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Abstract

Background: Arrhythmogenic right ventricular cardiomyopathy 
(ARVC) is an inherited progressive cardiomyopathy. We aimed to 
define the long-term clinical outcome and genetic characteristics of 
patients and family members with positive genetic tests for ARVC in 
a single tertiary care cardiac center in Saudi Arabia.

Methods: We enrolled 46 subjects in the study, including 23 index-
patients (probands) with ARVC based on the revised 2010 ARVC 
Task Force Criteria (TFC) and 23 family members who underwent a 
genetic test for the ARVC between 2016 and 2020.

Results: Of the probands, 17 (73.9%) were males with a mean age 
at presentation of 24.95 ± 13.9 years (7 to 55 years). Predominant 
symptoms were palpitations in 14 patients (60.9%), and syncope in 10 
patients (43.47%). Sustained ventricular tachycardia (VT) was docu-
mented in 12 patients (52.2%). The mean left ventricular ejection frac-
tion (LVEF) by echocardiogram was 52.81±6.311% (30-55%), and the 
mean right ventricular ejection fraction (RVEF) by cardiac MRI was 
41.3±11.37% (23-64%). Implantable cardioverter-defibrillator (ICD) 
implantation was performed in 17 patients (73.9%), and over a mean 
follow-up of 13.65 ± 6.83 years, appropriate ICD therapy was noted 
in 12 patients (52.2%). Genetic variants were identified in 33 subjects 
(71.7%), 16 patients and 17 family members, with the most common 
variant of plakophilin 2 (PKP2) in 27 subjects (81.8%).

Conclusions: ARVC occurs during early adulthood in Saudi patients. 

It is associated with a significant arrhythmia burden in these patients. 
The PKP2 gene is the most common gene defect in Saudi patients, con-
sistent with what is observed in other nations. We reported in this study 
two novel variants in PKP2 and desmocollin 2 (DSC2) genes. Genetic 
counseling is needed to include all first-degree family members for 
early diagnosis and management of the disease in our country.

Keywords: Arrhythmogenic right ventricular cardiomyopathy; Ge-
netics; PKP2 variant; Heart failure

Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC), 
also known as arrhythmogenic right ventricular dysplasia 
(ARVD), is an inherited cardiomyopathy [1].

ARVC primarily affects the right ventricle (RV) with aki-
netic or dyskinetic areas involving the free wall of the ventricle, 
fibrofatty replacement of the myocardium, and accompanying 
ventricular arrhythmias (VAs), which commonly originate in 
the RV. However, ARVC has been described as an isolated left 
ventricular (LV) disease [2].

The typical age of presentation is between the second and 
the fourth decade of life. ARVC is characterized by VAs rang-
ing from premature ventricular complexes (PVCs) to ventricu-
lar tachycardia (VT), typically of RV origin, and may result in 
RV failure and progress to congestive heart failure at a later 
stage. ARVC is a recognized cause of sudden cardiac death 
(SCD) in young individuals [3].

ARVC variants in at least 13 genes are seen in 30-60% 
of patients [4]. Most of these genes are involved in the func-
tion of desmosomes, which are specialized adhesive junction 
that interacts with the cytoskeleton and participates in cross-
talk with gap and adherens junctions. Desmosomes consist 
of a symmetrical protein complex with each end residing in 
the cytoplasm of one of a pair of adjacent cells, anchoring 
intermediate filaments in the cytoskeleton to the cell [5]. A 
large majority of variants in ARVC patients have been found 
in genes encoding different components of the cardiac des-
mosome, i.e., plakophilin 2 (PKP2), desmocollin 2 (DSC2), 
desmoglein 2 (DSG2), desmoplakin (DSP), and plakoglobin 
(JUP), suggesting that ARVC/D is primarily a disease of dis-
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turbed desmosomal function. However, variants in other genes 
(non-desmosomal genes) have also been reported in ARVC, 
including transmembrane protein 43 (TMEM43), desmin 
(DES), and titin (TTN), indicating genetic heterogeneity [6, 7]. 
Several ARVC cases were found to be caused by multiple vari-
ants in the same gene (compound heterozygosity) or variants 
in different genes (digenic inheritance), which could result in 
an earlier onset and increased disease severity [6]. ARVC is 
inherited predominantly as an autosomal dominant in its clas-
sical form and as autosomal recessive in non-classical form 
with cardiocutaneous disease such as Naxos disease, which is 
associated with palmoplantar keratoderma and woolly hair [8] 
and Carvajal syndrome [9]. We previously described the clini-
cal characteristic of ARVC in Saudi Arabia [10]. However, 
genetic testing was only performed in 60% of patients in the 
previous study. In the current study, we include only patients 
with genetic testing and their family members with available 
genetic testing results. We will concentrate on the genetics of 
these patients. Furthermore, the duration of follow-up is longer 
in the current study. Only 10 patients were included in this 
study from the previous cohort.

This study aimed to define the long-term clinical outcome 
and genetic characteristics in a cohort of Saudi patients and 
family members for ARVC in a single tertiary care cardiac 
center in Saudi Arabia.

Materials and Methods

Study population

The study population comprised 23 index-patients (probands) 
fulfilling the 2010 ARVC Task Force Criteria (TFC) [11] for 
definite diagnosis and 23 family members with available data 
of genetic testing for ARVC enrolled in the ARVC registry at 
King Faisal Specialist Hospital & Research Centre, Riyadh. 
The study has been approved by the Research Ethics Commit-
tee (REC) at King Faisal Specialist Hospital & Research Cent-
er (KFSH&RC), Riyadh. The study was conducted in compli-
ance with the ethical standards of the responsible institution 
on human subjects, as well as with the Helsinki Declaration.

Clinical analysis

A retrospective analysis of clinical and genetic data of ARVC 
patients and family members, including each individual’s de-
mographic data and medical history was conducted. These 
data were obtained by reviewing medical records, electronic 
clinical evaluations, and device clinic charts. Genetic counse-
lors with a special interest in ARVC obtained a detailed family 
history for pedigree analysis through patient interviews.

Molecular genetic analysis

All index-patients underwent genetic testing of PKP2, DSP, 
DSG2, DSC2, and JUP with direct sequencing of the entire 

coding regions or the next generation multi-gene panel. First-
degree family members were screened for the variant found in 
their respective index patients, if any.

Statistical analysis

Continuous variables were summarized as mean ± standard 
deviation (SD), and categorical variables were reported as fre-
quency (%). SPSS statistical software (version 20; SPSS Inc., 
Chicago, IL) was used for the analyses.

Results

Presenting clinical characteristics, clinical course, and 
long-term outcome

Table 1 summarizes the major presenting clinical features of 
the 23 probands. Our patient cohort consists of 23 probands, 
17 were males (73.9 %), with a mean age at the diagnosis of 
24.95 ± 13.9 years (ranging from 7 to 55 years). The clinical 
presentation was palpitations in 14 patients (60.9%), dizziness 
in four patients (17.4 %), shortness of breath in six patients 
(26.1%), and syncope in 10 patients (43.5%). Sustained VT 
was seen in 12 patients (52.2%), and three were survivors of 
sudden cardiac arrest (13%). Family history of ARVC was pre-
sent in four patients (17.4%), and a family history of SCD was 
present in six patients (26.1%). A history of consanguinity was 
present in six patients (26.1%).

The electrocardiogram (ECG) depolarization changes 
meeting major diagnostic criteria were found in nine patients 
(39%), and ECG repolarization changes meeting major diag-
nostic criteria were found in 17 patients (73.9%).

Echocardiogram changes meeting major diagnostic criteria 
were found in nine patients (39%), and cardiac magnetic reso-
nance imaging (MRI) was performed in 11 patients (47.8%) 
and showed changes compatible with major diagnostic crite-
ria in six patients (54.5%). The mean left ventricular ejection 
fraction (LVEF) by echocardiogram was 52.8±6.3% (30-55%), 
and the mean right ventricular ejection fraction (RVEF) by car-
diac MRI was 41.3±11.37% (23-64%). LV involvement with 
LVEF of < 40% was present in three patients (13%).

Medical management, antiarrhythmic medications, elec-
trophysiologic studies and ablation procedures are summa-
rized in Table 1.

Seventeen patients (73.9%) underwent implantable cardi-
overter-defibrillator (ICD) implantation, of whom 13 patients 
(56.5%) had ICD implanted for secondary prevention of SCD 
(three patients were survivors of SCD, and 10 patients had sus-
tained VT). Of note, two survivors of SCD also had VT dur-
ing hospitalization. One patient (4.3%) died from non-cardiac 
causes during the follow-up. Over a mean follow-up of 13.65 
± 6.83 years, 12 of the 17 patients (70.6%) had received ap-
propriate therapy for sustained VAs.

The 23 family members consisted of 11 males (47.8%) 
with a mean age of 34.4 ± 13 years (23 - 50 years) with a his-
tory of palpitations in five patients (31.25%). There was no 
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definite case of ARVC in these subjects.

Genetic testing result

Genetic testing was performed on all patients and available 
first-degree family members. Out of 113 eligible first-degree 

family members for ARVC screening, only 23 subjects (20%) 
underwent workup, including genetic testing, despite having 
genetic counselors and providing screening of family members 
for free.

Variants were identified in 71.7% of all study subjects 
(33 subjects, including 16 patients and 17 family members). 
The most common variants detected were in PKP2 in 81.8% 

Table 1.  Clinical Characteristics of the Probands

Characteristics No. or value (%)
Age 24.95 ± 13.9 years (7 to 55 years)
Gender 17 males (73.91%)
Clinical presentation
  Palpitations 14 (60.9%%)
  Shortness of breath 6 (26.1%)
  Dizziness 4 (17.4%)
  Syncope 10 (43.5%)
  VT 12 (52.2%)
  SCD 3 (13%)
Family history of SCD 6 (26.1%)
Family history of ARVC 4 (17.4%)
Diagnostic workup
  ECG
    Epsilon wave 9 (39%)
    T-wave inversion in V1-3 or beyond 17 (73.9%)
  Echocardiogram meeting major diagnostic criteria 9 (39%)
    LVEF 52.8±6.3% (30-55%)
  Cardiac MRI meeting major diagnostic criteria 6/11 (54.5%)
    RVEF 41.3±11.4% (23-64%)
Medications
  Beta-blockers 12 (52.2%)
  ACEIs/ARBs 10 (43.5%)
  MRC 1 (4.5%)
  Sotalol 8 (34.8%)
  Flecainide 2 (9.1%)
  Amiodarone 7 (30.4%)
ICD therapy 17 (73.9%)
EPS procedures
  PVCs ablation 3 (13%)
  VT ablation 7 (30.4%)
  SVT ablation 4 (17.4%)
Follow-up 13.22 ± 6.83 years (2 - 25 years)
  VT/VF on follow-up 12/17 (70.6%)
  Mortality 1 (4.3%) non-cardiac cause

ACEIs/ARBs: angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers; ARVC: arrhythmogenic right ventricular cardiomyopathy; 
ECG: electrocardiogram; EPS: electrophysiology study; ICD: implantable cardioverter-defibrillator; LVEF: left ventricular ejection fraction; MRC: 
mineralocorticoid receptor antagonist; MRI: magnetic resonance imaging; PVCs: premature ventricular complexes; RVEF: right ventricular ejection 
fraction; SCD: sudden cardiac death; SVT: supraventricular tachycardia; VF: ventricular fibrillation; VT: ventricular tachycardia.
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of all positive results (27 subjects, including 13 patients and 
14 family members), followed by DSP in 9% (three subjects, 
including two patients and one family member) and DSC2 in 
9% (three subjects, including one patient and two family mem-
bers) (Table 2) [12-26].

The discovered genetic variants in our study were deemed 
pathogenic in seven probands, likely pathogenic in four, and 
of uncertain significance in three and novel (it has not been 
reported in the literature before) in two (Table 2).

None of our family members with positive genetic testing 
have had a definitive ARVC diagnosis.

Discussion

In this study, we observed ARVC occurrence in a young age 
with male predominance. ARVC affects males more than fe-
males. About two-thirds of our patients were males. Male gen-
der predominance in ARVC with male to female ratio of 3:1 
has been reported previously [27, 28].

ARVC generally affects young patients with a mean age 
of 30 years, whereas it rarely manifests before the age of 12 or 
after the age of 60 years [6, 28-31]. However, a higher mean 
age in the late 30s to 40s years has been noted in another study 
[32].

Most of our patients presented with palpitations, and VT 
was a common presenting event. Previous studies have shown 
that individuals with ARVC present with palpitations (67%), 
syncope (32%), atypical chest pain (27%), or RV failure (6%). 
However, some patients are asymptomatic (6%) [32].

ARCV is a leading cause of SCD, accounting for 11-22% 
of cases of SCD in the young athlete patient population [33, 
34]. Thirteen percent of our patients were survivors of cardiac 
arrest.

Regarding diagnostic workup, all our patients were diag-
nosed based on non-invasive tests, including ECG, echocar-
diogram, cardiac MRI, and family history.

ECG is an essential diagnostic test for the ARVC diagno-
sis. The presence of epsilon waves (described as post-excita-
tion potentials of small amplitude that occur at the end of the 
QRS complex) in V1-3 is a major ARVC diagnostic criterion 
noted in about 30% of ARVC cases [35].

ECG repolarization abnormities with T wave inversion in 
V1-3 or beyond in individuals > 14 years of age in the absence 
of complete right bundle-branch block is another major ARVC 
diagnostic criterion seen in 55% to 94% in different ARVC 
series [35-37]. ECG repolarization was also frequent in our 
patients.

The echocardiogram is a beneficial, non-invasive diagnos-
tic test to assess structural changes in ARVC [38-40]. Echocar-
diogram changes meeting major diagnostic criteria present in 
39% of our patients.

Cardiac MRI has the advantage of assessing the RV (and 
LV) function, size, global or regional wall motion abnormali-
ties, and quantifying of myocardial wall thinning and hypertro-
phy [41, 42]. Cardiac MRI was performed in about half of our 
patients, showing changes compatible with major diagnostic 
criteria in about half of them. Ta
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Biventricular involvement with LV fibrofatty replacement 
and involvement have been found in as much as in 70% of the 
cases of ARVC [1, 43]. It is usually age-dependent and associ-
ated with more severe cardiomegaly, arrhythmogenic events, 
inflammatory infiltrates, and heart failure [1, 43]. LV involve-
ment with LVEF < 40% was present in 13.6% of our patients. 
A coronary angiogram or cardiac computed tomography (CT) 
was used to rule out coronary artery disease in patients with 
impaired LVEF. Patients with typical dilated cardiomyopathy 
or other cardiomyopathies changes by cardiac MRI were ex-
cluded.

Patients with ARVC have a high burden of arrhythmia. 
ICD therapy is the most effective preventive measure for SCD 
[7]. Of our patients, 73.9% underwent ICD implantation. Over 
half of our patients received appropriate ICD therapy for sus-
tained VAs during follow-up. About one-third of our patients 
underwent electrophysiology studies and PVCs/VT ablations. 
Furthermore, 77.3% of the patients were on antiarrhythmic 
medications. The Heart Rhythm Society (HRS) 2019 expert 
consensus statement on arrhythmogenic cardiomyopathy 
(ACM) provides a class IIb recommendation for amiodarone 
and sotalol in individuals with ACM to control arrhythmic 
symptoms or reduce ICD shocks. In the absence of other an-
tiarrhythmic drugs, flecainide with beta-blockers receives a 
class IIb recommendation in individuals with ARVC and ICD 
and preserved LV and RV function to control refractory VAs to 
other therapies [44].

Genetic evaluation

ARVC has been documented in families since the early 1980s. 
In 1985, three out of five siblings in one family were diag-
nosed with ARVC, and it was postulated that ARVC has an au-
tosomal dominant inheritance with an incomplete penetrance 
pattern [45]. We have a low rate of first-degree family mem-
bers screening. Genetic discrimination, i.e., adverse treatment 
based solely on the genotype or family history of individuals 
without disease symptoms or the stigma of having a chronic 
illness in the family, appears to be responsible for the lack of 
interest in having ARVC screening in the ARVC family mem-
bers. Another interesting observation is the absence of clinical 
ARVC disease in positive family members so far. The clini-
cal picture and natural history of familial ARVC have been 
reported in 37 ARVC families. Of the 365 subjects enrolled 
in this study, 151 (41%) were affected, 157 (43%) were un-
affected, 17 (5%) were healthy carriers, and 40 (11%) were 
uncertain [46].

The first ARVC diagnostic criterion published in 1994 in-
cluded familial disease confirmed at necropsy or surgery as a 
major criterion [47]. A familial history of premature sudden 
death (< 35 years of age) due to suspected ARVC or a famil-
ial history based on clinically diagnosed disease is included as 
minor criteria [47]. Furthermore, the 2010 ARVC Task Force 
included the identification of a pathogenic variant categorized 
as associated or probably associated with ARVC as a major 
diagnostic criterion [11].

In 1998, linkage analysis in nine families with Naxos dis-
ease found a single mutant gene mapped to 17q21 (homozygous 

genotype) [48]. Two years later, a homozygous deletion variant 
in JUP was identified in 19 patients with Naxos disease [8].

Subsequently, other desmosome genes were identified as 
a cause of ARVC. DSP was confirmed as a causative gene in 
2002 [49], PKP2 in 2004 [12], and DSG2 and DSC2 variants 
were reported in 2006 [13, 50].

ARVC may occur due to non-desmosome genes, includ-
ing transforming growth factor-β3 (TGFB3) [51], the cardiac 
ryanodine receptor RYR2 [52], TTN [53], TMEM43 [54], and 
DES [55]. Additional ARVC genes are identified using candi-
date gene sequence approaches instead of linkage analysis [56].

The PKP2 gene is responsible for about 70% of all ARVC 
variants in previous studies [7, 12]. We have similar PKP2 
gene predominance in Saudi patients.

Strengths and limitations of this study

To our knowledge, this is the first study describing long-term 
follow-up with a concentration on the genetics of ARVC in 
Saudi Arabia. The main limitation of this study is the small 
number of subjects, but ARVC is a rare disease. The other 
limitation is the retrospective nature of the study. It is also a 
single-center study; however, we are a tertiary care hospital 
with referrals from the kingdom.

Conclusions

ARVC occurs during early adulthood in Saudi patients. It is 
associated with a significant arrhythmia burden. ARVC is fa-
milial and genetic testing is essential in all cases. The PKP2 
gene is the most common gene defect in Saudi patients, con-
sistent with what is observed in other nations. We reported in 
this study two novel variants in PKP2 and DSC2 genes. Ge-
netic counseling is needed to include all first-degree family 
members for early diagnosis and management of the disease 
in our country.

Acknowledgments

None to declare.

Financial Disclosure

None to declare.

Conflict of Interest

The authors declared no conflict of interest for all authors.

Informed Consent

Consent was waived by REC as the study is retrospective.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org384

ARVC in Saudi Arabia Cardiol Res. 2023;14(5):379-386

Author Contributions

Bandar Saeed Al-Ghamdi: conception or design of the work, 
drafting of the manuscript, and final approval of the version to 
be published; Faten Alhadeq, Aisha Alqahtani, and Monther 
Rababh: data collection; Nadiah Alruwaili: data collection, 
data analysis, and interpretation; Sara Alghamdi: data analysis 
and interpretation; Waleed Almanea: final approval of the ver-
sion to be published; Zuhair Alhassnan: conception or design 
of the work, critical revision of the article, and final approval 
of the version to be published.

Data Availability

The authors declare that data supporting the findings of this 
study are available within the article.

Abbreviations

ARVC: arrhythmogenic right ventricular cardiomyopathy; 
ARVD: arrhythmogenic right ventricular dysplasia; DES: 
desmin; DSC2: desmocollin 2; DSG2: desmoglein 2; DSP: 
desmoplakin; EF: ejection fraction; ICD: implantable car-
dioverter-defibrillator; JUP: plakoglobin; LV: left ventricle/
ventricular; MRI: magnetic resonance imaging; PKP2: plako-
philin 2; PVCs: premature ventricular complexes; RV: right 
ventricle; SCD: sudden cardiac death; TTN: titin; TMEM43: 
transmembrane protein 43; VAs: ventricular arrhythmias; VT: 
ventricular tachycardia

References

1. Corrado D, Basso C, Thiene G, McKenna WJ, Davies 
MJ, Fontaliran F, Nava A, et al. Spectrum of clinicopatho-
logic manifestations of arrhythmogenic right ventricular 
cardiomyopathy/dysplasia: a multicenter study. J Am 
Coll Cardiol. 1997;30(6):1512-1520. doi pubmed

2. Groeneweg JA, van der Zwaag PA, Jongbloed JD, Cox 
MG, Vreeker A, de Boer RA, van der Heijden JF, et al. 
Left-dominant arrhythmogenic cardiomyopathy in a large 
family: associated desmosomal or nondesmosomal geno-
type? Heart Rhythm. 2013;10(4):548-559. doi pubmed

3. McRae AT, 3rd, Chung MK, Asher CR. Arrhythmogenic 
right ventricular cardiomyopathy: a cause of sudden death 
in young people. Cleve Clin J Med. 2001;68(5):459-467. 
doi pubmed

4. Ackerman MJ, Priori SG, Willems S, Berul C, Brugada R, 
Calkins H, Camm AJ, et al. HRS/EHRA expert consensus 
statement on the state of genetic testing for the channelo-
pathies and cardiomyopathies: this document was devel-
oped as a partnership between the Heart Rhythm Soci-
ety (HRS) and the European Heart Rhythm Association 
(EHRA). Europace. 2011;13(8):1077-1109. doi pubmed

5. Delmar M, McKenna WJ. The cardiac desmosome and 
arrhythmogenic cardiomyopathies: from gene to disease. 

Circ Res. 2010;107(6):700-714. doi pubmed
6. Lazzarini E, Jongbloed JD, Pilichou K, Thiene G, Basso 

C, Bikker H, Charbon B, et al. The ARVD/C genetic vari-
ants database: 2014 update. Hum Mutat. 2015;36(4):403-
410. doi pubmed

7. Groeneweg JA, Bhonsale A, James CA, te Riele AS, 
Dooijes D, Tichnell C, Murray B, et al. Clinical presen-
tation, long-term follow-up, and outcomes of 1001 ar-
rhythmogenic right ventricular dysplasia/cardiomyopa-
thy patients and family members. Circ Cardiovasc Genet. 
2015;8(3):437-446. doi pubmed

8. McKoy G, Protonotarios N, Crosby A, Tsatsopoulou 
A, Anastasakis A, Coonar A, Norman M, et al. Identi-
fication of a deletion in plakoglobin in arrhythmogenic 
right ventricular cardiomyopathy with palmoplantar 
keratoderma and woolly hair (Naxos disease). Lancet. 
2000;355(9221):2119-2124. doi pubmed

9. Norgett EE, Hatsell SJ, Carvajal-Huerta L, Cabezas JC, 
Common J, Purkis PE, Whittock N, et al. Recessive mu-
tation in desmoplakin disrupts desmoplakin-intermediate 
filament interactions and causes dilated cardiomyo-
pathy, woolly hair and keratoderma. Hum Mol Genet. 
2000;9(18):2761-2766. doi pubmed

10. Al-Ghamdi B, Shafquat A, Mallawi Y. Arrhythmogenic 
right ventricular cardiomyopathy/dysplasia in Saudi Ara-
bia: a single-center experience with long-term follow-up. 
Ann Saudi Med. 2014;34(5):415-426. doi pubmed pmc

11. Marcus FI, McKenna WJ, Sherrill D, Basso C, Bauce B, 
Bluemke DA, Calkins H, et al. Diagnosis of arrhythmo-
genic right ventricular cardiomyopathy/dysplasia: pro-
posed modification of the Task Force Criteria. Eur 
Heart J. 2010;31(7):806-814. doi pubmed pmc

12. Gerull B, Heuser A, Wichter T, Paul M, Basson CT, Mc-
Dermott DA, Lerman BB, et al. Mutations in the desmo-
somal protein plakophilin-2 are common in arrhythmo-
genic right ventricular cardiomyopathy. Nat Genet. 
2004;36(11):1162-1164. doi pubmed

13. Syrris P, Ward D, Evans A, Asimaki A, Gandjbakhch 
E, Sen-Chowdhry S, McKenna WJ. Arrhythmogenic 
right ventricular dysplasia/cardiomyopathy associated 
with mutations in the desmosomal gene desmocollin-2. 
Am J Hum Genet. 2006;79(5):978-984. doi pubmed pmc

14. Stenson PD, Mort M, Ball EV, Shaw K, Phillips A, Coop-
er DN. The Human Gene Mutation Database: building 
a comprehensive mutation repository for clinical and 
molecular genetics, diagnostic testing and personalized 
genomic medicine. Hum Genet. 2014;133(1):1-9. doi 
pubmed pmc

15. Fressart V, Duthoit G, Donal E, Probst V, Deharo JC, 
Chevalier P, Klug D, et al. Desmosomal gene analysis in 
arrhythmogenic right ventricular dysplasia/cardiomyopa-
thy: spectrum of mutations and clinical impact in prac-
tice. Europace. 2010;12(6):861-868. doi pubmed

16. Walsh R, Thomson KL, Ware JS, Funke BH, Woodley 
J, McGuire KJ, Mazzarotto F, et al. Reassessment of 
Mendelian gene pathogenicity using 7,855 cardiomyo-
pathy cases and 60,706 reference samples. Genet Med. 
2017;19(2):192-203. doi pubmed pmc

17. Rigato I, Bauce B, Rampazzo A, Zorzi A, Pilichou K, 

https://www.doi.org/10.1016/s0735-1097(97)00332-x
http://www.ncbi.nlm.nih.gov/pubmed/9362410
https://www.doi.org/10.1016/j.hrthm.2012.12.020
http://www.ncbi.nlm.nih.gov/pubmed/23270881
https://www.doi.org/10.3949/ccjm.68.5.459
https://www.doi.org/10.3949/ccjm.68.5.459
http://www.ncbi.nlm.nih.gov/pubmed/11352326
https://www.doi.org/10.1093/europace/eur245
http://www.ncbi.nlm.nih.gov/pubmed/21810866
https://www.doi.org/10.1161/CIRCRESAHA.110.223412
http://www.ncbi.nlm.nih.gov/pubmed/20847325
https://www.doi.org/10.1002/humu.22765
http://www.ncbi.nlm.nih.gov/pubmed/25676813
https://www.doi.org/10.1161/CIRCGENETICS.114.001003
http://www.ncbi.nlm.nih.gov/pubmed/25820315
https://www.doi.org/10.1016/S0140-6736(00)02379-5
http://www.ncbi.nlm.nih.gov/pubmed/10902626
https://www.doi.org/10.1093/hmg/9.18.2761
http://www.ncbi.nlm.nih.gov/pubmed/11063735
https://www.doi.org/10.5144/0256-4947.2014.415
http://www.ncbi.nlm.nih.gov/pubmed/25827699
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6074561
https://www.doi.org/10.1093/eurheartj/ehq025
http://www.ncbi.nlm.nih.gov/pubmed/20172912
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2848326
https://www.doi.org/10.1038/ng1461
http://www.ncbi.nlm.nih.gov/pubmed/15489853
https://www.doi.org/10.1086/509122
http://www.ncbi.nlm.nih.gov/pubmed/17033975
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1698574
https://www.doi.org/10.1007/s00439-013-1358-4
http://www.ncbi.nlm.nih.gov/pubmed/24077912
http://www.ncbi.nlm.nih.gov/pubmed/24077912
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3898141
https://www.doi.org/10.1093/europace/euq104
http://www.ncbi.nlm.nih.gov/pubmed/20400443
https://www.doi.org/10.1038/gim.2016.90
http://www.ncbi.nlm.nih.gov/pubmed/27532257
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5116235


Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org 385

Al-Ghamdi et al Cardiol Res. 2023;14(5):379-386

Mazzotti E, Migliore F, et al. Compound and digenic 
heterozygosity predicts lifetime arrhythmic outcome 
and sudden cardiac death in desmosomal gene-related 
arrhythmogenic right ventricular cardiomyopathy. Circ 
Cardiovasc Genet. 2013;6(6):533-542. doi pubmed

18. van der Zwaag PA, Jongbloed JD, van den Berg MP, 
van der Smagt JJ, Jongbloed R, Bikker H, Hofstra RM, 
et al. A genetic variants database for arrhythmogenic 
right ventricular dysplasia/cardiomyopathy. Hum Mutat. 
2009;30(9):1278-1283. doi pubmed

19. van Tintelen JP, Entius MM, Bhuiyan ZA, Jongbloed R, 
Wiesfeld AC, Wilde AA, van der Smagt J, et al. Plako-
philin-2 mutations are the major determinant of familial 
arrhythmogenic right ventricular dysplasia/cardiomyopa-
thy. Circulation. 2006;113(13):1650-1658. doi pubmed

20. Dalal D, Molin LH, Piccini J, Tichnell C, James C, Bom-
ma C, Prakasa K, et al. Clinical features of arrhythmo-
genic right ventricular dysplasia/cardiomyopathy as-
sociated with mutations in plakophilin-2. Circulation. 
2006;113(13):1641-1649. doi pubmed

21. Lek M, Karczewski KJ, Minikel EV, Samocha KE, Banks 
E, Fennell T, O'Donnell-Luria AH, et al. Analysis of pro-
tein-coding genetic variation in 60,706 humans. Nature. 
2016;536(7616):285-291. doi pubmed pmc

22. Davies G, Armstrong N, Bis JC, Bressler J, Chouraki 
V, Giddaluru S, Hofer E, et al. Genetic contributions to 
variation in general cognitive function: a meta-analysis 
of genome-wide association studies in the CHARGE 
consortium (N=53949). Mol Psychiatry. 2015;20(2):183-
192. doi pubmed pmc

23. Pigors M, Schwieger-Briel A, Cosgarea R, Diaconeasa A, 
Bruckner-Tuderman L, Fleck T, Has C. Desmoplakin mu-
tations with palmoplantar keratoderma, woolly hair and 
cardiomyopathy. Acta Derm Venereol. 2015;95(3):337-
340. doi pubmed

24. National Center for Biotechnology Information. ClinVar 
[VCV000088762.10]. https://www.ncbi.nlm.nih.gov/
clinvar/variation/VCV000088762.10 (accessed Sept. 17, 
2022).

25. Basso C, Czarnowska E, Della Barbera M, Bauce B, Beff-
agna G, Wlodarska EK, Pilichou K, et al. Ultrastructural 
evidence of intercalated disc remodelling in arrhythmo-
genic right ventricular cardiomyopathy: an electron mi-
croscopy investigation on endomyocardial biopsies. Eur 
Heart J. 2006;27(15):1847-1854. doi pubmed

26. Bauce B, Rampazzo A, Basso C, Mazzotti E, Rigato I, 
Steriotis A, Beffagna G, et al. Clinical phenotype and di-
agnosis of arrhythmogenic right ventricular cardiomyo-
pathy in pediatric patients carrying desmosomal gene 
mutations. Heart Rhythm. 2011;8(11):1686-1695. doi 
pubmed pmc

27. Azaouagh A, Churzidse S, Konorza T, Erbel R. Arrhythmo-
genic right ventricular cardiomyopathy/dysplasia: a re-
view and update. Clin Res Cardiol. 2011;100(5):383-394. 
doi pubmed

28. Bauce B, Frigo G, Marcus FI, Basso C, Rampazzo A, 
Maddalena F, Corrado D, et al. Comparison of clinical fea-
tures of arrhythmogenic right ventricular cardiomyopathy 
in men versus women. Am J Cardiol. 2008;102(9):1252-

1257. doi pubmed
29. Lin CY, Chung FP, Lin YJ, Chang SL, Lo LW, Hu YF, Tuan 

TC, et al. Gender differences in patients with arrhythmo-
genic right ventricular dysplasia/cardiomyopathy: Clini-
cal manifestations, electrophysiological properties, sub-
strate characteristics, and prognosis of radiofrequency 
catheter ablation. Int J Cardiol. 2017;227:930-937. doi 
pubmed

30. Dalal D, Nasir K, Bomma C, Prakasa K, Tandri H, Pic-
cini J, Roguin A, et al. Arrhythmogenic right ventricu-
lar dysplasia: a United States experience. Circulation. 
2005;112(25):3823-3832. doi pubmed

31. Corrado D, Fontaine G, Marcus FI, McKenna WJ, Nava 
A, Thiene G, Wichter T. Arrhythmogenic right ventricular 
dysplasia/cardiomyopathy: need for an international reg-
istry. Study Group on Arrhythmogenic Right Ventricular 
Dysplasia/Cardiomyopathy of the Working Groups on 
Myocardial and Pericardial Disease and Arrhythmias of 
the European Society of Cardiology and of the Scientific 
Council on Cardiomyopathies of the World Heart Federa-
tion. Circulation. 2000;101(11):E101-106. doi pubmed

32. Ohno S, Nagaoka I, Fukuyama M, Kimura H, Itoh H, 
Makiyama T, Shimizu A, et al. Age-dependent clinical 
and genetic characteristics in Japanese patients with ar-
rhythmogenic right ventricular cardiomyopathy/dyspla-
sia. Circ J. 2013;77(6):1534-1542. doi pubmed

33. Thiene G, Nava A, Corrado D, Rossi L, Pennelli N. Right 
ventricular cardiomyopathy and sudden death in young 
people. N Engl J Med. 1988;318(3):129-133. doi pubmed

34. Mazic S, Lazovic B, Delic M. [Arrhythmogenic right 
ventricular cardiomyopathy as a cause of sudden death in 
young people—literature review]. Med Pregl. 2012;65(9-
10):396-404. doi pubmed

35. Nasir K, Bomma C, Tandri H, Roguin A, Dalal D, Praka-
sa K, Tichnell C, et al. Electrocardiographic features of 
arrhythmogenic right ventricular dysplasia/cardiomyopa-
thy according to disease severity: a need to broaden diag-
nostic criteria. Circulation. 2004;110(12):1527-1534. doi 
pubmed

36. Fontaine G, Umemura J, Di Donna P, Tsezana R, Can-
nat JJ, Frank R. [Duration of QRS complexes in ar-
rhythmogenic right ventricular dysplasia. A new non-in-
vasive diagnostic marker]. Ann Cardiol Angeiol (Paris). 
1993;42(8):399-405. pubmed

37. Peters S, Trummel M. Diagnosis of arrhythmogenic right 
ventricular dysplasia-cardiomyopathy: value of stand-
ard ECG revisited. Ann Noninvasive Electrocardiol. 
2003;8(3):238-245. doi pubmed pmc

38. Lindstrom L, Wilkenshoff UM, Larsson H, Wranne B. 
Echocardiographic assessment of arrhythmogenic right 
ventricular cardiomyopathy. Heart. 2001;86(1):31-38. 
doi pubmed pmc

39. Yoerger DM, Marcus F, Sherrill D, Calkins H, Towbin 
JA, Zareba W, Picard MH, et al. Echocardiographic find-
ings in patients meeting task force criteria for arrhythmo-
genic right ventricular dysplasia: new insights from the 
multidisciplinary study of right ventricular dysplasia. 
J Am Coll Cardiol. 2005;45(6):860-865. doi pubmed

40. Boczar KE, Alqarawi W, Green MS, Redpath C, Bur-

https://www.doi.org/10.1161/CIRCGENETICS.113.000288
http://www.ncbi.nlm.nih.gov/pubmed/24070718
https://www.doi.org/10.1002/humu.21064
http://www.ncbi.nlm.nih.gov/pubmed/19569224
https://www.doi.org/10.1161/CIRCULATIONAHA.105.609719
http://www.ncbi.nlm.nih.gov/pubmed/16567567
https://www.doi.org/10.1161/CIRCULATIONAHA.105.568642
http://www.ncbi.nlm.nih.gov/pubmed/16549640
https://www.doi.org/10.1038/nature19057
http://www.ncbi.nlm.nih.gov/pubmed/27535533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5018207
https://www.doi.org/10.1038/mp.2014.188
http://www.ncbi.nlm.nih.gov/pubmed/25644384
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356746
https://www.doi.org/10.2340/00015555-1974
http://www.ncbi.nlm.nih.gov/pubmed/25227139
https://www.doi.org/10.1093/eurheartj/ehl095
http://www.ncbi.nlm.nih.gov/pubmed/16774985
https://www.doi.org/10.1016/j.hrthm.2011.06.026
http://www.ncbi.nlm.nih.gov/pubmed/21723241
http://www.ncbi.nlm.nih.gov/pubmed/21723241
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3205183
https://www.doi.org/10.1007/s00392-011-0295-2
https://www.doi.org/10.1007/s00392-011-0295-2
http://www.ncbi.nlm.nih.gov/pubmed/21360243
https://www.doi.org/10.1016/j.amjcard.2008.06.054
http://www.ncbi.nlm.nih.gov/pubmed/18940302
https://www.doi.org/10.1016/j.ijcard.2016.11.055
http://www.ncbi.nlm.nih.gov/pubmed/27932238
http://www.ncbi.nlm.nih.gov/pubmed/27932238
https://www.doi.org/10.1161/CIRCULATIONAHA.105.542266
http://www.ncbi.nlm.nih.gov/pubmed/16344387
https://www.doi.org/10.1161/01.cir.101.11.e101
http://www.ncbi.nlm.nih.gov/pubmed/10725299
https://www.doi.org/10.1253/circj.cj-12-1446
http://www.ncbi.nlm.nih.gov/pubmed/23514727
https://www.doi.org/10.1056/NEJM198801213180301
http://www.ncbi.nlm.nih.gov/pubmed/3336399
https://www.doi.org/10.2298/mpns1210396m
http://www.ncbi.nlm.nih.gov/pubmed/23214333
https://www.doi.org/10.1161/01.CIR.0000142293.60725.18
http://www.ncbi.nlm.nih.gov/pubmed/15381658
http://www.ncbi.nlm.nih.gov/pubmed/15381658
http://www.ncbi.nlm.nih.gov/pubmed/8122846
https://www.doi.org/10.1046/j.1542-474x.2003.08312.x
http://www.ncbi.nlm.nih.gov/pubmed/14510660
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6932146
https://www.doi.org/10.1136/heart.86.1.31
https://www.doi.org/10.1136/heart.86.1.31
http://www.ncbi.nlm.nih.gov/pubmed/11410558
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1729817
https://www.doi.org/10.1016/j.jacc.2004.10.070
http://www.ncbi.nlm.nih.gov/pubmed/15766820


Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org386

ARVC in Saudi Arabia Cardiol Res. 2023;14(5):379-386

wash IG, Dwivedi G. The echocardiographic assessment 
of the right ventricle in patients with arrhythmogenic 
right ventricular cardiomyopathy/dysplasia compared 
with athletes and matched controls. Echocardiography. 
2019;36(4):666-670. doi pubmed

41. Tandri H, Calkins H, Nasir K, Bomma C, Castillo E, 
Rutberg J, Tichnell C, et al. Magnetic resonance imag-
ing findings in patients meeting task force criteria for ar-
rhythmogenic right ventricular dysplasia. J Cardiovasc 
Electrophysiol. 2003;14(5):476-482. doi pubmed

42. Jain A, Tandri H, Calkins H, Bluemke DA. Role of cardi-
ovascular magnetic resonance imaging in arrhythmogen-
ic right ventricular dysplasia. J Cardiovasc Magn Reson. 
2008;10(1):32. doi pubmed pmc

43. Pinamonti B, Sinagra G, Salvi A, Di Lenarda A, Morgera 
T, Silvestri F, Bussani R, et al. Left ventricular in-
volvement in right ventricular dysplasia. Am Heart J. 
1992;123(3):711-724. doi pubmed

44. Towbin JA, McKenna WJ, Abrams DJ, Ackerman MJ, 
Calkins H, Darrieux FCC, Daubert JP, et al. 2019 HRS 
expert consensus statement on evaluation, risk stratifica-
tion, and management of arrhythmogenic cardiomyopa-
thy. Heart Rhythm. 2019;16(11):e301-e372. doi pubmed

45. Ruder MA, Winston SA, Davis JC, Abbott JA, Eldar M, 
Scheinman MM. Arrhythmogenic right ventricular dys-
plasia in a family. Am J Cardiol. 1985;56(12):799-800. 
doi pubmed

46. Nava A, Bauce B, Basso C, Muriago M, Rampazzo A, 
Villanova C, Daliento L, et al. Clinical profile and long-
term follow-up of 37 families with arrhythmogenic 
right ventricular cardiomyopathy. J Am Coll Cardiol. 
2000;36(7):2226-2233. doi pubmed

47. McKenna WJ, Thiene G, Nava A, Fontaliran F, Blom-
strom-Lundqvist C, Fontaine G, Camerini F. Diagnosis of 
arrhythmogenic right ventricular dysplasia/cardiomyopa-
thy. Task force of the working group myocardial and peri-
cardial disease of the european society of cardiology and 
of the scientific council on cardiomyopathies of the inter-
national society and federation of cardiology. Br Heart J. 
1994;71(3):215-218. doi pubmed pmc

48. Coonar AS, Protonotarios N, Tsatsopoulou A, Needham 
EW, Houlston RS, Cliff S, Otter MI, et al. Gene for ar-
rhythmogenic right ventricular cardiomyopathy with 

diffuse nonepidermolytic palmoplantar keratoderma and 
woolly hair (Naxos disease) maps to 17q21. Circulation. 
1998;97(20):2049-2058. doi pubmed

49. Rampazzo A, Nava A, Malacrida S, Beffagna G, Bauce 
B, Rossi V, Zimbello R, et al. Mutation in human desmo-
plakin domain binding to plakoglobin causes a dominant 
form of arrhythmogenic right ventricular cardiomyopa-
thy. Am J Hum Genet. 2002;71(5):1200-1206. doi pub-
med pmc

50. Pilichou K, Nava A, Basso C, Beffagna G, Bauce B, Lor-
enzon A, Frigo G, et al. Mutations in desmoglein-2 gene 
are associated with arrhythmogenic right ventricular car-
diomyopathy. Circulation. 2006;113(9):1171-1179. doi 
pubmed

51. Beffagna G, Occhi G, Nava A, Vitiello L, Ditadi A, 
Basso C, Bauce B, et al. Regulatory mutations in trans-
forming growth factor-beta3 gene cause arrhythmogenic 
right ventricular cardiomyopathy type 1. Cardiovasc Res. 
2005;65(2):366-373. doi pubmed

52. Tiso N, Stephan DA, Nava A, Bagattin A, Devaney JM, 
Stanchi F, Larderet G, et al. Identification of mutations in 
the cardiac ryanodine receptor gene in families affected 
with arrhythmogenic right ventricular cardiomyopathy 
type 2 (ARVD2). Hum Mol Genet. 2001;10(3):189-194. 
doi pubmed

53. Taylor M, Graw S, Sinagra G, Barnes C, Slavov D, Brun F, 
Pinamonti B, et al. Genetic variation in titin in arrhythmo-
genic right ventricular cardiomyopathy-overlap syndromes. 
Circulation. 2011;124(8):876-885. doi pubmed pmc

54. Merner ND, Hodgkinson KA, Haywood AF, Connors 
S, French VM, Drenckhahn JD, Kupprion C, et al. Ar-
rhythmogenic right ventricular cardiomyopathy type 5 
is a fully penetrant, lethal arrhythmic disorder caused by 
a missense mutation in the TMEM43 gene. Am J Hum 
Genet. 2008;82(4):809-821. doi pubmed pmc

55. Klauke B, Kossmann S, Gaertner A, Brand K, Stork I, 
Brodehl A, Dieding M, et al. De novo desmin-mutation 
N116S is associated with arrhythmogenic right ventricu-
lar cardiomyopathy. Hum Mol Genet. 2010;19(23):4595-
4607. doi pubmed

56. Ohno S. The genetic background of arrhythmogenic right 
ventricular cardiomyopathy. J Arrhythm. 2016;32(5):398-
403. doi pubmed pmc

https://www.doi.org/10.1111/echo.14308
http://www.ncbi.nlm.nih.gov/pubmed/30883925
https://www.doi.org/10.1046/j.1540-8167.2003.02560.x
http://www.ncbi.nlm.nih.gov/pubmed/12776863
https://www.doi.org/10.1186/1532-429X-10-32
http://www.ncbi.nlm.nih.gov/pubmed/18570661
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2483704
https://www.doi.org/10.1016/0002-8703(92)90511-s
http://www.ncbi.nlm.nih.gov/pubmed/1539522
https://www.doi.org/10.1016/j.hrthm.2019.05.007
http://www.ncbi.nlm.nih.gov/pubmed/31078652
https://www.doi.org/10.1016/0002-9149(85)91144-0
https://www.doi.org/10.1016/0002-9149(85)91144-0
http://www.ncbi.nlm.nih.gov/pubmed/4061306
https://www.doi.org/10.1016/s0735-1097(00)00997-9
http://www.ncbi.nlm.nih.gov/pubmed/11127465
https://www.doi.org/10.1136/hrt.71.3.215
http://www.ncbi.nlm.nih.gov/pubmed/8142187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC483655
https://www.doi.org/10.1161/01.cir.97.20.2049
http://www.ncbi.nlm.nih.gov/pubmed/9610536
https://www.doi.org/10.1086/344208
http://www.ncbi.nlm.nih.gov/pubmed/12373648
http://www.ncbi.nlm.nih.gov/pubmed/12373648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC385098
https://www.doi.org/10.1161/CIRCULATIONAHA.105.583674
http://www.ncbi.nlm.nih.gov/pubmed/16505173
http://www.ncbi.nlm.nih.gov/pubmed/16505173
https://www.doi.org/10.1016/j.cardiores.2004.10.005
http://www.ncbi.nlm.nih.gov/pubmed/15639475
https://www.doi.org/10.1093/hmg/10.3.189
https://www.doi.org/10.1093/hmg/10.3.189
http://www.ncbi.nlm.nih.gov/pubmed/11159936
https://www.doi.org/10.1161/CIRCULATIONAHA.110.005405
http://www.ncbi.nlm.nih.gov/pubmed/21810661
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3167235
https://www.doi.org/10.1016/j.ajhg.2008.01.010
http://www.ncbi.nlm.nih.gov/pubmed/18313022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2427209
https://www.doi.org/10.1093/hmg/ddq387
http://www.ncbi.nlm.nih.gov/pubmed/20829228
https://www.doi.org/10.1016/j.joa.2016.01.006
http://www.ncbi.nlm.nih.gov/pubmed/27761164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5063271

