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«The history and culture of Sudden Cardiac Death» 

-1970: «The best, painless way to die…SCD: fate or fact ?» 
               E Braunwald. Lecture, San Diego California USA  
 
-1977: «...the main challenge for cardiologists in the future…» B Lown. Am.J.Cardiol. 
 
-1983: «…to overcome such a human tragedy, social plague and medical debacle of our age…»   

L.Rossi, G.Thiene-Padova 1983 

-490 b.c. Filippide-Marathon 



Media and Sudden Cardiac Death 

19 gennaio 1990 
29 settembre 1989 22 luglio 1988 

«Sudden cardiac death during a 
football match»… Manfredonia suddenly 
collapsed…he was successfully resuscitated…»  



ARVC-history 

ARVC-History-Padova (FATE ?) 

ECG 1959 Sustained VT 1961 ARVC Family 1988 

Right Ventricular Cardiomyopathy 
and sudden death in young people 
Thiene G, et al. New Engl J Med 
1988;318:129 

Nava A, Buja G. 

«Auricularization» of 
right ventricular pressure curve 
Dalla Volta S et al. 1961;61:25 

Date of birth ?  Milestone paper 



ARVC/D: Anatomo-Clinical Definition 

Pathology: Fibrofatty 
replacement of the “right 
ventricular” myocardium 

 
Clinical presentation: 

ventricular tachycardia and 
arrhythmic sudden death 
(“arrhythmogenic”) 

 

Heart muscle disease, genetically-determined 
    (“cardiomyopathy”) 
 



ARVC/D : Clinical Outcome 
• Ventricular electrical instability ⇒ 

sudden arrhythmic death                          
(any time due the disease course) 

• Progressive loss of RV myocardium and 
LV involvement ⇒ heart failure                         
(late in life)   

Buja G et al Progr Cardiovasc Dis 2008;50:282 

Nava A, ..Buja G et al. JACC 2000;36:2226 

1 SCD FU 8.5±4.6 years 
0.08 pt/year mortality 

Mortality 
0.3-3.6 
Rate per 100 
person-Year -Probands affected from 37 families 

-365 subjects: 151 affected, 17 health carrier, 197 N-aff. or uncertain  



Birth (gene inherited) 

Sudden death 

Adolescence 
EarlyAdulthood  (disease phenotype) 

Overt  disease 

Asymptomatic CHF VA/SD 

Concealed disease 

(?) 

Idiopathic VT Gene carrier 

Yes No 

Syncope 

Corrado & Thiene, Circulation 2006;113:1634-7  

Natural history of ARVC/D 
    



Buja G et al. Progr Cardiovasc Dis 2008;50:282  2014-Padova strategies 

Therapeutic strategies in ARVC 

6 years 



ARVC/D:  
Risk stratification 

 
 

• Pre-clinical 
 - Genetic screening 
• Pre-symptomatic 

- Family history/ECG screening 
• Clinical 

- Clinical symptoms and signs 
 

 
 



ARVC/D: Pathogenesis 

Basso C et al. Lancet 2009; 373: 1289–1300 



, 

Corrado D, Basso C, Thiene G Heart 2009 



Prognostic impact of genetic testing 

 

Ackerman MJ et al. Heart Rhythm 2011;8:1308 –1339 



 



Life-time arrhythmic outcome by DS-
genes and mutations 

Rigato I et al,  Circ Cardiovasc Genet. 2013;6:533-542 



Life-time arrhythmic outcome by 
compound genotype and gender 

Rigato I, Circ Cardiovasc Genet. 2013;6:533-542 



Rigato I et al, Circ Cardiovasc Genet. 2013;6:533-542 



ARVC/D:  
Risk Stratification 

 
 

• Pre-clinical 
 - Genetic screening 
• Pre-symptomatic 

- Family history/ECG screening 
• Clinical 

- Clinical symptoms and signs 
 

 
 



ARVC/D  is a leading cause of  SD in 
young competitive athletes 

 
 

Mitral Valve 
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9% Conduction 
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ARVC
24%

Congenital 
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Other
18%

Hypertrophic 
Cardiomyopathy

2%

Corrado et al N Engl J Med  1998; 339: 364-369 
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Annual Incidence Rates of Sudden Cardiovascular Death in 
Screened Competitive Athletes and Unscreened Nonathletes 

Aged 12 to 35 Years in the Veneto Region of Italy  
(1979-2004) 

Athletes 
Nonathletes 

P for trend <0.001 

Corrado et al. JAMA 2006;296:1593-1601 
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Mortality trend for sudden death 
 from Cardiomyopathies 

RR=0.10 

P for trend =0.002 

Corrado et al. JAMA 2006;296:1593-1601 



               NUMBER  OF      
DISQUALIFIED 

                 ATHETES* 

CARDIOVASCULAR CAUSES  
OF DISQUALIFICATION 

 

Total 
Study Period 
(1982-2004) 
N=879 (%) 

   Early screening 
Period   

(1982-1992) 
N=455 (%) 

Late screening 
Period 

(1993-2004) 
N=424 (%) 

 
 

P-value 

Rhythm and conduction abnormalities 345 (39) 166  (36) 179 (42.2) 0.13 

    - ventricular arrhythmias 173 (19.6)    81 (18)   92 (21.6) 0.20 

    - supraventricular arrhythmias 73   (8.3)    39 (8.6)   34  (8.0) 0.56 

    - WPW Syndrome 55   (6.3)    29 (6.3)   26  (6.1) 0.88 

    - LBBB or RBBB & LAD   26   (3.0)      8 (1.7)   18  (4.2) 0.10 

    - second Degree AV  Block 13   (1.5)      7 (1.5)     6  (1.4) 0.89 

    - long QT Syndrome 5     (0.6)      2  (0.4)     3  (0.7) 0.93 

Systemic hypertension: 205  (23) 118 (25.9)   87  (20.5) 0.96 

Valvular disease (including MVP): 184  (21)   106  (23.3)   78  (18.4) 0.09 

Cardiomyopathies 60   (6.8)   20  (4.4)   40  (9.4) 0.005 

      - hypertrophic 30   (3.4)   14  (3.0)   16  (3.8) 0.50 

      - arrhythmogenic right ventricular 16   (1.8)     2  (0.4)   14  (3.3) 0.004 

      - dilated 14   (1.6)     4  (0.9)     10  (2.4) 0.21 

Coronary artery disease 11   (1.3)     2  (0.4)     9  (2.1) 0.05 

Other 74   (8.4)   43  (9.5)   31  (7.3) 0.42 

Cardiovascular conditions causing disqualification from competitive sports in 879 athletes over 2 consecutive 
screening periods (1982-1992 and 1993-2004) at the Center for Sports Medicine in Padua, Italy 

 

Corrado et al. JAMA 2006;296:1593-1601 



 ECG RARELY FAILS ! 

ARVC-»Is ECG always accurate for prognostic purpose  ?» 

Usefulness of electrocardiographic parameters 
for risk prediction in ARVC. 
Saguner A et al. Am J Cardiol 2014;113:1728 
 
Cox regression analysis: 
-inferior leads TWI                         HR 2.44 
-QRS fragmentation                      HR 2.65 
-Precordial QRS amplitude ratio 
 ≤0.48mV                                       HR 2.92 

Am J Cardiol 2014;113:1728 



ARVC/D:  
Risk Stratification 

 
 

• Pre-clinical 
 - Genetic screening 
• Pre-symptomatic 

- Family history/ECG screening 
• Clinical 

- Clinical symptoms and signs 
 

 
 



Clinical features and diagnosis 

LP 

EAM epsilon 



Recognized risk factors  
• Aborted SCD, sustained VT 
• Syncope 
• Non-sustained VT  
• Moderate to severe RV dysfunction 
• LV involvement with reduced ejection fraction  
• Proband status  
• Frequent PVC (≥1000/24 hours) 
• Inducibility at PVS  
• Physical exercise and sport activity 
• Extent of negative T-waves in precordial leads  
• Compound and digenic heterozygosity for desmosomal-gene mutations 

 
Less well established risk factors 
• Family history of  premature SCD (≤35 years)  
• Male gender  
• Young age at the time of diagnosis 
• QRS dispersion/delayed S wave upstoke/prolonged terminal activation duration in 

right   precordial leads 
• Extent of electroanatomic scar on electroanatomic voltage mapping  
• Fractionated signals/delayed potentials on electroanatomic voltage mapping 
• Extent of ventricular late-gadolinium enhancement  

Clinical Markers of Arrhythmic Risk in ARVC/D 



From first sustained VT/VF From class C CHF 





DARVIN I (secondary prevention): 
ICD implant indications in 132 pts 

– Cardiac arrest: 13 
– Ventricular tachycardia (poorly tolerated): 52 
– Ventricular tachycardia (well tolerated): 30 
– Unexplained Syncope : 21  
– Non-sustained ventricular tachycardia: 12 
– Family history of sudden death: 4    

Corrado,..Buja et al. Circulation 2003 108: 3084 - 3091  



Mean follow-up:  
39±27 months  
(3.3 years) 
 
Appropriate ICD  
interventions:  
64/132 patients (48%) 
 
*Shocks (31) 
*ATP (13) 
*both (20) 
(a total of 1271  
   disharges) 

Follow-up and ICD interventions in 132 ARVC/D pts 
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Classification of the ventricular arrhythmia  
according to the stored intracardiac electrograms  

Ventricular fibrillation/flutter show no tendency to be                          
self-terminating and result in sudden death unless corrective          
measures are  undertaken promptly 



Follow-up (months) 
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Ventricular fibrillation/flutter-free survival 

p<0.001 

Kaplan-Mayer analysis of  actual patient survival compared with survival free of  
ventricular fibrillation/flutter that in all likelihood would have been fatal in the absence of   
the ICD.The divergence between the lines reflects the estimated survival benefit of ICD therapy 
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Follow-up (months) 

log-rank= 0.01 

Ventricular tachycardia 
without hemodynamic 
compromise 

Ventricular tachyardia with 
hemodynamic compromise 

Cardiac arrest  

Unexplained 
syncope 

Kaplan-Mayer curves of freedom from ICD interventions on ventricular fibrillation/flutter for  
different patient subgroups stratified for clinical presentation.  Patients presenting with ventricular 

 achycardia without hemodynamiccompromise had a significantly lower incidence of  ventricular fibrillation/flutte  
during the follow-up.  





DARVIN II (primary prevention): 
ICD implant indication in 106 pts 

– Unexplained syncope : 42 (40%) 
– Asymptomatic non-sustained VT               

(Holter and/or exercise testing):  56 (53%) 
– Family history of sudden death:  49 (46%) 
– Inducibility at PVS:  40/67 (60%)   

  

Corrado,..Buja et al. Circulation 2010;122:1144-1152 



Kaplan-Meier analysis of cumulative survival  
from appropriate ICD interventions 

Kaplan-Meier analysis of actual survival vs  
theoretic survival (ICD shock on VF/Vfl) 
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EVM vs EPS 

 

Migliore , …Buja et al. Circ Arrhythm Electrophysiol  2013;6:167-176 



Amount of ElectroAnatomicScar  
and arrhythmic outcome 

Migliore et al. Circ Arrhythm Electrophysiol  2013;6:167-176 



J Cardiovasc  Electrophysiol 2013 



Corrado D, et al. Heart 2011;97:530-9 



ICD- 

BUJA G et al 2008 BUJA G et al 2008 

Double-edged sword 

20.5% 17.7% 60% 



ICD-Psycopathologic adverse event-Quality of Life 

Pts. 321  
Mean age 40 yo 



ARVC 
Pedigree of the family 

FATHER (S)                                                                       

AFFECTED RELATIVES 

THANK YOU VERY MUCH FOR YOUR ATTENTION  

«A life without  
research is not 
worthy to be 
lived» 
Socrate 399 b.c. 







ARVC-The road map of the science 

1980                                  1982                1984 

First Pt with ?-PD 
Uhl’ Sdr ? Cardiomyopathy ? 

F. Marcus 
Circulation 
Right Ventricular 
Dysplasia 

AC   
“RV-LV” 

1998  

Basso C et al Circulation 
Cardiomyopathy, Distrophy, 
Dysplasia, Myocarditis ??? NAVA A, BUJA G, MARTINI B 

1994-Naxos 
L.Rossi 

1988 

1994 
first-gene 
locus(14q
23-24) PD 

RV-only 

2012 



Sport and right ventricle 



REST 
TRAINING 





• Incidence:  300,000 deaths/year in USA  
• Risk for general population aged 35 or older: 0.1-0.2% per year 
• Marked increase in risk between the ages of 40 to 65 years 
•  Risk for adolescents-young adults (10-30 y.o.): 0.001% per year.  

 
• In Italy: 

–  Incidence: 70,000 deaths/year.  
–  0.36 to 1.28 per 1.000 person/year. 
→ one SCD every 7 minutes. 

SUDDEN CARDIAC DEATH 
Epidemiology 



 

«THE NEW CULTURE OF SUDDEN CARDIAC DEATH» 

Myerburg RJ J Cardiovasc Electrophysiol 2001; 12: 369. 

HV Huikuri 
NEJM 2001;345:20 

RJ Myerburg 
JCE 2001;12:369 

AED Out-of-H 

VF 

ARVC 



JA Groeneweg et al, Circulation 2014 



B)Population: 365 subjects 

151 affected 
157 non affected 

17 health carriers 

40 uncertain  

FU: 8.5±4.6 years=-1 SCD (0.08/pt year mortality) 
                               -15 overt ARVC 

A)Probands affected from 37 families (11 with genetic study) 
Nava A, .. Buja G et al. JACC 2000;36:2226 

C) 28 Families Linkage analysis 

6 families 14q23-q24 
4 families 14q42-q43 
4 families 1q32.1-q32.3q 

4 families ? 
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