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Arrhythmogenic right ventricular cardiomyopathy 
(ARVC, also called dysplasia) is a rare, but severe 
cardiovascular disease that predisposes patients to 
ventricular arrhythmias, heart failure, and increased 
risk of sudden cardiac death (SCD). With an esti-
mated prevalence in the range of 1:5000 to 1:2000 in 
the general population, ARVC is one of the leading 
causes of SCD in young people and in athletes.[1–3] It 
is unlikely to be monogenic in origin; there are more 
than 13 reported variants that may be disease modi-
fiers of ARVC in the databases.[4]

The current goals in the management of ARVC are 
early diagnosis, risk stratification for SCD, minimiz-
ing ventricular arrhythmias, and delaying progres-
sion. Though it is an inherited cardiovascular disease 
with progressive myocardial degeneration and fibro-
sis accompanied by inflammation in the sub- and mid-
myocardium,[5,6] ARVC is not easy to diagnose early. 
In children, ARVC may present with severe ventric-
ular arrhythmias, syncope, and cardiac arrest.[7] Even 
an electrical storm might be an initial presentation of 
ARVC.[8]

The clinical diagnosis of ARVC is still challenging 
due to the lack of a definitive diagnostic test. Although 
there are electrocardiographic (ECG), histopatholog-
ical, and imaging features, the classic, early clinical 
manifestations of ARVC are relatively rare, and some 
patients only have palpitations, fatigue, syncope, and 

SCD as the first 
manifestations of 
ARVC.[6,9,10] More-
over, there are some 
asymptomatic ge-
netic carriers with no 
significant structural 
abnormalities at an 
early stage; there-
fore, it is difficult 
to quantify the pro-
gression of the dis-
ease through ECG 
changes alone.[11] 
Some clinical tests, 
such as ECG,[12] 
exercise treadmill 
testing, and plasma 
biomarker levels, e.g., bridging integrator 1 or sex 
hormones, can be useful in the diagnosis of ARVC.[13] 
Suspected ARVC patients should go through a risk as-
sessment and follow-up process for better management 
and prevention of complications.[14] 

There are several ECG features of ARVC. A very 
low 12-lead QRS voltage is characteristic of patients 
with ARVC with heart failure severe enough to war-
rant orthotopic heart transplantation,[15] and thus may 
serve as a clue to the diagnosis. Atrial arrhythmias are 
also common in patients with ARVC and they are as-
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sociated with increased atrial size and right ventric-
ular dysfunction.[16] Bradyarrhythmias are commonly 
seen in ARVC and intraventricular conductional block 
is the most common type.[17] Premature ventricular 
contraction and low QRS voltages are more prevalent 
among ARVC patients. A QRS duration ratio of V2: 
V5 >1.2, prolonged terminal S wave activation dura-
tion in V2 of >55 milliseconds, or anterior, inferior, 
or lateral T-wave inversion may be seen. The J-point 
preceded anterior T-wave inversion <0.1 mV in 98% 
of patients with ARVC in 1 study.[18] Region-specific 
ECG depolarization, such as QRS fragmentation, is 
frequently observed in patients with ARVC and re-
flects delayed conduction due to right ventricular fi-
brosis.[19] However, there are often no demonstrable 
ECG phenotypes in electronic health records.[20] 

Conventional immunohistochemical analysis of 
endomyocardial biopsy samples is highly sensitive 
and specific for ARVC.[21] As an important differential 
diagnostic method,[22] endomyocardial biopsy is still 
suitable for children with ARVC. However, it is inva-
sive and not easily accepted by patients. 

 There is increasing need for the development of 
new, objective, non-invasive imaging techniques for 
diagnosis; for example, emerging imaging techniques, 
such as echocardiogram/magnetic resonance imaging 
strain measurements or computed tomography scan-
ning, and high-throughput sequencing. It has been re-
ported that only the American Society of Echocardio-
graphy criteria were able to differentiate ARVC from 
a control population.[23] Cardiac magnetic resonance 
(CMR) imaging also plays an important role in the 
clinical diagnosis of ARVC. CMR evidence of left 
ventricular involvement is a strong, independent pre-
dictor of cardiac events in patients with a definite, bor-
derline, or possible ARVC diagnosis.[24] An abnormal 
CMR has a very high negative predictive value for 
hard cardiac events. CMR-based regional strain, late 
gadolinium enhancement, and electroanatomic map-
ping may enhance the diagnostic accuracy of CMR 
in ARVC without the need for invasive procedures.[25]

F-fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) is a validated technique for detecting 
myocardial inflammation. Some patients with ARVC 
demonstrate evidence of myocardial inflammation on 
FDG-PET,[26] suggesting that myocarditis may play a 
role in the ARVC pathogenesis.

However, because there is no “gold standard” to 
reach the diagnosis of ARVC, multiple categories of 
routine diagnostic information should be combined 
with ECG changes, arrhythmias, tissue characteriza-
tion, family history, and imaging technologies, such 
as contrast-enhanced cardiac magnetic resonance 
imaging. Electrical instability linked to SCD often 
presents before structural abnormalities, and therefore 
early accurate diagnosis is of utmost importance, and 
there is a need for genetic analysis and testing.

Genetic basis of ARVC and responsible genes

Genetic testing using next-generation semiconductor 
sequencing is essential in family screening and may 
be helpful in risk assessment. It can provide a precise 
clinical diagnosis and guidance for medical care for 
some ARVC individuals. As an inherited cardiomy-
opathy, a genetic abnormality is the most probable 
cause of ARVC, and it has ever been termed a “dis-
ease of the desmosome” because ARVC in 60% of pa-
tients is currently caused by mutations in pathogenic 
desmosomal variants. 

The desmosomal proteins plakophilin-2 (PKP2), 
desmoplakin (DSP), and desmoglein-2 (DSG2) are the 
most commonly seen mutations. Mutated desmosomal 
proteins cause the detachment of cardiac myocytes 
through the loss of cellular adhesions and also affect 
signaling pathways, leading to cell death and substitu-
tion by fibrofatty adipocytic tissue.[27] A DSP mutation 
has frequently been associated with SCD and biven-
tricular arrhythmogenic cardiomyopathy.[28,29]

However, the mechanisms of PKP2 and DSG2 
genetic variations are not precisely the same in all 
populations.[30] The molecular pathomechanisms of 
DSG2 mutations causing ARVC are still unknown.
[31] Whole exome sequencing (ES) of DNA from pe-
ripheral blood has shown that DSG2 p.F531C was 
the main cause of ARVC.[32] A recent study found 
that anti-DSG2 antibodies are a sensitive and specific 
biomarker for ARVC and may represent a new thera-
peutic target.[33]

As we know, mutations in desmosomal proteins 
are not the sole cause of ARVC, since mutations in 
non-desmosomal genes have also been implicated in 
its pathogenesis. In fact, since the discovery of 6 gene 
loci and mutations in ARVC patients in the early 21st 
century,[34,35] in particular deletion of the plakoglobin 
gene, more than 13 genetic variants or mutations have 
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been found to be associated with ARVC.[36–39]

There may also be an identifiable mutation of path-
ogenic sarcomere variants (actin alpha cardiac muscle 
1, myosin-binding protein C 3, myosin heavy chain 
7, myosin light chain 2, myosin light chain 3, tro-
ponin C type 1, troponin I type 3, cardiac troponin T2, 
tropomyosin 1, sodium voltage-gated channel alpha 
subunit 5, and phospholamban).[40] Transmembrane 
protein 43 (TMEM43) gene mutations typically cause 
aggressive ARVC. ARVC type 5 is the most aggres-
sive subtype and is caused by a p.S358L mutation in 
TMEM43.[41] TMEM43-S358L may lead to sustained 
cardiomyocyte death and fibrofatty replacement, and 
it is more likely to have a biventricular arrhythmo-
genic substrate and more inducible ventricular tachy-
cardia.[42] A new study found that down-regulation of 
the canonical Wnt/β-catenin pathway signaling might 
be considered a common key event in the pathogen-
esis of ARVC.[43] Titin missense variants have also 
been commonly identified in arrhythmogenic car-
diomyopathy.[44] Furthermore, tight junction protein 
1 gene variants have been identified in patients with 
ARVC.[45] Naxos disease is an unusual cause.[46,47] 

Since only 50% to 70% of confirmed cases are 
currently attributed to genetics,[20] there may be some 
unidentified genes that play a key role. The currently 
known gene mutations to be involved are summa-
rized in Table 1. It will be interesting and important to 
search for a new variant to control ARVC and its risk 
factors in the future, but whether false positives exist 
is uncertain.

In the era of precision medicine, ES is very im-
portant and beneficial as a criterion for screening and 
diagnosis of ARVC. ARVC-related mutations can be 
easily controlled through powerful laboratory tools, 
such as new technologies including gene or biological 
structure editing, and “molecular scissors” applied to 
the clustered regularly interspaced short palindromic 
repeats (CRISPR), a new type of base editing.[65] 
CRISPR-Cas9-mediated gene editing could be used 
to effectively knock out ARVC-related genes. 

Since the novel RT-ABCDE strategy (E means 
examination, D means disease and risk factors con-
trol, C means changing unhealthy lifestyle and cut-
ting genetic or spreading pathways, B means bio-haz-
ard control, A means antagonistic treatment, and RT 
means reversible, right, and routine treatment) was 

developed to treat human disease in 2008,[66] it was 
further developed into intervention of RT-ABCDEF 
(iRT-ABCDEF), with the inclusion of F for follow-up. 
Now iRT-ABCDEF programs have been successfully 
used for the control and prevention of major non-com-
municable diseases, such as cancer,[67] chronic heart 
failure,[68] and acute myocardial infarction.[69] The 
combination of iRT-ABCDEF and ES may help us to 
control ARVC more effectively in the era of precision 
medicine (Fig. 1). Obviously, in the management of 
ARVC, long-term follow-up and systemic examina-
tion is very important for early diagnosis. 

As we know, some lifestyle factors, such as en-

Figure 1. A combination of iRT-ABCDEF and ES for ARVC. 
A: Antagonistic treatment; AED: Automated external defibril-
lator; APC: Atrial premature contraction; AT: Atrial tachycar-
dia; B: Bio-hazard control; Bp: Blood pressure; C: Changing 
unhealthy lifestyle and cutting genetic or spreading path-
ways; CVD: Cardiovascular disease; D: Disease and risk fac-
tor control; E: Examination; ECG: Electrocardiogram; ECHO: 
Echocardiography; ES: Exome sequencing; F: Follow-up; I: 
Intervention; ICD: Implantable cardioverter defibrillator; RT: 
Reversible, right, and routine treatment; SCD: Sudden car-
diac death; SEEDi; Sleep-emotion-exercise-diet interven-
tion; TMEM43: Transmembrane protein 43; VPC: Ventricular 
premature contraction; VT: Ventricular tachycardia.
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Table 1. ARVC-related genetic variants or mutations and published articles

No.	 ARVC-related genes	 Frequency	 Authors	 Published articles

1	 Plakoglobin (JUP) 	 Common	 McKoy G, et al.[48]	 Lancet 2000;355:2119-24.

			   Franz WM, et al.[35]	 Lancet 2001;358:1627-37.

			   Protonotarios N, et al.[49]	 JACC 2001;38:1477-84.

			   Kirchhof P, et al.[50]	 Circulation 2006;114:1799-806.

			   Antoniades L, et al.[51]	 Eur Heart J 2006;27:2208-16.

			   Xu T, et al.[52]	 JACC 2010;55:587-97.

2	 Desmoplakin (DSP)	 Common	 Franz WM, et al.[35]	 Lancet 2001;358:1627-37.

			   Norman M, et al.[53]	 Circulation 2005;112:636-42.

			   Bauce B, et al.[54]	 Eur Heart J 2005;26:1666-75.

			   Xu T, et al.[52] 	 JACC 2010;55:587-97.

			   Kapplinger JD, et al.[55]	 JACC 2011;57:2317-27.

			   Gomes J, et al.[56]	 Eur Heart J 2012;33:1942-53.

3	 Ryanodine receptor (RYR2)	 Rare	 Franz WM, et al.[35]	 Lancet 2001;358:1627-37.

4	 Desmoglein-2 (DSG2)	 Common	 Pilichou K, et al.[57]	 Circulation 2006;113:1171-9.

			   Syrris P, et al.[58]	 Eur Heart J 2007;28(5):581-8.

			   Xu T, et al.[52]	 JACC 2010;55:587-97.

			   Kapplinger JD, et al.[55]	 JACC 2011;57:2317-27.

			   Dieding M, et al.[31]	 Scientific Reports 2017;7(1):13791.

	 DSG2 p.F531C	 Common	 Lin Y, et al.[32]	 J Electrocardiol 2018;51:837-43.

5	 Plakophilin-2 (PKP2)	 Common	 Syrris P, et al.[59]	 Circulation 2006;113:356-64.

			   van Tintelen JP, et al.[60]	 Circulation 2006;113:1650-8.

			   Antoniades L, et al.[51] 	 Eur Heart J 2006;27:2208-16.

			   Xu T, et al.[52]	 JACC 2010;55:587-97.

			   Kapplinger JD, et al.[55]	 JACC 2011;57:2317-27.

			   Cruz FM, et al.[61]	 JACC 2015;65:1438-50.

6	 Desmocollin-2 (DSC2)	 Common	 Xu T, et al.[52]	 JACC 2010;55:587-97.

			   Kapplinger JD, et al.[55]	 JACC 2011;57:2317-27.

7	 Plakophilin-4 (PKP4)	 Rare	 Xu T, et al.[52]	 JACC 2010;55:587-97.

8	 Titin (TTN)	 Rare	 Taylor M, et al.[62]	 Circulation 2011;124:876-85.

			   Chen K, et al.[44] 	 Clin Cardiol 2018;41:615-22.

9	 Transmembrane protein 43 	 Common	 Kapplinger JD, et al.[55]	 JACC 2011;57:2317-27.

	 (TMEM43)		  Haywood AF, et al.[63]	 Eur Heart J. 2013;34:1002-11.

	 TMEM43-p.R312W 		  Milting H, et al.[38]	 Eur Heart J. 2015;36:872-81.

	 TMEM43-p.S358L 		  Padrón-Barthe L, et al.[41] 	 Circulation 2019;140:1188-204.

10	 Lamin A/C gene (LMNA) 	 Rare	 Quarta G, et al.[64]	 Eur Heart J 2012;33:1128-36.

11	 Catenin alpha 3 (CTNNA3) 	 Rare	 van Hengel J, et al.[36]	 Eur Heart J. 2013;34:201-10.

12	 Others	 Rare	

	 Sarcomere variants		  Murray B, et al.[40]	 J Cardiovasc Electrophysiol		

	 (ACTC1, TPM1, SCN5A)			   2018;29:1004-9.

	 TJP1		  De Bortoli M, et al.[45]	 Circ Genom Precis Med 

				    2018;11:e002123.

Notes: The most common mutations resulting in ARVC are seen in genes DSC2, DSG2, DSP, JUP, PKP2, and TMEM43. Less commonly encountered genes 
are CTNNA3, LMNA, RYR2, Transforming growth factor beta-3 (TGFB3), and TTN. Desmosomal genes are JUP, DSP, PKP2, DSG2, DSC2, and LMNA.
ACTC1: Actin alpha cardiac muscle 1; ARVC: Arrhythmogenic right ventricular cardiomyopathy; SCN5A: Sodium voltage-gated channel alpha subunit 5; 
TPM1: Tropomyosin 1; TJP1: Tight junction protein 1.



vironment and exercise, may affect the outcome and 
prognosis of ARVC. To change unhealthy lifestyles, 
it is advisable to follow the “sleep-emotion-exercise-
diet” intervention (SEEDi1.0-3.0) strategy.[70] A healthy 
lifestyle has a role in the prevention of ARVC-related 
SCD, which not only reduces risk factors, but also re-
duces genetic variation. ES is of great significance for 
ARVC screening and early diagnosis. Risk stratifica-
tion has been conducted according to the results of 
major risk factors, such as electrical instability, car-
diogenic syncope, or SCD events, as well as multi-
ple mutations, such as TMEM43[71] and others. This 
helps to control the risk of ARVC in registered and 
suspected subjects and improve the clinical manage-
ment of ARVC. 

Early screening and diagnosis of ARVC using 
iRT-ABCDEF with ES for comprehensive manage-
ment of ARVC patients according to risk stratifica-
tion and long-term follow-up is of great significance 
for control and prevention of ARVC-related SCD. 
Implantable cardioverter defibrillator therapy, au-
tomated external defibrillators in public places, and 
SEEDi1.0-3.0 technologies are very helpful in reducing 
SCD and other unexpected events in ARVC patients. 
Of course, prevention of SCD with a device is crucial 
in the management of these patients.

When combined with ES, iRT-ABCDEF (Fig. 1) 
is not only suitable for the management of ARVC, 
but also for the management of arrhythmia associ-
ated with left ventricular cardiomyopathy caused by a 
PKP2 variant and other conditions. Although the right 
ventricle is most affected, left ventricular involvement 
has been increasingly recognized. At present, there is 
still a lack of data on long-term follow-up outcomes 
and prognosis of left ventricular cardiomyopathy and 
ARVC. Therefore, it is very helpful to use the combi-
nation of iRT-ABCDEF and ES in the clinical man-
agement of arrhythmogenic cardiomyopathy, and to 
use a model developed for the individualized predic-
tion of incident ventricular arrhythmia/SCD events in 
ARVC patients.[72]

Summary

This article provides a brief definition of ARVC and 
describes its importance in clinical practice, diagnos-
tic methods currently used in clinical medicine and 
their limitations, the genetic basis and analysis of 
ARVC, the responsible genes, and the iRT-ABCDEF 

concept and its application combined with ES in the 
management of ARVC. In conclusion, as a novel, 
personalized, and comprehensive strategy, the com-
bination of iRT-ABCDEF and ES is a better method 
for management of ARVC in the new era of precision 
medicine, and will help to find new ARVC-related ge-
netic variants or mutations in the future.
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