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Determinants of Sudden Cardiac Death in Individuals With
the Electrocardiographic Pattern of Brugada Syndrome and

No Previous Cardiac Arrest
Josep Brugada, MD, PhD; Ramon Brugada, MD; Pedro Brugada, MD, PhD

Background—Patients with Brugada syndrome who were resuscitated from an episode of ventricular fibrillation are at high
risk for recurrent sudden death. There is general agreement about the therapeutic strategy for these patients. Conversely,
the prognosis and approach in patients with a diagnostic ECG but without a previous history of sudden cardiac death
is controversial. We analyzed a large cohort of patients with Brugada syndrome without previous cardiac arrest to
understand the determinants of prognosis.

Methods and Results—A total of 547 patients with an ECG diagnostic of Brugada syndrome and no previous cardiac arrest
were studied. The mean age was 41�15 years, and 408 were male. The diagnostic ECG was present spontaneously in
391 patients. In the remaining 156 individuals, the abnormal ECG was noted only after the administration of an
antiarrhythmic drug. One hundred twenty-four patients had suffered from at least 1 episode of syncope. During
programmed ventricular stimulation, a sustained ventricular arrhythmia was induced in 163 of 408 patients. During a
mean follow-up of 24�32 months, 45 patients (8%) suffered sudden death or documented ventricular fibrillation.
Multivariate analysis identified the inducibility of a sustained ventricular arrhythmia (P�0.0001) and a history of
syncope (P�0.01) as predictors of events. Logistic regression analysis showed that a patient with a spontaneously
abnormal ECG, a previous history of syncope, and inducible sustained ventricular arrhythmias had a probability of
27.2% of suffering an event during follow-up.

Conclusions—Individuals with Brugada syndrome and no previous cardiac arrest have a high risk of sudden death.
Inducibility of ventricular arrhythmias and a previous history of syncope are markers of a poor prognosis. (Circulation.
2003;108:3092-3096.)
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Patients with an ECG compatible with the diagnosis of
Brugada syndrome1 who have been resuscitated from

near sudden arrhythmic death have a high risk of recurrent
ventricular fibrillation.1–3 In these patients, there is general
agreement that implantation of an automated cardioverter-
defibrillator (ICD) is mandatory.4–6 Controversy exists, how-
ever, on the best therapeutic approach in individuals with a
diagnostic ECG but without a previous history of sudden
cardiac death.6–9 We prospectively analyzed the prognostic
value of clinical and ECG variables in individuals with an
ECG compatible with Brugada syndrome and no previous
history of cardiac arrest.

Methods
Data on 547 individuals with an ECG compatible with Brugada
syndrome and no demonstrable structural heart disease were ana-
lyzed. The data are available thanks to the collaboration of many
centers and physicians around the world (Appendix). None of the
patients had suffered a sudden cardiac death before the diagnosis of

Brugada syndrome was made on the basis of the ECG. Following
recently proposed criteria,10 the ECG was defined as diagnostic if a
terminal r� wave, with a J-point elevation of �0.2 mV, with a slowly
descending ST segment in continuation with a flat or negative T
wave (coved-type ECG) appeared spontaneously in leads V1 to V3

(Figure 1). The ECG was also defined as abnormal when the
described ECG abnormalities became evident after the intravenous
administration of an antiarrhythmic drug with potent sodium-channel
blocking properties, such as ajmaline, flecainide, or procainamide.11

Structural heart disease was excluded by clinical history, noninva-
sive methods (echocardiogram, stress test, nuclear magnetic reso-
nance), and invasive methods (coronary angiography, left and right
ventriculography, and myocardial biopsies) used at the discretion of
the treating physician.

The abnormal ECG was identified during the investigation of
syncope of unknown origin in 124 patients, during routine ECG
screening in 170 individuals and during study of family members of
patients with the syndrome in 253 individuals.

Electrophysiological study included basal measurements of con-
duction intervals and programmed ventricular stimulation. The
protocol recommended used a single site of stimulation (right
ventricular apex), 3 basic pacing cycles (600, 500, and 430 ms), and

Received March 6, 2003; de novo received July 9, 2003; revision received September 12, 2003; accepted September 18, 2003.
From the Arrhythmia Section, Cardiovascular Institute, Hospital Clínic, University of Barcelona, Spain (J.B.); the Masonic Medical Research

Laboratory, Utica, New York (R.B.); and the Cardiovascular Research and Teaching Institute, Aalst, Belgium (P.B.).
Correspondence to Josep Brugada, MD, PhD, Arrhythmia Section, Cardiovascular Institute, Hospital Clínic, University of Barcelona, Villarroel 170,

08036 Barcelona, Spain. E-mail jbrugada@clinic.ub.es
© 2003 American Heart Association, Inc.

Circulation is available at http://www.circulationaha.org DOI: 10.1161/01.CIR.0000104568.13957.4F

3092  by guest on July 15, 2011http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


induction of 1, 2, and 3 ventricular premature beats down to a
minimum of 200 ms. A patient was considered inducible if a
sustained ventricular arrhythmia (ventricular fibrillation, polymor-
phic ventricular tachycardia, or monomorphic ventricular
tachycardia lasting �30 seconds or requiring emergency interven-
tion) was induced.

Statistical Analysis
Data were analyzed by use of the STATA Statistical Software
(StataCorp., 1999, 7.0). The Fisher exact test or the �2 test was used
for categorical variables. One-way ANOVA was used for compari-
sons of continuous variables among the different groups. Survival
curves were plotted by the Kaplan-Meier method and analyzed by
the log-rank test. Cox regression models were used to analyze factors
associated with occurrence of events. The variables that were
significant were used in a logistic regression model to predict the
probability of having an event. A probability value of P�0.05 was
considered statistically significant. Where applicable, data are pre-
sented as mean�SD.

Results
A total of 547 patients with the abnormal ECG were studied.
Age at diagnosis (first abnormal ECG documented) was
41�15 years (2 to 85 years). A predominance of male
patients was observed (408 male versus 139 female). In 302
individuals, a family history of sudden cardiac death was
present. The ECG was spontaneously abnormal in 391 cases

and abnormal only after the administration of a class I
antiarrhythmic drug in 156. During electrophysiological test-
ing, a sustained ventricular arrhythmia was induced in 163 of
408 individuals who underwent the study (162 ventricular
fibrillation, 1 ventricular flutter). A total of 177 patients
received an ICD: 138 inducible patients and 39 noninducible
but with a family history of sudden death (15 patients), a
previous history of syncope (10 patients), or both (14 pa-
tients). Demographic characteristics and results of the elec-
trophysiological testing are shown in Table 1.

Follow-Up
The individuals were followed up prospectively for a mean of
24�33 months (range, 1 to 160 months) after the diagnostic
ECG was recognized.

In 45 of the 547 individuals (8.2%), sudden cardiac death
(16 patients) or ventricular fibrillation (29 patients) occurred
during the follow-up period (Figure 2). By univariate analy-
sis, inducibility of a sustained ventricular arrhythmia, a
previous episode of syncope, a spontaneously abnormal ECG,

TABLE 1. Clinical Characteristics of the Patients (n�547)

Male/female 408/139

Age, y 41�15 (2–85)

Basal abnormal ECG 391

Family history of sudden cardiac death 302

Inducible/noninducible 163/245

History of syncope 124

Figure 1. Twelve-lead surface ECG showing typical pattern of right bundle-branch block and ST-segment elevation of “coved type” in
leads V1 to V3 in a patient identified after a syncopal episode (top). In this patient, 3 episodes of ventricular fibrillation were treated dur-
ing follow-up with an ICD (bottom).

Figure 2. Survival curve showing occurrence of arrhythmic
events (sudden cardiac death [SD] or ventricular fibrillation [Vf])
during follow-up.
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and male sex were predictors of events (Table 2). Multivar-
iate analysis identified inducibility of a sustained ventricular
arrhythmia and a history of syncope as predictors of sudden
death or ventricular fibrillation (Table 2). Figure 3 shows the
Kaplan-Meier curves of arrhythmic events during follow-up
depending on the presence of a previous history of syncope
and inducibility of arrhythmias during electrophysiological
study.

By logistic regression analysis of these 2 variables and the
presence or absence of a spontaneously abnormal ECG, 8

groups were identified with a risk of sudden death or
documented ventricular fibrillation during follow-up varying
from 0.5% to 27.2% (Table 3). The lowest-risk group is an
individual with an ECG diagnostic of Brugada syndrome seen
only after drug administration who is not inducible during
programmed ventricular stimulation and who has no previous
syncope. The highest-risk group included individuals with a
spontaneously abnormal ECG who are inducible during
programmed ventricular stimulation and have suffered at
least 1 syncopal episode. The other risk categories are shown
in Table 3.

Discussion
This study includes a sufficiently large number of individuals
with an ECG pattern diagnostic of Brugada syndrome and no
previous sudden cardiac death to allow analysis of the
prognostic value of clinical, ECG, and electrophysiological
variables.

How the diagnosis was made in this population varied. In
some individuals, a spontaneously abnormal ECG was rec-
orded as part of a routine screening, for instance, before
surgery or to obtain a license for competitive sports. In others,
it was observed after an episode of syncope of unknown
origin. In still others, the abnormal ECG was observed
because of a family history of sudden death or Brugada

TABLE 2. Probability of Sudden Death or Ventricular Fibrillation During
Follow-Up Depending on Clinical and Electrophysiological Variables

Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI P Hazard Ratio 95% CI P

Inducible 8.33 2.8–25.0 0.0001 5.88 2.0–16.7 0.0001

Noninducible 1 � � � � � � 1 � � � � � �

Syncope 2.79 1.5–5.1 0.002 2.50 1.2–5.3 0.017

No syncope 1 � � � � � � 1 � � � � � �

Basal ECG 7.69 1.9–33.3 0.0001 2.86 0.7–12.3 0.103

AAD ECG 1 � � � � � � 1 � � � � � �

Male 5.26 1.6–16.6 0.001 � � � � � � � � �

Female 1 � � � � � � � � � � � � � � �

Family history 1.29 0.7–2.4 0.406 � � � � � � � � �

No family history 1 � � � � � � � � � � � � � � �

Basal ECG indicates spontaneously abnormal ECG; AAD ECG, abnormal ECG only after antiarrhyth-
mic drug administration.

Figure 3. Kaplan-Meier analysis of arrhythmic events (sudden
cardiac death [SD] or documented ventricular fibrillation [VF])
during follow-up depending on presence or absence or a history
of syncope (A) and on inducibility of sustained ventricular ar-
rhythmias during electrophysiological study (B).

TABLE 3. Logistic Regression Analysis: Probability of Events
(Sudden Death or Documented Ventricular Fibrillation)
During Follow-Up

Noninducible,
% (CI)

Inducible,
% (CI)

Spontaneously abnormal ECG

Syncope 4.1 (1.4–11.7) 27.2 (17.3–40.0)

No syncope 1.8 (0.6–5.1) 14.0 (8.1–23.0)

ECG abnormal only after
antiarrhythmic drug challenge

Syncope 1.2 (0.2–6.6) 9.7 (2.3–33.1)

No syncope 0.5 (0.1–2.7) 4.5 (1.0–17.1)
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syndrome. In this last case, the abnormal ECG appeared in
some individuals only during the administration of a sodium
channel blocker to identify carriers of the disease within the
family. Finally, in some individuals, the diagnostic ECG was
seen during treatment with antiarrhythmic drugs given
against atrial fibrillation or other cardiac arrhythmias.

The strongest predictor of outcome in patients with an
ECG diagnostic of Brugada syndrome and no previous
cardiac arrest is inducibility during programmed ventricular
stimulation. Inducible individuals have a 6 times higher risk
of suffering sudden death or ventricular fibrillation during the
subsequent 2 years compared with noninducible individuals.
The next best predictor was a previous history of syncope.
Patients with a previous history of syncope have a 2.5 times
higher risk than asymptomatic patients. Factors identified by
univariate analysis, which were no longer predictive by
multivariate analysis, included a spontaneously abnormal
ECG and male sex. However, it has to be stressed that the
prognostic value of programmed ventricular stimulation was
highest in the group with no symptoms at all, i.e., without a
previous history of syncope. Noninducible patients with a
previous history of syncope still had an unacceptably high
risk of (aborted) sudden arrhythmic death during the
follow-up.

The implications of these observations can be very relevant
for the daily management of individuals with Brugada syn-
drome and no previous cardiac arrest, as follows.

Individuals with a Brugada ECG and a previous history of
syncope have a high risk for sudden death (27.2% in
inducible patients but still 4.1% in noninducible patients at 2
years of follow-up with an upper 95% CI of 11.7%). Patients
with a previous history of syncope probably do not require
programmed ventricular stimulation for risk stratification.
Implantation of a defibrillator in these patients seems to be as
mandatory as it is in patients with resuscitated sudden
arrhythmic death until other effective therapeutic alternatives
become available.

Programmed ventricular stimulation should be performed
in asymptomatic individuals to stratify the risk. Those induc-
ible during programmed ventricular stimulation should un-
dergo implantation of a defibrillator. Noninducible individu-
als should be followed up carefully and made aware of the
risks of fever, antiarrhythmic drugs, and other possible
triggers of ventricular arrhythmias in Brugada syndrome.

Limitations of the Study
The principal limitation in this study is the way in which
patients were selected for drug challenge or electrophysio-
logical study determined in part by physician expertise and
biases. This may have affected the outcome of the study.

A second important limitation is the mean follow-up of
only 24 months, which is too short a period to allow for
definitive conclusions about the management of patients with
Brugada syndrome. It is quite conceivable that in some
groups of patients, prognosis might worsen as follow-up
prolongs. Only with large numbers of patients and long-term
follow-up can one meaningfully ascertain the magnitude of
the risk and, in turn, determine whether the level of risk in

noninducible patients is sufficiently low as to justify not
implanting an ICD.

Finally, the use of the information collected from the
electrograms stored in the ICD might cause some overesti-
mation of the risk of sudden death. This is because of (1) the
difficult differentiation between some supraventricular
tachycardias and ventricular arrhythmias and (2) the presence
of some ventricular arrhythmias that might not cause sudden
death because they are either well-tolerated or self-limited. In
our study, patients had either sudden death or documented
ventricular fibrillation. This significantly diminished the bias:
first, because ventricular fibrillation episodes almost never
are misdiagnosed as supraventricular, and second, because it
can be reasonably assumed that most, if not all, cases of
ventricular fibrillation produce subsequent sudden death if
not treated.

Conclusions
Individuals with an ECG diagnostic of Brugada syndrome
and no previous cardiac arrest have a significant risk (8%) of
sudden death during a short-term follow-up period of �2
years. The lowest-risk group can be defined by the absence of
syncopal episodes, a diagnostic ECG only after antiarrhyth-
mic drug challenge, and noninducibility during programmed
ventricular stimulation (0.5% incidence of events). The
highest-risk group is defined by a combination of a previous
history of syncope, a spontaneously abnormal ECG, and
inducible sustained arrhythmias during programmed ventric-
ular stimulation (27.2% incidence of events).

Appendix
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; X. Beiras, Hospital Xeral Vigo,
Spain; I. Blankoff, Centre Hospitalier Universitaire Saint Pierre,
Brussels, Belgium; B. Brembilla-Perrot, Centre Hospitalier Univer-
sitaire, France; M. Brignole, Ospedali Riuniti, Lavagna, Italy; X.
Boada, Hospital de Berga, Spain; A. Bodegas, Hospital de Cruces,
Bilbao, Spain; M. Borggrefe, Universitätsklinikum Mannheim, Ger-
many; S Boveda, Hopitaux de Toulouse, France; J. Brugada, L.
Mont, Hospital Clínic, Universitat de Barcelona, Spain; P. Brugada,
P. Geleen, OLV Hospital, Aalst, Belgium; C. Bruna, G. Rossetti, A.
Vado, Ospedale S Croce e Carle, Cuneo, Italy; 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, Univer-
sity of Ulsan, Seoul, Korea; 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, Ill; S. Dubner, Clinica Suiza Argentina, Buenos Aires,
Argentina; P. Dumoulin, Clinique La Montagne, Centre Ambroise
Paré, Paris, France; A. Ebagosti, CHG Martigues, France; L.
Eckardt, G. Breithardt, Wilhelms-Universität, Munster, Germany;
M. Eldar, Neufeld Cardiac Research Institute, University of Tel-
Aviv, Israel; L. Elvas, University Hospital, Coimbra, Portugal; P.
Erne, Kantonsspital Luzern, Switzerland; R. Faniel, Brussels, Bel-
gium; I. Fernandez Lozano, Clínica Puerta de Hierro, Madrid, Spain;

Brugada et al Brugada Syndrome 3095

 by guest on July 15, 2011http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


M. Figueiredo, Ritmocordis, Campinas, Brasil; J. Fisher, Montefiore
Medical Center, New York, NY; 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 Frontera, Spain; R. Hauer, University Hospital Utrecht,
The Netherlands; M. Helguera, Hospital Italiano, Buenos Aires,
Argentina; A. Hernandez Madrid, C. Moro, Hospital Ramon y Cajal,
Madrid, Spain; B. Herreros, Hospital Rio Ortega, Valladolid, Spain;
M. Jottrand, Hopital Erasme, Brussels, Belgium; W. Kaltenbrunner,
Wilhelminenspital, Vienna, Austria; R. Kam, National Heart Centre,
Singapore; N.G. Kay, University of Alabama, Birmingham, Ala; R.
Keegan, Hospital Gutierrez, La Plata, Argentina; G. Kornfeld,
Donauspital, Vienna, Austria; C. Lafuente, Hospital General Al-
bacete, Spain; F. Leyva, Good Hope Hospital, Sutton, England; 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,
Hôpital 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 Pennsylvania, Philadelphia, Pa; J. Paylos, Clínica
Moncloa, Madrid, Spain; J. Pelegrin, G. Rodrigo, Hospital Clínico
Zaragoza, Spain; T. Peter, Cedars Sinai, Los Angeles, Calif; D.
Pitcher, Hereford County Hospital, Union Walk, UK; 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 Lumpur, 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, Brazil; W. Stevenson, Brigham and Women’s
Hospital, Boston, Mass; 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, Mass; L. Tercedor, M. Alvarez, Hospital Virgen de
las Nieves, Granada, Spain; H.J. Trappe, Marien Hospital, Herne,
Germany; P. Vanzini, Asociación Española, Montevideo, Uruguay;
A. Vera Almazan, Hospital Carlos Haya, Málaga, Spain; J. Villa-
castin, J. Almendral, Hospital Gregorio Marañon, Madrid, Spain; M.
Wan, W. Siu Hong, Tuen Mun Hospital, Hong Kong; F. Wangüe-

mert, Hospital Ntra Sra del Pino, Las Palmas, Spain; T. Wee Siong,
Singapore Heart Centre, Singapore; R. Zegarra, Incor Essalud, Lima,
Peru; M. Zimmermann, Hopital de la Tour, Meyrin-Geneve,
Switzerland.
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