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Abstract. 

Background. The prognosis of patients with the syndrome of right bundle branch block and ST segment 

elevation in the right precordial leads (Brugada syndrome) has been somewhat controversial, particularly for 

asymptomatic individuals. In this study, the largest cohort of patients with Brugada syndrome are reported and 

the prognostic significance of clinical and electrophysiological data are analyzed.  

Patients. A total of 667 patients with the electrocardiographic characteristics of Brugada syndrome were 

analyzed. 

Results. Mean age at diagnosis was 41±15 years, 160 were female and 507 male. The diagnosis was made due to 

the presence of a basal diagnostic electrocardiogram in 499 patients and in 168 the diagnostic electrocardiogram 

was noted only after antiarrhythmic drug administration. Sustained ventricular arrhythmias were induced during 

electrophysiological study in 231 out of 493 patients. During their lifetime 164 patients (25%) presented at least 

one episode of sudden cardiac death or documented ventricular fibrillation at a mean age of 43±15 years (2 to 

77 years). Using multivariate Cox regression models, inducibility of sustained ventricular arrhythmias 

(p<0.0001, Hazard ratio 3.8, 95% CI 2.4-6.25), a male gender (p<0.02, Hazard ratio 1.9, 95% CI 1.03-3.4) and a 

basal abnormal electrocardiogram (p<0.05, Hazard ratio 1.9, 95% CI 1.01-3.7) were all predictors of occurrence 

of sudden cardiac death or ventricular fibrillation. Using a logistic regression model, the probability that a male, 

with a basal abnormal electrocardiogram and inducible has an event is 45% (CI 38-53%). 

Conclusions. Patients with an electrocardiogram showing right bundle branch block and ST segment elevation 

in the right precordial have a high risk of ventricular arrhythmias and sudden death. Inducibility of sustained 

ventricular arrhythmias, a male gender and a spontaneously abnormal electrocardiogram are markers of a poor 

prognosis. 

Key Words: Sudden Death, Inducibility, Electrocardiogram 
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Condensed Abstract 

Natural history was studied in 667 individuals with the syndrome of right bundle branch block and ST segment 

elevation in the right precordial leads (Brugada syndrome). During their lifetime 164 patients suffered from 

sudden cardiac death or documented ventricular fibrillation. Inducibility of sustained ventricular arrhythmias, a 

male gender and a spontaneously abnormal electrocardiogram were markers of poor prognosis. 
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Introduction. 

It has been demonstrated that patients with an abnormal electrocardiographic pattern of  right bundle 

branch block and ST segment elevation in the right precordial leads, compatible with the diagnosis of Brugada 

syndrome have a high risk of sudden cardiac death (1-4). However, the prognosis of asymptomatic individuals 

and the value of clinical variables and some tests like programmed electrical stimulation are still a matter of 

discussion (5-7). We present here data on natural history and on the prognostic value of clinical and 

electrocardiographic variables in individuals with an electrocardiogram compatible with Brugada syndrome. 

 

Patients and methods. 

Data on 667 individuals with an electrocardiogram compatible with Brugada syndrome and no 

demonstrable structural heart disease were analyzed. The data are available thanks to the collaboration of many 

centers and physicians around the world (appendix). The electrocardiogram was defined as abnormal if a 

terminal r’ wave, with a J point elevation of at least 0.2 mV, with a slowly descending ST segment in 

continuation with a flat or negative T wave (coved-type electrocardiogram) appeared spontaneously in leads V1 

to V3 (figure1). The electrocardiogram was also defined as abnormal when the described electrocardiographic 

abnormalities became evident after the intravenous administration of an antiarrhythmic drug with potent 

sodium-channel blocking properties: ajmaline, flecainide or procainamide. Structural heart disease was excluded 

by clinical history, non-invasive (echocardiogram, stress test, nuclear magnetic resonance) and invasive 

methods (coronary angiography, left and right ventriculography and biopsy) used at the discretion of the treating 

physician. 
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The abnormal electrocardiogram was identified after an episode of aborted sudden death in 120 patients, 

during study of a syncope of unknown origin in 124 patients, and in 423 asymptomatic patients the abnormal 

electrocardiogram was identified during routine electrocardiographic screening or during study of family 

members of patients with the syndrome. 

Electrophysiologic study included basal measurements of conduction intervals and programmed 

ventricular stimulation. The protocol recommended used a single site of stimulation (right ventricular apex), 

three basic pacing cycles (600, 500 and 430 ms) and induction of 1, 2 and 3 ventricular premature beats down to 

a minimum of 200 ms. A patient was considered inducible if sustained ventricular arrhythmias (ventricular 

fibrillation, polymorphic ventricular tachycardia or monomorphic ventricular tachycardia lasting more than 30 

seconds or requiring emergency intervention) were induced. 

 

Statistical analysis.  

Data were analyzed using the STATA Statistical Software (StataCorp., 1999, 7.0, College Station, TX). 

The Fisher exact test or the chi-square test was used for categorical variables. One-way analysis of variance 

(ANOVA) test was used for comparisons of continuous variables among the different groups. Survival curves 

were plotted using the Kaplan-Meier method and analyzed by the log-rank test. Cox regression models were 

used to analyze factors associated to occurrence of events. Those variables that were significant were used in a 

Logistic regression model to predict the probability of having an event. A p value less than 0.05 was considered 

statistically significant. Where applicable, data are presented as mean ± one standard deviation. 

 

Results. 

A total of 667 patients with the abnormal electrocardiogram were identified. Age at diagnosis (first 

abnormal electrocardiogram documented) was 41±15 years (2 to 85 years). A predominance of male patients 

was observed (507 vs 160). In 344 patients, a familial form of the disease was suspected. The electrocardiogram 
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was spontaneously abnormal in 499 cases and abnormal only after the administration of a class I antiarrhythmic 

drug in 168 patients. During electrophysiologic testing, 231 out of 493 patients were inducible into sustained 

ventricular arrhythmias. Demographic characteristics and results of the electrophysiologic testing are shown in 

table I. 

 

Natural history 

 A total of 164 patients have presented at least one episode of sudden death or ventricular fibrillation 

during their lifetime (120 patients before the abnormal electrocardiogram was identified and 44 after). 

 Using multivariate analysis, inducibility of sustained ventricular arrhythmias, a male gender and the 

presence of a basal abnormal electrocardiogram were predictors of arrhythmia occurrence (table II). 

 The probability of having an event was studied using different combinations of these predictive factors 

(table III).  

 
 
Follow-up 

After the diagnosis was made, patients were followed a mean of 38±47 months.  

In 105 patients at least one episode of sudden cardiac death or documented ventricular fibrillation has been 

documented. Using multivariate analysis, inducibility of sustained ventricular arrhythmias and the presence of a 

previous episode of sudden death or syncope were predictors of events (table IV). 
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Table I. Clinical characteristics of the patients 

 

Clinical presentation Sudden death or 

ventricular fibrillation 

No sudden death or 

ventricular fibrillation 

P 

N 164 503  

Male/female 141/23 366/137 0.0001 

Age (years) 42±15 43±15 NS 

Basal abnormal ECG 150 349 0.0001 

Family history of SCD 70  274 0.03 

Inducible/non inducible 95/21 136/241 0.0001 

 

ECG: electrocardiogram, SCD: sudden cardiac death 
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Table II. Probability of sudden death or ventricular fibrillation during lifetime depending on clinical and 

electrophysiological variables 

 

    Univariate analysis  Multivariate analysis 

 Hazard ratio 95% CI P Hazard ratio 95% CI P 

Inducible 

Non inducible 

4.76 

1 

3.03-7.69 0.0001 3.85 

1 

2.38-6.25 0.0001 

Basal ECG 

AAD ECG 

3.85 

1 

2.17-7.14 0.0001 1.89 

1 

1.01-3.70 0.046 

Male 

Female 

2.4 

1 

1.56-3.80 0.0001 1.89 

1 

1.03-3.45 0.027 

Family history 

No family history 

1.05 

1 

0.69-1.31 0.787    

 

Basal ECG: basal abnormal electrocardiogram; AAD ECG: abnormal electrocardiogram only after 

antiarrhythmic drug administration. 
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Table III. Probability of having an event during lifetime 

 

MALE patients 

 Non inducible at EPS Inducible at EPS 

Abnormal ECG after AAD 4.4 (2.0 – 9.3) 23.4 (12.8 – 38.8) 

Basal abnormal ECG 11.0 (7.0 – 16.8) 45.1 (37.9 – 52.5) 

 

 

FEMALE patients 

 Non inducible at EPS Inducible at EPS 

Abnormal ECG after AAD 3.0 (1.3 – 6.9) 17.0 (8.0 – 32.7) 

Basal abnormal ECG 7.6 (3.8 – 14.8) 35.5 (21.8 – 52.1) 

 

 

EPS: electrophysiologic study; ECG: electrocardiogram; AAD: antiarrhythmic drugs. Data are expressed in 

percentage (95% confidence intervals). 

 



 12

Table IV. Probability of sudden death or ventricular fibrillation during follow-up, after the diagnosis has been 

made, depending on clinical and electrophysiological variables. 

 

    Univariate analysis  Multivariate analysis 

 Hazard ratio 95% CI P Hazard ratio 95% CI P 

Inducible 

Non inducible 

11.1 

1 

4.54-25.0 0.0001 7.14 

1 

2.7-20.0 0.0001 

Basal ECG 

AAD ECG 

3.70 

1 

1.75-7.69 0.0001    

Male 

Female 

2.94 

1 

1.54-5.88 0.0001    

Family history 

No family history 

1.03 

1 

0.68-1.55 0.896    

Asymptomatic 

Syncope 

Sudden death 

1 

2.60 

6.53 

 

1.43-4.76 

4.08-10.4 

0.0001 1 

2.41 

3.99 

 

1.16-4.99 

2.09-7.60 

0.0001 

HV<55 ms 

HV>55 ms 

1 

1.26 

 

0.66-2.40 

0.494    

 

Basal ECG: basal abnormal electrocardiogram; AAD ECG: abnormal electrocardiogram only after 

antiarrhythmic drug challenge. 
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Appendix 1. 

Physicians and centers. 

L. Aguinaga, Sanatorio Parque, Tucumán, Argentina; P. Alcaide , Hospital Igualada, Spain; E. Aliot, Centre 

Hospitalier Universitaire, Nancy, France; J. Alzueta, Hospital Clínico, Málaga, Spain; F. Arribas, M. 

Lopez Gil, Hospital 12 de Octubre, Madrid, Spain; A. Asso, Hospital Miguel Servet, Zaragoza,  Spain; 

J. Atié, Universidad Federal Rio de Janeiro, Brasil; R. Barba Pichardo, Hospital Juan Ramon Jimenez, 

Huelva, Spain; A. Bodegas, Hospital de Cruces, Bilbao, Spain; I. Blankoff, Centre Hospitalier 

Universitaire Saint Pierre, Brussels, Belgium; B. Brembilla-Perrot, Centre Hospitalier Universitaire, 

France; M. Brignole, Ospedali Riuniti, Lavagna, Italy; M. Borggrefe, Universitatsklinikum Mannheim, 

Germany; S. Boveda, Hopitaux de Toulouse, France; J. Brugada, L. Mont, Hospital Clínic, Universitat 

de Barcelona, Spain; P. Brugada, P. Geleen, OLV Hospital, Aalst, Belgium; J. Cabrera, J. Farré, 

Fundación Jimenez Diaz, Madrid, Spain; J.R. Carmona, Hospital de Navarra, Pamplona, Spain; C. 

Cowan, The General Infirmary, Leeds, Great Britain; F. Dorticós, J. Castro Hevia, Instituto de 

Cardiología y Cirugía Cardiaca, La Havana, Cuba; J.P. Cebron, Saint Henri Hospital, Nantes, France; 

K.J. Choi, Asian Medical Center, University of Ulsan, Seul, Corea; L. De Roy, Mont-Godine Hospital, 

Yvoir, Belgium; P. Della Bella, Università degli Studi di Milano, Italy; P. Denes, Michael Reese 

Hospital and Medical Center, Chicago, USA; P. Dumoulin, Clinique La Montagne, Centre Ambroise 

Paré, Paris, France; A. Ebagosti, CHG Martigues, France; L. Eckardt, G. Breithardt, Wilhems-

Universitat, Munster, Germany; M. Elder, Neufeld Cardiac Research Institute, University of Tel-Aviv, 

Israel; L. Elvas, University Hospital, Coimbra, Portugal; P. Erne , Kantonsspital Luzern, Switzerland; R. 

Faniel, Brussels, Belgium; I. Fernandez Lozano, Clínica Puerta de Hierro, Madrid, Spain; M. 

Figueiredo, Ritmocordis, Campinas, Brasil; J. Fisher, Montefiore Medical Center, New York, USA; M. 

Fromer, Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland; I. García Bolao, Clinica 

Universitaria de Navarra, Pamplona, Spain; D. Galley, Centre Hospitalier General, Albi, France; P. 

Goethals, Hospital St. Jean, Brussels, Belgium; E. Gonzalez, C. Perez Muñoz, Hospital de Jerez de la 
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Frontera, Spain; R. Hauer, University Hospital Utrecht, The Netherlands; A. Hernandez Madrid, C. 

Moro, Hospital Ramon y Cajal, Madrid, Spain; B. Herreros, Hospital Son Dureta, Palma de Mallorca, 

Spain; M. Jottrand, Hopital Erasme, Brussels, Belgium; W. Kaltenbrunner, Wilhelminenspital, 

Vienna, Austria; R. Keegan, Hospital Gutierrez, La Plata, Argentina; C. Lafuente, Hospital General 

Albacete, Spain; B. Liango, Centre Hospitalier Tubize-Nivelles, France; J. Martinez, F. Picó, Hospital 

Virgen de la Arrixaca, Murcia, Spain; J.L. Merino, R. Peinado, Hospital Universitario La Paz, Madrid, 

Spain;  J. Metzger, Hopital Cantonal, Geneva, Switzerland; M. McGuire , Royal Prince Alfred 

Hospital, Camperdown, Australia; A. Moya, Hospital Vall d’Hebrón, Barcelona, Spain; C. Muratore , 

Sanatorio Mitre, Buenos Aires, Argentina; J. Ollitrault, Hospital Saint Joseph, Paris, France; J. 

Ormaetxe, Hospital de Basurto, Bilbao, Spain; O. Paredes, Hospital Vera Barros, La Rioja, Argentina; 

M. Pavón, Hospital Virgen de la Macarena, Sevilla, Spain; B. Pavri, Hospital of the University of 

Pensilvania, Philadelphia, USA; J. Paylos, Clínica Moncloa, Madrid, Spain; J. Pelegrin, G. Rodrigo, 

Hospital Clínico Zaragoza, Spain; D. Pitcher, Hereford Cuntry Hospital, Unkon Walk, USA; J.M. 

Porres, Hospital Ntra. Sra. Aranzazu, San Sebastian, Spain; D. Potenza, San Giovanni Rotondo,  Italy; 

S. Priori, Salvatore Maugeri Foundation, Molecular Cardiology, Pavia, Italy;  F. Provenier, Ziekenhuis 

Maria Middelares, Gent, Belgium; O. Razali, National Heart Institute, Kuala Lampur, Malaysia; J. 

Rodriguez, Hospital Virgen de Valme, Sevilla, Spain; J.R. Ruiz, Hospital Santiago Apostol, Miranda 

de Ebro, Spain; L. Ruiz Valdepeñas, Complejo Hospitalario Ciudad Real, Spain; J. Rubio, Hospital 

Universitario Valladolid, Spain; X. Sabaté, Hospital Bellvitge, Barcelona, Spain; R. Sanjuan, Hospital 

Clínico, Valencia, Spain; P. Scanu, CHU Caen, France; E. Sosa, INCOR, Sao Paolo, Brasil; W. 

Stevenson, Brigham and Women’s Hospital, Boston, MA; G. Stix, University of Vienna, Austria; R. 

Stroobandt, St. Jozef Hospital, Oostende, Belgium; V. Taramasco, CHU Marseille, France; R. 

Tavernier, J.K. Triedman, Children’s Hospital, Boston, MA; P. Vanzini, Asociación Española, 

Montevideo, Uruguay; A. Vera Almazan, Hospital Carlos Haya, Málaga, Spain; J. Villacastin, J. 

Almendral, Hospital Gregorio Marañon, Madrid, Spain; M. Wan, W. Siu Hong, Tuen Mun Hospital, 
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Hong Kong; F. Wangüemert, Hospital Ntra. Sra. del Pino, Las Palmas, Spain; T. Wee Siong, Singapore 

Heart Centre, Singapore; M. Zimmermann, Hopital de la Tour, Meyrin-Geneve, Zwitzerland. 

 

 


