndrome (DC HC

phenotype, early conduction
disease)

Phospholamban PLP 6q22.31 AD

Titin TNT 2q31.2 AD Overlap syndrome (early
conduction disease)

Lamin A/C LMNA 1q22 AD Overlap syndrome
α-T-catenin CTNAA3 10q21.3 AD

Filamin-C FLNC 7q32.1 AD Overlap syndrome (HC and
DC phenotype)

N-Cadherin CDH2 18q12.1 AD

Secondly ARVC involves a reduction of the sodium current and predisposes to malignant
arrhythmia with a mechanism similar to Brugada syndrome.

This explains the existence of some “mixed” phenotypes, particularly in those patients with SD,
presenting some structural alterations typical of arrhythmogenic right ventricular cardiomyopathy
at the autopsy, and ECG compatible with Brugada Type 1. The recent identification of functional
inter-cellular interactions could explain the close relationship between the two diseases.

6. ARVC General ECG Criteria

ECG is often the first clinical examination carried out, the results of which may arouse suspicion
of ARVC. In ARVC the ECG pattern offers some specific aspects summarized in Table 3 as major and
minor criteria.

Table 3. ECG diagnostic criteria for ARVC.

Major Criteria Epsilon Wave/QRS >110 ms V1–V3

Repolarization abnormalities: Inverted T wave >14 years and
in absence of RBB V1–V3

Minor Criteria Inverted T wave (>14 years) in presence of RBB V1–V4
Inverted T wave V4–V6

Late activation time (S wave) >50 ms V1–V3
Late potential at high amplification at Signal Averaged

ECG (SAECG) exam SAECG
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The specific ECG characteristics of ARVC are shown in the Figure 3.
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Figure 3. ECG epsilon wave.

Epsilon wave is a typical ECG expression in the ARVC of late potentials. It is found at the end of
the QRS complex and at the beginning of the ST stretch. The epsilon wave is present in 33% of patients
affected by ARVC and is often found in V1–V3 leads.

The ultimate diagnosis of illness requires the combination of multiple criteria (at least two
major criteria, or one major criterion and three minor criteria, or four minor criteria) belonging to
different categories.

7. Echocardiographic Assessment

The echocaradiographic manifestations are related to the RV morphology and functioning.
RV dilatation is frequently found in individuals with ARVC. In particular, the enlargement of

the RVOT (right ventricle outflow tract) is present. It can be studied in the parasternal long-axis
view and in the short axis view, where the main measurements of PLAX >32 mm and PSAX >36 mm
are diagnostic.

Increase of trabecular derangement is also evident in RV, are localized aneurysms in the free wall
of the same chamber.

Major criteria are the presence of RV dilatation and acinetic or discinetik areas, associated with:

• RV outflow tract diameter (long axis) >32 mm, or
• RV outflow tract diameter (short axis) >36 mm, or
• RV shortening fraction <33%

Recommendations for the echocardiographic assessment of RV size is one of the most important
elements for the identification of ARVC. The morphological manifestations of ARVC can be illustrated
in the echocardiogram. The echo examination often shows the presence of RV involvement in the late
phase of the disease, particularly when clinical manifestations are already evident.

Echo assessment includes the RV linear inflow (Figure 4) and out-flow dimensions (Figure 5).
In the first case, as the ASE guidelines indicate, the RV linear dimensions are dependent on probe

rotation and different RV views; in order to permit inter-study comparison, the echocardiographic
report should state the window from which measurement was performed.

In the second case the measurements are easier.
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Figure 5. RV linear dimensions (outflow). (A) Parasternal long axis view from the anterior free wall
RV wall up to the septal aortic junction (RVOT Prox); (B) linear transversal dimension measured just
proximal to the pulmonary valve at end-diastole, by short axis view.

The outflow measurement needs to also include the distal RV outflow diameter (RVOT distal) in
two sessions: just proximal to the pulmonary valve at end-diastole (Figure 5, Table 4).

Table 4. Pathological values compatible with ARVC and measured by 2D echocardiography.

Parameter Pathological Values Normal Range

RV Area Change Fractional Area Change <33 >40%
RVOT PLAX diameter >33 mm 20–30 mm
RVOT prox diameter >36 mm 21–35 mm

A manual tracing of the RV endocardial border from the lateral tricuspid annulus, along the free
wall to the apex and back to the medial tricuspid annulus, and along the interventricular septum at
the end-diastole and at the end-systole is also recommended (Figure 6).



J. Funct. Morphol. Kinesiol. 2018, 3, 35 8 of 13

J. Funct. Morphol. Kinesiol. 2018, 3, x FOR PEER REVIEW  7 of 13 

 

 
(A) 

 
(B) 

Figure 5. RV linear dimensions (outflow). (A) Parasternal long axis view from the anterior free wall 
RV wall up to the septal aortic junction (RVOT Prox); (B) linear transversal dimension measured just 
proximal to the pulmonary valve at end-diastole, by short axis view. 

In the first case, as the ASE guidelines indicate, the RV linear dimensions are dependent on probe 
rotation and different RV views; in order to permit inter-study comparison, the echocardiographic 
report should state the window from which measurement was performed. 

In the second case the measurements are easier. 
The outflow measurement needs to also include the distal RV outflow diameter (RVOT distal) 

in two sessions: just proximal to the pulmonary valve at end-diastole (Figure 5, Table 4). 
A manual tracing of the RV endocardial border from the lateral tricuspid annulus, along the free 

wall to the apex and back to the medial tricuspid annulus, and along the interventricular septum at 
the end-diastole and at the end-systole is also recommended (Figure 6). 

 
Figure 6. Tracing of the RV endocardial border for RVAC calculation. Manual tracing of the RV 
endocardial border. Trabeculations, papillary muscles, and moderator band are included in the cavity 
area. 

  

Figure 6. Tracing of the RV endocardial border for RVAC calculation. Manual tracing of the RV
endocardial border. Trabeculations, papillary muscles, and moderator band are included in the
cavity area.

8. Prognosis

ARVC was initially considered to have poor short-term prognosis. This was based on studies
carried out in third-level centers on patients at high risk or with severe clinical manifestations,
requiring advanced therapeutic intervention such as ablation, transcatheter implantation, or
cardioverter-defibrillator implantation (ICD). Subsequent studies on populations offered a less
pessimistic view of the course of ARVC, more often asymptomatic and with better prognosis, with
an annual mortality rate <1%. It should be emphasized, however, that these studies describe the
“unnatural” history of the disease, referring to those patients with diagnosed and treated ARVC. They
do not include the young SD victims, previously asymptomatic and for whom diagnosis was made
only at the autopsy [23]. Cardiac magnetic resonance (CMR) imaging, and endomiocardial biopsy can
contribute to predict final diagnosis of ARVC, especially in the presence of ventricular arrhythmias.

9. Risk Stratification

Clinical and pathological studies have identified numerous possible clinical predictors of
arrhythmic risk [18]. Symptomatic patients with previous cardiac arrest due to ventricular fibrillation
(VF) or sustained ventricular tachicardia (VT) can be considered in the group with the highest risk of
recurrent arrhythmics and SD; unexplained syncopes (non-vasovagal) are proved to be a significant
risk factor only in some studies.

Numerous markers have been identified in the asymptomatic patient among arrhythmic risk
patients whose predictive value is documented from a limited number of observational studies,
sometimes with mixed results. Unsustained TV and moderate–severe ventricular dysfunction could
be the main indicators of arrhythmic risk among asymptomatic patients. Other prognostically-relevant
factors include proband status and the number and complexity of premature ventricular beats to the
Holter and the TV/FV inducibility to programmed ventricular stimulation. Considering arrhythmia is
a genetic disorder at different penetrance, genetic screening could be extended to other members of
a patient’s family. Literature reports the incidence of SD in subjects without phenotypic evidence of
the AVRD. This approach needs to be considered in the context of the SD prevention and the family
members of victims can be considered a restricted group to investigate.
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10. Lifestyle Modification—Exercise Limitations

Studies have linked ARVC onset or progression to exercise. Adolescents and young adults
with ARVC who practice competitive sports have a five-fold higher SD risk than the their sedentary
counterparts; therefore, early detection (often in the pre-symptomatic phase) of ARVC in the athlete,
through medical sports-screening examination (with consequent eventual exclusion from athletics due
to medical contraindications) could well turn out to be life-saving [12,18]. Furthermore, experimental
studies have shown that exercise promotes the development and the progression of the disease in
animal models, with desmosomal mutations [21]. Recent studies have confirmed that endurance sports
and intense, continuous exercise increase the chances of a carrier of a desmosomal mutation in early
development of the phenotype of the disease, and becomes symptomatic for arrhythmias and/or heart
failure. Patients cannot participate in either competitive or most recreational sports [24–26]. Authors
have demonstrated that endurance exercise accelerates desmosomal dysfunction [27,28].

Increased myocardial stress due to prolonged training is determinant for disclosing hidden
disease, especially in a wide sports context, where the RV structure could reveal a remodeling caused
by the impact of exercise.

Endurance exercise may facilitate myocyte uncoupling at defective desmosomes leading to
inflammation, fibrosis, adipocytosis and can subsequently lead to an impairment in electrical coupling.
The interaction between exercise and AVRD is a topic that has long been widely discussed by
researchers in the field of the sports medicine discipline with the aim of finding a definition [29].
The mechanical impact of exercise may predispose, in the presence of a genetic pattern, to apoptosis,
fibrosis, and arrhythmogenicity, which most commonly involves the right ventricle [30].

Taking into consideration the stamens made on lifestyle by subjects with ARVC, specific attention
has been paid to the relationship of dose-response to exercise intensity-duration and myocardial
damage [31]. The general conclusion is that exercise might promote progressive heart failure by a
continuum of both intensity and duration. In the new “threshold theory” hypothesis the presence
of a positive phenotypic expression when training practice is regularly undertaken, could represent
evidence of the basic and extreme causes of the disease.

Particularly, in this last context it appears to be very difficult to decide how to proceed with genetic
testing in the case of a potential positive phenotype, especially if detected in the echocardiographic
findings. Genetic testing or genetic counseling sessions usually follow the review of a patient’s
diagnosis, and it should be considered in cases of positive clinical history.

Sports and, therefore, physical sports activity, should be discouraged not only for patients with
ascertained diagnosis of AVRC, but also for carriers of healthy mutation or with signs mild illnesses.
There is no absolute contraindication for the practice of physical activity with low cardiovascular
involvement, especially if the patient is being treated with beta-blockers [31].

11. Therapy: Transcatheter Ablation

Transcatheter ablation is a therapeutic option reserved for patients with VT, which in most cases
recognizes a macro-re-entry mechanism related to fibroadipose myocardial scar. More rarely VT in
ARVC can have a focal automatic source (“triggered activity”) [32]. The results of acute transcatheter
ablation are generally satisfactory, especially in the most recent cases [33]. However, the incidence of
arrhythmic recurrences in follow-up is high, above all because the progressive nature of the disease
predisposes to the development over time of new arrhythmic outbreaks and circuits multiple return.
The fact that the disease mainly affects the epicardial layer of the ventricular wall explains the reason
for the disappointing results of the conventional technique of endocardial mapping/ablation. More
promising results come from the combined interventional approach: endocardial (for transvenous
route) and epicardial (by pericardial percutaneous access), with efficacy of interruption of the re-entry
circuit of VT significantly better than the traditional endocardial technique [34].
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Finally, it is important to remember that, similarly to how much has already been mentioned for
antiarrhythmic drugs, transcatheter ablation of TV does not protect the patient from SD and cannot be
considered an alternative to ICD implantation.

Evidence in literature highlights ICD implantation as the most strategic therapy to control
the electrical instability of the disease [35]. Some authors support this treatment, suggesting ICD
implantation for all subjects affected by AVRC [36]. The indication to use ICD as the primary prevention
is, however, actually debated [37].

Despite ICD implantation being a simple procedure, it is, however, not completely free of
complications. The prophylactic use of this device needs to take into account the incidence
of mechanical and electrical complications of the procedure, such as emothorax, infections,
malfunctioning of the electrodes, at a short and long time after implantation. It is important to
also consider the potential cost and the significant impact on the quality of life, especially in young
patients. Thus, in the case of asymptomaticity (no cardiac arrest of major ventricular arrhythmias) and
with a low risk profile, ICD implantation is not indicated.

12. Pharmacological Therapy

Pharmacological treatment options in patients with ARVC includes the use of beta-blockers,
antiarrhythmics, and drugs for the treatment of heart failure.

13. Beta Blockers

Ventricular arrhythmias and cardiac arrest in ARVC are often favored by adrenergic stimulation
and typically arise during or immediately after a physical effort.

Authors have demonstrated that patients with ARVD have autonomic dysfunction with increased
orthosympathic neurovegetative tone and a reduced density of the beta-receptors [38]. The prescription
of beta-blockers is recommended in patients with ventricular arrhythmias, but is also suggested for
asymptomatic patients with an ascertained diagnosis of ARVC. Instead, there is currently no consensus
on the indication for prophylactic beta-blocker treatment in healthy carriers of desmosomal mutations
without the disease phenotype.

14. Antiarrhythmic Drugs

Prospective and randomized studies are not available for antiarrhythmic drugs. In ARVC the
therapeutic efficacy of a single drug is difficult to evaluate, given the high incidence of arrhythmic
episodes that involves frequent therapeutic changes. Therefore, the indication for antiarrhythmic drug
treatment and the choice of a specific drug are usually the result of an empirical approach. Current
clinical experience indicates that sotalol and amiodarone (alone or in combination with beta-blockers)
can represent the most effective and safe drugs for symptomatic treatment of ventricular arrhythmias,
but do not guarantee the prevention of SD. By contrast, studies on patients wearing ICD show that most
of the appropriate shocks triggered by the device for malignant tachyarrhythmia are not prevented
from a concurrent use of antiarrhythmic drugs [36].

For these reasons, the main goal of the antiarrhythmic drug treatment is to alleviate arrhythmic
symptoms and contain the number of arrhythmic episodes (such as TV recurrences), keeping in mind
that drugs do not constitute an alternative therapeutic strategy to ICD for SD prevention.

15. Conclusions

The diagnosis of ARCV has a multiparametric approach and the main purpose of treatment is
to prevent arrhythmic SD. Nevertheless, some controversial aspects are evident. The implantable
cardioverter-defibrillator (ICD) is the only effective treatment for preventing SD. Indications for this
system represent what is still a controversial topic: the general opinion is that this treatment should be
reserved for those patients who have already suffered a cardiac arrest from ventricular fibrillation or
sustained ventricular tachycardia (secondary prevention) and those with major risk factors, including



J. Funct. Morphol. Kinesiol. 2018, 3, 35 11 of 13

unexplained syncope (not vasovagal), unsustained ventricular tachycardia, and moderate ventricular
dysfunction. The selection of patients must take into consideration the high incidence of complications:
costs and significant psychological impact are aspects of ICD, especially in young patients. Therapeutic
measures currently available are palliative. A proven cure for ARVC will require targeted intervention
in the future, directly blocking the molecular mechanisms of the disease. Changes in lifestyle are
one of the most challenging limits for young people with suspected ARVC. Competitive sports
activity has been shown to increase the risk of SD five-fold in adolescents and young adults with
ARVC [27]. Early (i.e., presymptomatic) identification of affected athletes by preparticipation screening
and their disqualification from competitive sports activity may be ‘life-saving’ [36]. In addition,
physical exercise has been implicated as a factor promoting development and progression of the ARVC
phenotype [12]. It has been demonstrated that, in heterozygous plakoglobin-deficient mice, endurance
training accelerated the development of RV dilatation, dysfunction, and ventricular ectopy, suggesting
that chronically-increased ventricular load might contribute to the worsening of the ARVC phenotype.
It has been postulated that impairment of myocyte cell-to-cell adhesion may lead to tissue and organ
vulnerability, which may promote myocyte death, especially during mechanical stress, which occurs
during competitive sports activity [36]. Studies in humans confirmed that endurance sports and
frequent exercise increase age-related penetrance, risk of VT/VF, and occurrence of heart failure in
ARVC desmosomal-gene carriers [37]. In summary, further research is necessary in order to provide
multiple data and to combine ECG and morphological aspects of ARVC to support this important
decision, especially for young asymptomatic subjects.
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