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Abstract
BACKGROUND 
Arrhythmogenic right ventricular (RV) cardiomyopathy is a rare and currently 
underrecognized cardiomyopathy characterized by the replacement of RV 
myocardium by fibrofatty tissue. It may be asymptomatic or symptomatic (palpit-
ations or syncope) and may induce sudden cardiac death, especially during 
exercise. To prevent adverse events such as sudden cardiac death and heart 
failure, early diagnosis and treatment of arrhythmogenic RV cardiomyopathy 
(ARVC) are crucial. We report a patient with ARVC characterized by recurrent 
syncope during exercise who was successfully treated with combined endocardial 
and epicardial catheter ablation.

CASE SUMMARY 
A 43-year-old man was referred for an episode of syncope during exercise. 
Previously, the patient experienced two episodes of syncope without a firm 
etiological diagnosis. An electrocardiogram obtained at admission indicated 
ventricular tachycardia originating from the inferior wall of the right ventricle. 
The ventricular tachycardia was terminated with intravenous propafenone. A 
repeat electrocardiogram showed a regular sinus rhythm with negative T waves 
and a delayed S-wave upstroke from leads V1 to V4. Cardiac magnetic resonance 
imaging showed RV free wall thinning, regional RV akinesia, RV dilatation and 
fibrofatty infiltration (RV ejection fraction of 38%). An electrophysiological study 
showed multiple inducible ventricular tachycardia as of a focal mechanism from 
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the right ventricle. Endocardial and epicardial voltage mapping demonstrated 
scar tissue in the anterior wall, free wall and posterior wall of the right ventricle. 
Late potentials were also recorded. The patient was diagnosed with ARVC and 
treated with combined endocardial and epicardial catheter ablation with a very 
satisfactory follow-up result.

CONCLUSION 
Clinicians should be aware of ARVC, and further workup, including imaging 
with multiple modalities, should be pursued. The combination of epicardial and 
endocardial catheter ablation can lead to a good outcome.

Key Words: Arrhythmogenic right ventricular cardiomyopathy; Endocardial catheter 
ablation; Epicardial catheter ablation; Syncope; Exercise; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Classification of cardiomyopathy based on clinical phenotype is critical. In 
general, arrhythmogenic right ventricular cardiomyopathy should be suspected in 
patients with right ventricular arrhythmia, a family history of arrhythmogenic right 
ventricular cardiomyopathy or sudden death or abnormal electrocardiogram features 
such as repolarization or depolarization abnormalities in the right leads. We hope that 
this case will raise awareness of arrhythmogenic right ventricular cardiomyopathy.

Citation: Wu HY, Cao YW, Gao TJ, Fu JL, Liang L. Arrhythmogenic right ventricular 
cardiomyopathy characterized by recurrent syncope during exercise: A case report. World J 
Clin Cases 2021; 9(16): 4095-4103
URL: https://www.wjgnet.com/2307-8960/full/v9/i16/4095.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i16.4095

INTRODUCTION
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a rare and under-
recognized cardiomyopathy that involves replacement of the RV myocardium with 
fibrofatty tissue[1]. The incidence of ARVC is approximately 1:5000[2]. ARVC is 
thought to be caused by abnormal desmosomal proteins and is associated with an 
increased risk of sudden cardiac death, especially during exercise. The relationship 
between exercise and the natural history of ARVC has been recognized, with 
strenuous exercise being undeniably associated with increased risk of sudden death, 
disease progression, earlier onset and worse phenotype. The harmful effects of 
exercise on ARVC are related to the risk of arrhythmia and the progression of RV 
dysfunction[3,4]. Clinicians should consider ARVC when RV arrhythmia, electro-
cardiogram (ECG) repolarization or depolarization abnormalities (V1 to V3) and 
especially syncope during exercise are present. We report a patient with ARVC charac-
terized by recurrent syncope during exercise who was successfully treated with 
combined endocardial and epicardial catheter ablation.

CASE PRESENTATION
Chief complaints
A 43-year-old man presented with recurrent episodes of syncope during exercise for 6 
mo.

History of present illness
Previously, the patient had reported two episodes of syncope during exercise 
(running), 6 mo and 2 mo before the current presentation. The patient was referred to a 
local hospital, where a 12-lead ECG indicated ventricular tachycardia (VT). An 
intravenous amiodarone infusion was given, and the VT was terminated. The patient 
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then took amiodarone regularly without further examination or treatment. One hour 
before admission to our hospital, the patient experienced an episode of syncope with a 
recovery time of approximately 2 min during exercise (running). The patient recovered 
spontaneously without cardiopulmonary resuscitation. Subsequently, the patient felt 
persistent palpitations.

History of past illness
The patient had a 4-year history of hypertension and was treated by nifedipine 
controlled-release tablets (30 mg/d) with blood pressure controlled at approximately 
130/80 mmHg.

Personal and family history
The patient had no relevant personal history. The patient denied a family history of 
premature coronary artery disease or sudden cardiac death. Genetically inherited 
cardiomyopathies or arrhythmias were also denied.

Physical examination
The patient’s vital signs on arrival were as follows: Blood pressure of 110/68 mmHg, 
heart rate 192 beats per minute and respiratory rate of 22 breaths per minute. 
Pulmonary and cardiac examinations showed no significant abnormalities. Jugular 
vein engorgement and peripheral edema were not found.

Laboratory examinations
The troponin I level was 0.78 ng/mL (normal range < 0.04). The patient’s leukocyte, 
hemoglobin, inflammatory factor, renal function, liver function, electrolyte, D-dimer 
and B-type natriuretic peptide levels were not significantly abnormal.

Imaging examinations
An initial 12-lead ECG at admission demonstrated a regular, wide QRS complex 
tachycardia at 192 beats per minute of a left bundle-branch block morphology with a 
broad positive R-wave in lead aVR, an initial R-wave duration greater than 30 ms in 
lead V2 and an R-to-S interval greater than 100 ms in lead V6. These ECG findings 
strongly suggested VT (according to the VT morphology criteria in the Brugada 
algorithm and the initial dominant R-wave in the Vereckei aVR algorithm). The left 
bundle-branch block morphology and superior axis (positive QRS in lead aVL and 
negative QRS in leads II, III, and aVF) were consistent with VT originating in the 
inferior wall of the right ventricle (Figure 1A). The VT was terminated with 
intravenous propafenone (70 mg). A repeat ECG showed a regular sinus rhythm of 65 
beats per minute with negative T waves and a delayed S-wave upstroke (60 ms) from 
leads V1 to V4 (Figure 1B).

A coronary angiogram revealed mild coronary stenosis (Figure 2), and RV 
angiography showed regional RV akinesia and aneurysm (Video 1). Cardiac magnetic 
resonance imaging (CMRI) showed RV free wall thinning, regional akinesia, dilatation, 
aneurysm and fibrofatty infiltration (RV end-diastolic volume to body surface area 127 
mL/m2, RV ejection fraction of 38%), and the left ventricular structure and function 
were normal (Figure 3).

The patient underwent an electrophysiological study, which revealed multiple 
inducible VTs of a focal mechanism from the right ventricle (Figure 4A). Endocardial 
and epicardial 3D-electroanatomic voltage mapping demonstrated scar tissue (low-
voltage < 0.5 mV) in the anterior wall, free wall and posterior wall of the right 
ventricle (Figure 4B and 4C). Late potentials were recorded (Figure 4D), and the focal 
mechanism of VT was marked (Figure 4E).

FINAL DIAGNOSIS
The diagnosis of ARVC was confirmed.

TREATMENT
Combined endocardial and epicardial catheter ablation rendered all VTs noninducible 
by programmed stimulation with up to four extra stimuli.

https://f6publishing.blob.core.windows.net/78ceb87e-8360-45a5-88cd-ff63a1f2bb3d/WJCC-9-4095-video.mp4
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Figure 1 Twelve-lead electrocardiogram findings at admission and after drug cardioversion. A: An electrocardiogram at admission revealed 
ventricular tachycardia (192 beats per minute) with a superior axis (positive QRS in lead aVL and negative QRS in leads II, III, and aVF), indicating an origin in the 
inferior wall of the right ventricle; B: An electrocardiogram after drug cardioversion showed a regular sinus rhythm at 65 beats per minute with negative T waves and a 
delayed S-wave upstroke (60 ms) from leads V1 to V4.

OUTCOME AND FOLLOW-UP
The patient was free of complications during hospitalization. Vigorous exercise or 
exertion was not recommended. At the 4-year follow-up, the patient was asymp-
tomatic. Twenty-four-hour Holter monitoring showed sinus rhythm with occasional 
premature ventricular complexes (13 beats per 24 h) but without VT.

DISCUSSION
The patient in this case report developed recurrent syncope during exercise. Based on 
the finding of RV akinesia and a reduced RV ejection fraction on CMRI, along with the 
presenting arrhythmia and ECG repolarization and depolarization abnormalities, the 
patient met the revised task force criteria for ARVC (three major and one minor 
criteria)[5].

ARVC is a rare cardiomyopathy that is mainly determined by genetics, and its 
pathological feature is fibrofatty substitution of the myocardium, particularly in the 
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Figure 2 Coronary angiographic results. A and B: Mild atherosclerotic changes in the left anterior descending artery (orange arrow) and no obvious 
atherosclerotic changes in the left main trunk and left circumflex coronary artery (white arrow); C: Mild atherosclerotic changes in the right coronary artery (black 
arrow).

Figure 3 Cardiac magnetic resonance imaging in different views showed right ventricular free wall thinning, right ventricular dilatation, 
fibrofatty infiltration and regional right ventricular aneurysm. A: Fibrofatty infiltration (white arrow); B: Regional right ventricular aneurysm (orange 
arrow). RV: Right ventricle; LV: Left ventricle.

right ventricle. In the early stage, structural changes may be absent or slight and are 
limited to the local area of the right ventricle, usually in the inflow, outflow or apex of 
the right ventricle. Progression to more diffuse RV disease and left ventricular 
involvement, with the posterior lateral wall most often involved, can occur. The 
biventricular variant of ARVC, involving two ventricles, is rare, and its progression is 
characterized by systolic damage and biventricular dilatation. The clinical features are 
global congestive heart failure and ventricular arrhythmias originating from either 
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Figure 4 Electrophysiological study results. A: Multiple inducible right ventricular tachycardias of a focal mechanism; B and C: Endocardial (B) and 
epicardial (C) 3D-electroanatomic voltage mapping demonstrated scar tissue in the anterior wall, free wall and posterior wall of the right ventricle (gray area); D: 3D 
electroanatomic voltage mapping showed late potentials (red arrow); E: The focal mechanism of ventricular tachycardia was shown.

ventricle[6]. Fibrofatty tissue in ARVC develops from the epicardium to the 
endocardium, resulting in thinning of the ventricular wall, ventricular dilation and 
aneurysm. Fibrofatty tissue is thought to participate in the occurrence of ventricular 
arrhythmia by inhibiting intraventricular conduction and scar-related large macro re-
entry mechanisms, similar to the situation observed after myocardial infarction[7].

Physical exercise is considered to be a factor that promotes the development and 
progression of the ARVC phenotype. Exercise can increase the risk of sudden cardiac 
death in patients with ARVC, which may be related to the aggravation of the 
mechanical uncoupling of myocardial cells and the resultant malignant ventricular 
arrhythmia. The damage caused by adhesion between myocardial cells may lead to 
vulnerability in tissues and organs, which may promote myocardial cell death, 
especially in the case of mechanical stress, which occurs in endurance exercise. This 
may increase the age-related penetrance of ARVC desmosome gene carriers, VT risk 
and heart failure rate[8]. A decrease in exercise after the clinical manifestations of 
ARVC is independently related to the decrease in ventricular arrhythmia. Regardless 
of the mutation status and treatment plan of ARVC patients, it should be 
recommended to restrict exercise, especially for patients with elusive genes, and 
patients may particularly benefit from a primary prevention implantable cardioverter 
defibrillator (ICD). In high-risk patients, reducing exercise is unlikely to sufficiently 
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reduce the risk of arrhythmia[9].
ARVC may remain asymptomatic or be associated with multiple symptoms, such as 

effort-induced syncope, palpitations and dizziness. Sudden cardiac death may be the 
first manifestation of ARVC, at an average age of 20-40 years[10]. ARVC is more 
malignant in men than in women, which can be explained by the direct effect of sex 
hormones on the mechanism of disease phenotype expression[7].

In 2010, the international task force revised the ARVC diagnostic guidelines[5]. Due 
to the lack of specific diagnostic criteria, the diagnosis of ARVC is still challenging, as 
there are multiple causes of RV arrhythmias, fairly nonspecific ECG abnormalities, 
difficulties in imaging the RV structure and function and sometimes confusing gene 
detection results[7,11]. ECG in patients with ARVC usually shows delayed RV 
depolarization, manifested by prolonged terminal activation (S wave) duration in 
leads V1 to V3. Inverted T waves in leads V1 to V3 occurred in up to 87% of patients 
with ARVC[12]. Epsilon waves may also be recognized in leads V1 to V3 in 30% of 
ARVC patients, which represent the delayed-activation region in the right ventricle 
caused by myocardial fibrofatty replacement[13]. However, approximately 30% of 
patients diagnosed with ARVC do not meet the 2010 ECG criteria[13].

Ventricular arrhythmias are triggered or worsened by adrenergic stimulation, and 
they include frequent premature ventricular contractions, VT and ventricular fibril-
lation. Imaging techniques for the diagnosis of ARVC include RV dilation and 
dysfunction and regional wall motion abnormalities. Because of the anatomical 
location, load-dependent physiology, complex geometry and challenging acoustic 
windows of the right ventricle, it is difficult to accurately assess RV structure and 
function by echocardiography[14]. At the same time, the sensitivity of echocardio-
graphy in the early diagnosis of the disease is relatively poor. Therefore, echocardio-
graphy should not be used as the only imaging technique if ARVC is considered a 
possibility.

CMRI is the preferred imaging technique for the diagnosis of ARVC because it 
assesses ventricular structural and functional abnormalities through noninvasive 
tissue characteristics, especially when late gadolinium enhancement is used, which 
provides information on fibrofatty myocardial scars[15]. Although endocardial 
biopsies may be helpful in the differential diagnosis from other cardiomyopathies, 
they often produce nonspecific findings owing to the patchy nature of the disease[16]. 
In addition, safety issues limit the use of endocardial biopsies. Although endocardial 
biopsy is not a routine indication, it should be reserved for patients with a sporadic 
form of ARVC.

Gene detection has allowed great progress in the diagnosis of ARVC, and it appears 
to be crucial for excluding ARVC in subjects whose ECG, echocardiography or CMRI 
cannot provide definite results and for screening relatives of ARVC patients. Sixteen 
genes have been associated with the ARVC phenotype, and most of them encode 
components of desmosomes[17]. However, the true prevalence of genetic mutations 
causing ARVC has not been determined, and the success rate of genotyping is 
estimated to be approximately 50% in patients who meet the diagnostic criteria for 
ARVC[18]. Therefore, negative gene testing cannot exclude the possibility of ARVC.

The current treatment of ARVC is palliative, which can only partially relieve 
symptoms and reduce sudden cardiac death risk. Antiarrhythmic drugs are the first-
line treatment for ARVC ventricular arrhythmias with stable hemodynamics. 
However, there are no prospective and randomized trials on the systematic 
comparison of antiarrhythmic drug treatment in ARVC. In addition, it is difficult to 
evaluate the efficacy of specific antiarrhythmic drug treatments because patients with 
ARVC often develop multiple arrhythmias with the progression of the disease, and 
antiarrhythmic drugs often change. The currently available data are limited to 
retrospective analyses, case-control studies and clinical registration. Therefore, the 
indications and selection of antiarrhythmic drugs are based on empirical methods 
inferred from other diseases, personal experience, consensus and personal decisions.

Sotalol has been shown to be beneficial for ARVC. Amiodarone alone or in 
combination with β receptor blockers is considered to be an effective treatment. It is 
recommended that an ICD can be applied in cardiac arrest survivors or persistent VT 
patients[14]. An ICD is still the standard of care in patients with ARVC with prior 
reported VT/syncope. Considering the risks of late ICD system infection, lead failure, 
inappropriate shocks, vascular obstruction, endocarditis and the high costs, the patient 
in our case received radiofrequency ablation.

Catheter ablation is an important treatment method for VT in ARVC. Because of the 
transmural involvement of ARVC in most patients and the early involvement of the 
epicardium, the initial endocardial ablation-only results were disappointing. The long-
term effect of endocardial ablation to prevent recurrence of VT is only 25%-53%[19]. 
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The unsatisfactory results were improved due to the increased understanding of the 
pathophysiology of ARVC and the application of epicardial ablation. The combination 
of epicardial and endocardial catheter ablation to map and target all inducible VTs can 
lead to good long-term outcomes with antiarrhythmic results in most patients without 
drug treatment. Recent studies have shown that the effectiveness rate of combined 
epicardial and endocardial ablation to prevent recurrence of VT is 45%-84.6%[20].

CONCLUSION
Classification of cardiomyopathy based on clinical phenotype is critical. A single test 
cannot diagnose ARVC. The diagnosis requires comprehensive judgment from 
morphofunctional, electrophysiological, histological and genetic examinations. In 
general, ARVC should be suspected in patients with RV arrhythmia, a family history 
of ARVC or sudden death or abnormal ECG features such as repolarization or 
depolarization abnormalities (V1 to V3), and further workup, including imaging with 
multiple modalities (such as CMRI), should be pursued. The combination of epicardial 
and endocardial catheter ablation can lead to a good outcome.
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