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Abstract

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a hereditary heart muscle

disorder characterized by the progressive replacement of right ventricular myocardium with

fibrofatty tissue. This condition predisposes individuals to arrhythmias and an elevated risk of

sudden cardiac death (SCD). The etiology of ARVC is predominantly genetic, with mutations

in genes encoding desmosomal proteins playing a crucial role. Physical exercise has a

significant impact on the progression of ARVC, often exacerbating the disease's severity and

increasing the likelihood of life-threatening arrhythmic events. Diagnosing ARVC remains

challenging due to its variable clinical presentation and overlapping features with other

cardiomyopathies. Advanced imaging techniques, electrocardiography, and genetic testing are

essential tools in the diagnostic process. Treatment strategies for ARVC include lifestyle

modifications, pharmacotherapy, implantable cardioverter-defibrillators (ICDs), and in some

cases, catheter ablation or heart transplantation. Preventing disease progression and SCD

involves a multidisciplinary approach, emphasizing early diagnosis, risk stratification, and

tailored therapeutic interventions. This review comprehensively examines the etiology of

ARVC, the detrimental effects of physical exercise on the disease, the associated SCD risk,

and the challenges in diagnosis, while also discussing current treatment modalities and

preventive measures to mitigate disease progression.

Materials and Methods

Review and summary of research studies available in databases on Google Scholar and

PubMed. Databases such as PubMed and Google Scholar were searched using the keywords:

‘Arrhythmogenic right ventricular cardiomyopathy, ‘ARVC in athletes’, ‘Sudden cardiac

death’, ‘impact of physical exercise on ARVC’.

Keywords
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Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an inherited cardiomyopathy

[1-4], characterized by the replacement of cardiomyocytes with fibrous or fibro-fatty tissue

[1,5-8]. This process primarily affects the right ventricle, but recent reports suggest it can

sometimes involve the left ventricle of the heart [4]. The disease is marked by ventricular

arrhythmias, right ventricular dysfunction, heart failure, and in extreme cases, sudden cardiac

death without preceding symptoms [1-4]. ARVC accounts for up to 20% of cases of sudden

cardiac death and is more prevalent among athletes [1].

The etiology of ARVC is not fully understood, but it is often caused by genetic mutations in

desmosomal complex proteins [4,7]. However, in 40-50% of cases, the genetic cause of the

cardiomyopathy remains unknown [6]. There is evidence that physical activity accelerates the

progression of the disease and exacerbates its symptoms in patients with identified genetic

mutations as well as those without detected genetic mutations [9]. Managing the risks

associated with physical activity, its intensity, slowing the progression of the disease, and

ensuring the patient's psychological comfort and quality of life pose challenges.

This review focuses on providing current knowledge about the etiology of ARVC, diagnostic

difficulties, the impact of physical activity on the course of the disease, as well as treatment

and prevention of disease progression.

Etiology

Arrhythmogenic cardiomyopathy is primarily inherited in an autosomal dominant manner.

The most common mutations are located in genes encoding desmosomal proteins. Five genes

are identified where mutations occur most frequently: plakoglobin (JUP), desmoglein 2

(DSG2), desmocollin 2 (DSC2), plakophilin 2 (PKP2), and desmoplakin (DSP). These genes

are responsible for the disease in nearly 50% of patients [10]. Up to 16% of patients with

ARVC may have mutations involving more than one gene. Such cases are associated with

more severe cardiomyopathy symptoms and worse prognosis [11-14]. ARVC can also be

caused by mutations in non-desmosomal genes. These include cadherin 2 (CDH2),

transforming growth factor beta 2 (TGFß3), and lamin (LMNA). The variety of possible



5

mutations and the fact that more than one can occur simultaneously affect the disease

phenotype, which in some cases may involve the left ventricle [4]. There is suspicion that the

ARVC phenotype could develop in individuals without confirmed genetic mutations but who

engage in intense endurance exercise. Sawant and colleagues [15] identified 43 cases of

patients with developed arrhythmogenic right ventricular cardiomyopathy phenotype without

detected genetic mutations. They were compared with 39 cases of ARVC with confirmed

gene mutations. Patients without mutations reported five times more intense endurance

exercise compared to the activity of the other group. The conducted study showed a link

between physical exercise and the development of ARVC. It may also prove that the presence

of mutations lowers the threshold of exercise intensity leading to the development and

progression of the disease. However, it cannot be excluded that not all genetic mutations

leading to ARVC have been identified, and some might have been present in cases classified

in this study as the mutation-free group [16].

Diagnosis of ARVC and challenges in differentiation from the athlete's heart

The diagnosis of ARVC is based on the 2010 TFC guidelines. The diagnostic process outlined

in these guidelines includes: electrocardiography, electrophysiology, genetic testing, imaging,

histological heart assessment, and family history of ARVC. The diagnostic criteria are divided

into major and minor categories. Diagnosis is considered definitive with the fulfillment of two

major criteria or one major and two minor criteria, or four minor criteria [17]. Changes

detectable in cardiac magnetic resonance imaging (CMR) and histological examination from

endomyocardial biopsy (EMB) appear later than functional changes [18]. The disease can be

asymptomatic for a long time, with a risk of significant ventricular arrhythmias or sudden

cardiac death [19,20]. Therefore, it is very important to pay attention to information from the

family history or changes noticed in ECG, which can suggest ARVC and allow for early

diagnosis of the disease [17]. T-wave inversion in leads V1-V3 is often present in patients

with ARVC and is considered a major diagnostic criterion. However, these same changes can

also be observed in endurance athletes. A feature that may help differentiate an athlete's heart

from ARVC is the presence of a J-point elevation >0.2mV preceding T-wave inversions.

Studies indicate that this change occurred ten times more frequently in athletes than in

patients with ARVC. The 0.2mV value may serve as a good cutoff (98% sensitivity) that can

help exclude ARVC but does not allow for a definitive diagnosis [21]. Another change

indicating ARVC is the presence of an epsilon wave in the ECG. However, this has limited
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diagnostic utility due to the difficulty in identifying it by physicians [22]. Other ECG

parameters worth noting are T-wave inversions in leads above V3, which may occur in ARVC

patients but not in athletes, or the presence of PVCs, which often accompany ARVC and are

rare among athletes. In ECHO imaging, due to the remodeling of the right ventricle occurring

in athletes [23], isolated measurements of the right ventricle have no diagnostic value as they

do not allow for the differentiation between physiological and pathological changes.

According to current knowledge, quantitative measurements of the right ventricle are not

useful in diagnostics because they do not allow differentiation between an athlete's heart and

ARVC. Characteristic for ARVC is focal RVOT remodeling with segmental dyskinesia, while

athletes exhibit generalized remodeling with functional impairment [24,25]. A more precise

method of cardiac imaging is magnetic resonance imaging (MRI). It allows for better

assessment of regional wall motion abnormalities (WMA), which studies suggest can help

differentiate ARVC from an athlete's heart. It was found that 51% of ARVC patients had

WMAs, while athletes did not [26-28]. An additional advantage of cardiac MRI is the ability

to enhance tissues using gadolinium. Genetic testing is a crucial part of ARVC diagnostics. It

allows for the detection of potential desmosomal mutations that may be responsible for the

development of cardiomyopathy. A negative result in genetic tests does not exclude the

disease 100%, as there is a possibility that not all genes causing ARVC have been identified

yet [29]. In cases of diagnostic uncertainty, histological examination, which can reveal the

pathological fibro-fatty tissue characteristic of ARVC, finds its utility. Due to its invasiveness,

this examination is the final stage of diagnostics. For professional athletes, obtaining a

definitive diagnosis is extremely important as it can impact the course of their sports career

[30,31].

The Impact of Physical Exercise on Disease Progression and the Risk of Sudden Cardiac

Death

Physical exercise is one of the key factors influencing disease progression and increasing the

risk of sudden cardiac death in young patients with arrhythmogenic right ventricular

cardiomyopathy (ARVC). Intensive physical activity can lead to the development of ARVC

traits in athletes without a diagnosed genetic mutation. According to current reports, the

development of ARVC and disease progression in individuals with a confirmed genetic

mutation occur under the influence of endurance exercise. There has been no evidence of

ARVC development or progression, in the form of right ventricular remodeling, with strength
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training [32]. Other studies suggest, after multivariate analysis, that the intensity of exercise

influences disease progression more significantly than the duration of exercise. Among

patients with a genetic mutation and their close family members, a higher frequency of

ventricular arrhythmia episodes was found in individuals engaging in higher intensity and

volume physical exercise [33]. The significant impact of physical activity on phenotypic

expression, disease progression, and prognosis in ARVC is also indicated by other studies,

which observed accelerated disease development (by about 10 years earlier) in individuals

with a confirmed genetic mutation when comparing patients engaging in endurance exercise

and those leading a sedentary lifestyle [9,35]. This has also been confirmed in imaging studies,

as they showed worse right and left ventricular function in athletes [34]. Among endurance

athletes meeting the criteria for ARVC, only 12% were found to have a desmosomal genetic

mutation. This may suggest that intensive exercise can lead to the development of the ARVC

phenotype [4]. Moreover, intensive physical activity may be associated with up to a fivefold

higher risk of sudden cardiac death compared to non-exercisers [36].

Treatment and Prevention of Disease Progression

Arrhythmogenic right ventricular cardiomyopathy (ARVC) and its progressive course

predispose patients to life-threatening ventricular arrhythmias, progressive heart failure, and

increased risk of sudden cardiac death [37]. This necessitates appropriate management,

treatment, and mitigation of the aforementioned risks. A crucial role in this is played by the

proper management of physical activity. Studies indicate that reducing sports activity

decreases the frequency of ventricular arrhythmias and may reduce the risk of heart failure in

patients with ARVC. The challenge lies in setting appropriate sports restrictions to prevent

disease progression while not reducing activity to zero, thereby depriving patients of the

health benefits of physical activity. According to international European guidelines,

individuals with ARVC should not engage in high-intensity sports and professional athletics.

Recreational activity is permissible and recommended, with regular health check-ups [38,39].

Research by Wang et al. suggests that limiting activity to <650 METs per year may be

advisable, equivalent to 30-minute brisk walks daily beyond the level of everyday activity

[40].

There are no definitive guidelines for the pharmacological treatment of ARVC. Data

availability is limited, and there is a lack of reproducible studies evaluating the efficacy of
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pharmacological treatment. Antiarrhythmic treatment consistent with the guidelines for

treating ventricular arrhythmias seems to be an appropriate approach for managing ARVC.

Krahn et al. recommend the use of beta-blockers in patients with ARVC and ventricular

arrhythmias [41]. In cases of persistent ventricular arrhythmias, the addition of flecainide to

beta-blocker therapy can be considered [42]. Studies have examined the efficacy of

amiodarone and sotalol in treating ARVC, but their results have not provided conclusive

answers regarding their effectiveness [43,44]. Studies are currently underway to investigate

the efficacy and utility of the sacubitril/valsartan preparation, belonging to the ARNI group.

Their goal is to assess its anti-remodeling and anti-fibrotic effects, which, if positive, could

prevent disease progression and improve the clinical course of the disease.

ICD implantation can be a method of sudden cardiac death prevention in ARVC. ITF

guidelines recommend ICD implantation for primary prevention in patients with a history of

sustained VT with a rate >100 beats/min for >30 seconds or advanced dysfunction of the left

or right ventricle. Indications for ICD implantation for secondary prevention include ARVC

and a previous episode of cardiac arrest with resuscitation. For other patients, it is

recommended to make decisions based on the estimated 5-year risk of sustained VAs, using

appropriate risk calculators [41].

Ablation is also used in treating patients with ARVC, which can reduce the frequency of

ventricular arrhythmias and provides an alternative for patients unwilling to undergo ICD

implantation. Daimee et al. conducted a study involving 116 patients with ARVC who

underwent catheter ablation, achieving a 70% five-year survival without ventricular

arrhythmias [45]. The last treatment method for ARVC, indicated by severe right ventricular

failure resulting from disease progression, is heart transplantation. New data shows the high

effectiveness of such a procedure [46].

Summary

Arrhythmogenic right ventricular cardiomyopathy (ARVC) does not exhibit a uniform

phenotypic expression. It often can be asymptomatic, posing challenges in diagnosis, which

requires vigilance from clinicians. Attention to important family history details and a

thorough analysis of baseline tests such as ECG are crucial, as certain changes may allow for

early disease detection. Patients with ARVC and athletes' hearts share a spectrum of
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electrophysiological and morphological features, which can complicate diagnosis but is

necessary for further management.

The role of intense endurance physical activity in disease development is undeniable.

Therefore, it is important to develop appropriate strategies that balance activity restriction to

halt disease progression and reduce the frequency of ventricular arrhythmias, while

maintaining the health benefits of exercise, which should not be entirely eliminated. Currently,

reducing and limiting the intensity of physical exercise is the most critical step in preventing

disease progression and reducing the risk of sudden cardiac death.

In the treatment of ARVC, the challenge remains in developing effective pharmacological

treatments, as current research does not provide definitive data on the efficacy of drug therapy.

Other treatment methods such as implantation of ICDs, ablation, or heart transplantation may

be considered at an advanced stage of the disease. These approaches are invasive, carry

certain risks, and their application requires careful consideration of potential benefits and risks

to the patient.
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