
A rrhythmogenic right ventricular cardiomyopathy 
(ARVC) is an inherited myocardial disease char-

acterized by fibrofatty degeneration and aneurysmal 
enlargement of the right ventricle (RV).  This condition 
is associated with exercise-mediated ventricular tachy-
cardia and is one of the recognized causes of sudden 
cardiac death.  Sudden cardiac arrest (CA) is one of the 
major causes of death worldwide.  The diagnosis and 
prevention of CAs is a major challenge.  Bystander-
witnessed CA accounts for an estimated 19,000 cases in 
Japan.  The reported 1-month survival rate of sudden 
CA is 12.2%,  and the survival rate without neurological 
sequelae is 7.9% [1].  ARVC is estimated to have a prev-
alence of 1 in 5,000 people and to account for up to 20% 

of sudden cardiac deaths in the population of individu-
als < 35 years of age [2].  ARVC was first reported over 
30 years ago,  but despite its clinical importance as a 
cause of sudden death,  it is still under-recognized.  This 
report describes the case of a middle-aged man who 
recovered from a CA without neurological sequelae and 
was diagnosed with ARVC.

Case Report

A 61-year-old Japanese man presented with palpita-
tions and edema of the lower limbs.  The electrocardio-
gram (ECG) showed rhythms suggestive of atrial fibril-
lation,  and echocardiography revealed severe mitral 
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Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a genetically mediated cardiomyopathy charac-
terized by progressive myocardial loss of the right ventricle and its replacement by fibrofatty tissue, causing 
dyskinesia, aneurysm, and/or arrhythmia.  The prevalence of ARVC is estimated to be 1 in 2,000-5,000, with the 
condition accounting for up to 20% of sudden cardiac deaths in individuals < 35 years old.  This report describes 
the case of 61-year-old Japanese who was diagnosed with ARVC after cardiac arrest (CA) and successful resusci-
tation.  After the sudden CA, the restoration of spontaneous circulation was achieved with appropriate resusci-
tation, followed by the introduction of target temperature management in the intensive care unit.  He was diag-
nosed with ARVC based on angiography and histology results.  An ICD (implantable cardioverter-defibrillator) 
was implanted, and he was discharged without neurological sequelae 1 month post-CA.  ARVC is an important 
cause of sudden CA, and successfully resuscitated patients with right ventricular dilation should undergo testing 
to rule out ARVC.
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regurgitation and a left ventricular ejection fraction 
(LVEF) of 16%.  The right atrium (RA) and right ventri-
cle (RV) were also dilated without aneurysmal change,  
i.e.,  the RV outflow tract (prox.) was 39 mm,  the basal 
RV diameter was 39 mm,  and the mid-RV diameter 
was 44 mm.  The patient underwent ablation therapy 
and was administered amiodarone 200 mg daily.  The 
dose of amiodarone was gradually reduced to 100 mg 
after 14 months and was stopped after 20 months.  The 
LVEF gradually improved to 48%.

Six months after the cessation of amiodarone,  the 
patient suddenly experienced a CA while playing golf 
outdoors.  Basic life support was immediately per-
formed by a bystander,  and an automated external 
defibrillator (AED) was applied.  The AED monitor 
showed a wide QRS wave and “R on T” followed by VT,  
and subsequently AED was performed twice.  
Restoration of spontaneous circulation (ROSC) was 
achieved upon the patient’s admission to the hospital,  
and the ECG findings indicated an incomplete right 
bundle branch block (RBBB),  first-degree AV block,  
and inverted T-waves in leads V4-V6 (Fig. 1).

A two-dimensional echocardiography (2D-echo) 
examination was performed and revealed dilation of the 
RV and diffuse hypokinesis of the left ventricle (LV) 
wall; the LVEF was 45%,  and both atria were dilated.  
No significant regurgitation was observed,  and the tri-
cuspid regurgitation pressure gradient (TR-PG) was 15 
mmHg (Fig. 2).

The results of coronary angiography were normal,  
and RV angiography showed ventricular dilatation and 
regional dyskinesia (Fig. 3).  In electrophysiology stud-
ies,  VTs were reproducibly induced by a program of 
stimulation of the RV apex or the outflow tract.  When 
pilsicainide was administered,  Brugada syndrome,  QT 
prolongation syndrome,  and catecholaminergic poly-
morphic ventricular tachycardia were absent.  Cardiac 
magnetic resonance imaging (MRI) demonstrated typi-
cal dilation of the right atrium and ventricle.  The ven-
tricular wall was isointense on T1-weighted MRI and 
hyperintense on T2-weighted MRI.  There was no evi-
dence of late gadolinium enhancement.  As these results 
suggested that the patient had ARVC,  a right anterior 
myocardial biopsy was performed,  and it revealed that 
ventricular myocytes were replaced by adipose and 
fibrous tissues (Fig. 4).

The patient was treated with target temperature 
management in the ICU,  after which full recovery of 

consciousness was achieved.  During his hospital stay,  
100 mg of amiodarone was administered daily.  The 
patient was transferred to another hospital for implant-
able cardioverter-defibrillator (ICD) implantation 
12 days after admission,  with no neurological sequelae.

Discussion

Despite its importance as a cause of sudden CA,  
ARVC is not widely known to clinicians.  It is manda-
tory that all patients who are resuscitated following a 
CA and who have right ventricular dilatation undergo 
RV angiography and a myocardial biopsy,  and their 
family history should be determined appropriately.

The prevalence of ARVC varies among different eth-
nicities and is estimated to be between 1 in 2,000 to 1 in 
5,000 individuals [3 , 4].  Right ventricular dilation and 
inverted T-waves (V1-V3) are keys to the diagnosis of 
ARVC.  Inverted T-waves reflecting abnormal right ven-
tricular repolarization are seen during the early stages of 
ARVC.

ARVC was first reported in a case series in 1982 by 
Marcus et al.  [5].  It is a cardiomyopathy characterized 
by right ventricular dilation and dysfunction and ven-
tricular arrhythmias of right ventricular origin.  
Pathologically,  fibrofatty scar tissue progresses mainly 
from the epicardial side to the endocardial side of the 
RV,  causing thinning and dilatation of the ventricular 
wall [6].  Fibrofatty scar tissue that replaces normal 
myocardial tissue delays intraventricular conduction 
and becomes a substrate for arrhythmia through a mac-
ro-reentry mechanism,  and this contributes to the 
development of ventricular arrhythmia,  similar to that 
observed after a myocardial infarction [7].

The diagnosis of ARVC is based on the criteria of the 
International Task Force for the Clinical Diagnosis of 
ARVC [8].  The findings in the present case that met the 
international criteria were as follows: regional RV dys-
kinesia with a reduced right ventricular ejection frac-
tion detected by echocardiography,  MRI,  and angiog-
raphy findings; < 50% residual myocytes estimated by 
fibrous replacement in RV free-wall myocardial sam-
ples; inverted T-waves in the right precordial leads;  
sustained ventricular tachycardia with a left bundle 
branch block; and the superior axis pattern.

The estimated mortality rate for ARVC varies among 
studies and ranges from 0.08% to 3.6% of cases per year 
[9].  The prognosis of patients with ARVC depends 
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strongly on the residual cardiac function and the sever-
ity of the arrhythmia [9-12].  Recent cohort studies have 
shown that well-diagnosed and treated patients and 
their families have good prognoses [13-15].  Since 
ARVC is a cardiomyopathy resulting from ventricular 
arrhythmias with impaired cardiac function,  the goal of 
patient management is to alleviate these symptoms,  
reduce the risk of sudden cardiac death,  and improve 
the quality of life [16].  Ventricular arrhythmias in par-
ticular cause sudden cardiac death and thus require 
strict prevention and management.  Sports activities can 
increase the risk of sudden cardiac death in ARVC 
patients [6 , 17],  as lethal arrhythmias could develop 
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Fig.  2　 Apical four-chamber view (A) and short-axis view (B) 
showing the dilated right ventricle.

A B

Fig.  4　 A,  Right ventricular free-wall myocardium at hematoxylin 
and eosin staining shows the fibrous replacement (red arrow) and 
fatty replacement (black arrow) of myocyte tissue; B,  RV free-wall 
myocardium shows fibrous replacement (arrow) (Masson trichrome 
staining).
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Fig.  3　 Diastolic (A) and systolic (B) right ventricular 
angiography showing ventricular dilatation and regional dyskinesia.

A
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Fig.  1　 A,  “R on T” followed by ventricular tachycardia on the AED monitor at the pre-hospitalization facility (arrow); B,  Post-
electrical cardioversion 12-lead electrocardiogram showing complete right bundle branch block,  paroxysmal ventricular compression,  and 
T-wave inversion (arrows).



during such activities.
This patient was not diagnosed with ARVC when 

examined at the pre-hospitalization facility.  After 
admission to our hospital,  ablation and amiodarone 
therapy were provided,  and the patient’s cardiac func-
tion then improved.  Catheter ablation is sometimes 
performed for VT associated with ARVC.  Nogami et al.  
reported that ablation of the isolated delayed compo-
nent significantly reduces the recurrence rate of 
arrhythmias [18].  However,  since many VT substrates 
appear in patients with ARVC due to disease progres-
sion,  the frequency of arrhythmia recurrence increases 
over time,  and there is no strong evidence that ablation 
effectively prevents sudden cardiac death [19-23].  In 
fact,  VT can recur several years after ablation,  even in 
the present case.

Amiodarone is used for the treatment of VT.  
Amiodarone is an effective antiarrhythmic drug that is 
either prescribed alone or together with a beta-blocker,  
and the combination provides both the class III antiar-
rhythmic effects of amiodarone and beta-adrenergic 
blockade [24-26].  However,  long-term treatment with 
amiodarone is challenging due to its severe cumulative 
toxic effects,  such as pulmonary fibrosis,  especially in 
younger patients.  In the present case,  amiodarone was 
discontinued based on the good clinical course,  but 
6 months later,  the patient developed ventricular 
arrhythmias leading to the CA.  This coincided with the 
time point at which the patient’s blood concentration of 
amiodarone decreased,  indicating that amiodarone was 
effective in suppressing VT in this patient.  The patient 
resumed amiodarone treatment after his admission to 
the hospital.

The use of an ICD has been effective in ARVC 
patients who have episodes of lethal arrhythmia.  
Randomized controlled trials of defibrillation therapy 
have not yet been conducted; however,  observational 
studies have consistently shown safe and effective results 
of ICDs [11 , 12 , 15 , 24 , 25 , 27].  An ICD should be con-
sidered essential in ARVC patients who have been suc-
cessfully resuscitated,  as in the present case [28].  The 
patient underwent ICD transplantation 2 weeks after his 
resuscitation from lethal arrhythmia and is alive with-
out major adverse events > 6 months later.

In conclusion,  it is necessary to test for ARVC and 
perform appropriate interventions in resuscitated 
patients with right ventricular dilatation.

References

 1. Nogami A: Arrhythmogenic Right Ventricular Cardiomyopathy.  
J. ELECTROCARDIOLOGY (2014) 34: 245-263 (in Japanese).

 2. Mu J,  Zhang G,  Xue D,  Xi M,  Qi J and Dong H: Sudden cardiac 
death owing to arrhythmogenic right ventricular cardiomyopathy 
-Two case reports and systematic literature review.  Medicine 
(Baltimore) (2017) 96: 47 (e8808).

 3. Rampazzo A,  Nava A,  Danieli GA,  Buja G,  Daliento L,  Fasoli G,  
Scognamiglio R,  Corrado D and Thiene G: The Gene for 
Arrhythmogenic Right Ventricular Cardiomyopathy Maps to 
Chromosome 14q23-q24.  Hum Mol Genet (1994) 3: 959-962.

 4. Stefan P,  Martina T and Werner M: Prevalence of Right Ventricular 
Dysplasia-Cardiomyopathy in a Non-Referral Hospital.  Int J Cardiol 
(2004) 97: 499-501.

 5. Marcus FI,  Fontaine GH,  Guiraudon G,  Frank R,  Laurenceau JL,  
Malergue C and Grosgogeat Y: Right Ventricular Dysplasia: A 
Report of 24 Adult Cases.  Circulation (1982) 65: 384-398.

 6. Thiene G,  Nava A,  Corrado D,  Rossi L and Pennelli N: Right 
Ventricular Cardiomyopathy and Sudden Death in Young People.  
N Engl J Med (1988) 318: 129-133.

 7. Fontaine G,  Frank R,  Tonet JL,  Guiraudon G,  Cabrol C,  
Chomette G and Grosgogeat Y: Arrhythmogenic Right Ventricular 
Dysplasia: A Clinical Model for the Study of Chronic Ventricular 
Tachycardia.  Jpn Circ J (1984) 48: 515-538.

 8. Marcus FI,  McKenna WJ,  Sherrill D,  Basso C,  Bauce B,  Bluemke DA,   
Calkins H,  Corrado D,  Moniek GPJC,  James PD,  Fontaine G,   
Gear K,  Hauer R,  Nava A,  Picard MH,  Protonotarios N,  Saffitz JE,   
Sanborn YDM,  Steinberg JS,  Tandri H,  Thiene G,  Towbin JA,   
Tsatsopoulou A,  Wichter T and Zareba W: Diagnosis of Arrhythmogenic 
Right Ventricular Cardiomyopathy/Dysplasia: Proposed Modification 
of the Task Force Criteria.  Eur Heart J (2010) 31: 806-814.

 9. Corrado D,  Wichter T,  Link MS,  Hauer RNW,  Marchlinski FE,   
Anastasakis A,  Bauce B,  Basso C,  Brunckhorst C,  Tsatsopoulou A,   
Tandri H,  Paul M,  Schmied C,  Pelliccia A,  Duru F,  Protonotarios N,   
Estes NM,  McKenna WJ,  Thiene G,  Marcus FI and Calkins H:  
Treatment of Arrhythmogenic Right Ventricular Cardiomyopathy/
Dysplasia: An International Task Force Consensus Statement.  
Circulation (2015) 132: 441-453.

10. Priori SG,  Blomström LC,  Mazzanti A,  Blom N,  Borggrefe M,  
Camm J,  Mark PE,  Fitzsimons D,  Hatala R,  Hindricks G,  
Kirchhof P,  Kjeldsen K,  Kuck KH,  Hernandez MA,  Nikolaou N,  
Norekvål TM,  Spaulding C,  Veldhuisen DJ and Task Force for the 
Management of Patients with Ventricular Arrhythmias and the 
Prevention of Sudden Cardiac Death of the European Society of 
Cardiology (ESC): 2015 ESC Guidelines for the Management of 
Patients With Ventricular Arrhythmias and the Prevention of 
Sudden Cardiac Death: The Task Force for the Management of 
Patients With Ventricular Arrhythmias and the Prevention of 
Sudden Cardiac Death of the European Society of Cardiology 
(ESC)Endorsed By: Association for European Paediatric and 
Congenital Cardiology (AEPC).  Europace (2015) 11: 1601-1687.

11. Bhonsale A,  James CA,  Tichnell C,  Murray B,  Gagarin D,  Philips B,   
Dalal D,  Tedford R,  Russell SD,  Abraham T,  Tandri H,  Judge DP 
and Calkins H: Incidence and Predictors of Implantable 
Cardioverter-Defibrillator Therapy in Patients With Arrhythmogenic 
Right Ventricular Dysplasia/Cardiomyopathy Undergoing 
Implantable Cardioverter-Defibrillator Implantation for Primary 
Prevention.  J Am Coll Cardiol (2011) 58: 1485-1496.

12. Link MS,  Laidlaw D,  Polonsky B,  Zareba W,  McNitt S,  Gear K,  
Marcus F and Estes NAM: Ventricular Arrhythmias in the North 

520 Ochi et al. Acta Med.  Okayama　Vol.  75,  No.  4



American Multidisciplinary Study of ARVC: Predictors,  
Characteristics,  and Treatment.  J Am Coll Cardiol (2014) 64:  
119-125.

13. Protonotarios A,  Anastasakis A,  Panagiotakos DB,  Antoniades L,   
Syrris P,  Vouliotis A,  Stefanadis C,  Tsatsopoulou A,  McKenna WJ  
and Protonotarios N: Arrhythmic Risk Assessment in Genotyped 
Families With Arrhythmogenic Right Ventricular Cardiomyopathy.  
Europace (2016) 18: 610-616.

14. Zorzi A,  Rigato I,  Pilichou K,  Marra MP,  Migliore F,  Mazzotti E,  
Gregori D,  Thiene G,  Daliento L,  Iliceto S,  Rampazzo A,  Basso C,  
Bauce B and Corrado D: Phenotypic Expression Is a Prerequisite 
for Malignant Arrhythmic Events and Sudden Cardiac Death in 
Arrhythmogenic Right Ventricular Cardiomyopathy.  Europace 
(2016) 18: 1086-1094.

15. Groeneweg JA,  Bhonsale A,  James CA,  Riele AS,  Dooijes D,  
Tichnell C,  Murray B,  Wiesfeld ACP,  Sawant AC,  Kassamali B,  
Atsma DE,  Volders PG,  Groot NM,  Boer K,  Zimmerman SL,  
Kamel IR,  Heijden JF,  Russell SD,  Cramer MJ,  Tedford RJ,  
Doevendans PA,  Veen TA,  Tandri H,  Wilde AA,  Judge DP,  
Tintelen JP,  Hauer RN and Calkins H: Clinical Presentation,  
Long-Term Follow-Up,  and Outcomes of 1001 Arrhythmogenic 
Right Ventricular Dysplasia/Cardiomyopathy Patients and Family 
Members.  Circ Cardiovasc Genet (2015) 8: 437-446.

16. Corrado D,  Link MS and Calkins H: Arrhythmogenic Right 
Ventricular Cardiomyopathy.  N Engl J Med (2017) 376: 61-72.

17. Corrado D,  Basso C,  Pavei A,  Michieli P,  Schiavon M and 
Thiene G: Trends in Sudden Cardiovascular Death in Young 
Competitive Athletes After Implementation of a Preparticipation 
Screening Program.  JAMA (2006) 296: 1593-1601.

18. Nogami A,  Sugiyasu A,  Tada H,  Kurosaki K,  Sakamaki M,  
Kowase S,  Oginosawa Y,  Kubota S,  Usui T and Naito S: Changes 
in the Isolated Delayed Component as an Endpoint of Catheter 
Ablation in Arrhythmogenic Right Ventricular Cardiomyopathy:  
Predictor for Long-Term Success.  J Cardiovasc Electrophysiol 
(2008) 19: 681-688.

19. Fontaine G,  Tonet J,  Gallais Y,  Lascault G,  Hidden-Lucet F,  
Aouate P,  Halimi F,  Poulain F,  Johnson N,  Charfeddine H and 
Frank R: Ventricular Tachycardia Catheter Ablation in 
Arrhythmogenic Right Ventricular Dysplasia: A 16-year Experience.  
Curr Cardiol Rep (2000) 2: 498-506.

20. Marchlinski FE,  Zado E,  Dixit S,  Gerstenfeld E,  Callans DJ,  Hsia H,   
Lin D,  Nayak H,  Russo A and Pulliam W: Electroanatomic 
Substrate and Outcome of Catheter Ablative Therapy for Ventricular 
Tachycardia in Setting of Right Ventricular Cardiomyopathy.   
Circulation (2004)  110: 2293-2298.

21. Garcia FC,  Bazan V,  Zado ES,  Ren JF and Marchlinski FE:  
Epicardial Substrate and Outcome With Epicardial Ablation of 
Ventricular Tachycardia in Arrhythmogenic Right Ventricular 
Cardiomyopathy/Dysplasia.  Circulation (2009) 120: 366-375.

22. Philips B,  Madhavan S,  James C,  Tichnell C,  Murray B,  Dalal D,  
Bhonsale A,  Nazarian S,  Judge DP,  Russell SD,  Abraham T,  
Calkins H and Tandri H: Outcomes of Catheter Ablation of 
Ventricular Tachycardia in Arrhythmogenic Right Ventricular 
Dysplasia/Cardiomyopathy.  Circ Arrhythm Electrophysiol (2012) 5:  
499-505.

23. Philips B,  Riele ASJM,  Sawant A,  Kareddy V,  James CA,  Murray B,   
Tichnell C,  Kassamali B,  Nazarian S,  Judge DP,  Calkins H and 
Tandri H: Outcomes and Ventricular Tachycardia Recurrence 
Characteristics After Epicardial Ablation of Ventricular Tachycardia 
in Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy.  
Heart Rhythm (2015) 12: 716-725.

24. Corrado D,  Leoni L,  Link MS,  Bella PD,  Gaita F,  Curnis A,  
Salerno JU,  Igidbashian D,  Raviele A,  Disertori M,  Zanotto G,  
Verlato R,  Vergara G,  Delise P,  Turrini P,  Basso C,  Naccarella F,  
Maddalena F,  Estes NAM,  Buja G and Thiene G: Implantable 
Cardioverter-Defibrillator Therapy for Prevention of Sudden Death 
in Patients With Arrhythmogenic Right Ventricular Cardiomyopathy/
Dysplasia.  Circulation (2003) 108: 3084-3091.

25. Wichter T,  Paul M,  Wollmann C,  Acil T,  Gerdes P,  Ashraf O,  
Tjan TDT,  Soeparwata R,  Block M,  Borggrefe M,  Scheld HH,  
Breithardt G and Böcker D: Implantable Cardioverter/Defibrillator 
Therapy in Arrhythmogenic Right Ventricular Cardiomyopathy:  
Single-Center Experience of Long-Term Follow-Up and 
Complications in 60 Patients.  Circulation (2004) 109: 1503-1508.

26. Marcus GM,  Glidden DV,  Polonsky B,  Zareba W,  Smith LM,  
Cannom DS,  Estes NMS,  Marcus F,  Scheinman MM and 
Multidisciplinary Study of Right Ventricular Dysplasia 
Investigators: Efficacy of Antiarrhythmic Drugs in Arrhythmogenic 
Right Ventricular Cardiomyopathy: A Report From the North 
American ARVC Registry.  J Am Coll Cardiol (2009) 54: 609-615.

27. Corrado D,  Calkins H,  Link MS,  Leoni L,  Favale S,  Bevilacqua M,  
Basso C,  Ward D,  Boriani G,  Ricci R,  Piccini JP,  Dalal D,   
Santini M,  Buja G,  Iliceto S,  Estes NAM,  Wichter T,  McKenna WJ,  
Thiene G and Marcus FI: Prophylactic Implantable Defibrillator in 
Patients With Arrhythmogenic Right Ventricular Cardiomyopathy/
Dysplasia and No Prior Ventricular Fibrillation or Sustained 
Ventricular Tachycardia.  Circulation (2010) 122: 1144-1152.

28. Corrado D,  Basso C,  Pilichou K and Thiene G: Molecular Biology 
and Clinical Management of Arrhythmogenic Right Ventricular 
Cardiomyopathy/Dysplasia.  Heart (2011) 97: 530-539.

August 2021 A Successful Course of CA Due to ARVC 521


