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Introduction
The Brugada syndrome (BrS) is an inherited arrhythmogenic 

disease characterized by ST-segment elevation in right precordial 
leads on surface electrocardiogram (ECG), the absence of overt 
structural heart disease, and an increased risk of ventricular fibrillation 
(VF) and sudden cardiac death (SCD).1-5 There is increasing 
evidence suggesting that mild structural abnormalities seen in the 
right ventricular outflow tract provide the arrhythmia substrate in 
BrS.2,6,7 The BrS is definitively diagnosed when a type 1 ST-segment 
elevation (coved type) ≥2 mm is observed either spontaneously or 
after intravenous administration of a sodium channel blocking agent 
(ajmaline, flecainide, procainamide or pilsicainide) in at least one 
right precordial lead (V1 and V2), which are placed in a standard 
or a superior position (up to the 2nd intercostal space).8 The BrS 
is a genetically heterogeneous channelopathy. Up to now, mutations 
in 19 genes have been identified in subjects with BrS phenotype.4 
These mutations cause either a decrease in inward sodium or calcium 

current or an increase in outward potassium currents resulting in an 
outward shift in the balance of current active during the early phases 
of the action potential.4

The BrS typically manifests with cardiac arrest or syncope, 
occurring in the third and fourth decade of life.3-5 The majority of BrS 
patients are asymptomatic, usually diagnosed incidentally. The risk 
stratification of BrS patients, and particularly of asymptomatic ones, 
still remains challenging. Currently, subjects with spontaneous type 1 
ECG pattern and aborted SCD or syncope of arrhythmic origin are 
at highest risk for future arrhythmic events, and are advised to receive 
an the implantable cardioverter defibrillator (ICD).3-5 Emerging 
evidence clearly underscore our inability to stratify patients with 
BrS.9 Several markers has been proposed for risk stratification, but 
the majority of them have not been tested in a prospective manner. 
The present study focus on current risk stratification markers as well 
as on the management of high risk BrS patients.

Risk Stratification Of Individuals With Brugada Syndrome
It is widely accepted that symptomatic BrS patients are at increased 

risk for future events.4,5 However, in a post-mortem study, the majority 
of SCDs related to BrS occurred in asymptomatic individuals 
(72%). Based on the Second Expert Consensus Conference on 
BrS,3 68% of this population would have been categorized as low 
risk.9 Asymptomatic BrS patients display an annual event rate of 
arrhythmic events between 0.5 and 1%.10-12 This event will occur in 
about 50% of cases as VF without any warning symptoms.13 Although, 
it is currently impossible to estimate the evolution of arrhythmic risk 
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over time, assuming an annual event rate of 1%, a 10% event rate at 
10-year follow-up in otherwise healthy patients is extremely high. 
Proper risk stratification of BrS patients, particularly of asymptomatic 
ones, is therefore of paramount importance. Several clinical, 
echocardiographic, electrocardiographic and electrophysiological 
markers have been proposed as risk stratifiers (figure 1).

Clinical Markers
A history of aborted SCD has been consistently associated with 

the highest risk of future arrhythmic events in all studies, and thus 
has a major prognostic impact.10-12,14-20 In a recent meta-analysis, the 
incidence of arrhythmic events (sustained ventricular arrhythmia or 
appropriate ICD therapy or SCD) was 13.5% per year in patients 
with a history of SCD, 3.2% per year in patients with syncope and 
1% per year in asymptomatic patients.21 The arrhythmic risk among 
patients with a history of aborted SCD is 35% at 4 years,10,15 44% at 
7 years,12 and 48% at 10 years.21

A history of syncope has been associated with an increased 
incidence of future arrhythmic events in several studies, including 
a meta-analysis.10,11,14,16-23 However, Priori’s group have initially 
demonstrated that the association of syncope and spontaneous ST-
segment elevation has the best predictive value to identify individuals 
at high risk, and not a history of syncope as a single risk factor.24 
Kamakura et al. showed that patients presenting with aborted 
SCD had a grim prognosis, while those presenting with syncope 
or no symptoms had an excellent prognosis irrespective of their 
ECG pattern.15 Conte et al. from P. Brugada’s group have recently 
demonstrated that patients with a history of syncope display a similar 
clinical course with asymptomatic ones. In particular, 11% of patients 
with syncope and 13% of asymptomatic subjects received appropriate 
shocks during a long term follow-up period of 83.8 ± 57.3 months.12 
This inconsistency possibly reflects our difficulty to differentiate 
arrhythmic from neurally-mediated syncope. A high incidence of 
neurally-mediated susceptibility in asymptomatic individuals with 
BrS ECG pattern has been previously shown.25 In Conte’s study, 
after ICD placement, 21 patients (11.9%) experienced episodes of 
syncope. Of them, 5 patients had neurally-mediated syncope. In 8 
patients with recurrent syncope after ICD implantation, the rate of 
ventricular pacing was <1%, and no ventricular arrhythmias were 
detected.25 This possibly explains why some patients with a previous 
history of undetermined syncope display an excellent prognosis.

The majority of large studies on BrS have demonstrated that 
a family history of SCD is not predictive of future arrhythmic 
events.10,12,24,26 In the largest registry, a family history of SCD was 
not predictive of arrhythmic events in either symptomatic (3.3% vs. 
3.0%) or asymptomatic patients (0.5% vs. 0.6%).10 On the contrary, 
Kamakura et al. have demonstrated that a family history of SCD 
occurring at age <45 years is an independent risk factor of poor 
prognosis irrespective of ECG type. Delise et al. have shown that 
family history of SCD may be of prognostic significance only in 
combination with other risk factors.17

In a previous meta-analysis accumulating data on 1.545 patients, 
male gender has been associated with a malignant clinical course.20 
In FINGER registry, male gender tended to be associated with a 
shorter time to first event, but this difference did not reach statistical 
significance (mean event rate per year, 3.0% for men versus 0.9% for 
women).10 Similarly, in Conte’s study, males displayed a near 3-fold 
higher risk for appropriate shocks during follow-up.12 Data from S. 

Priori’s group showed that there is a non-significant excess of events 
in males (13%) as opposed to females (9%).24 These data suggest that 
females with BrS ECG pattern should not be regarded as a low risk 
group. 

The prevalence of atrial fibrillation in BrS patients is higher than 
in the general population of the same age. In a large study of 560 BrS 
patients, 48 (9%) had atrial fibrillation/flutter.18 In 176 BrS patients 
with an ICD, 18% of patients developed paroxysmal AF during a 
long-term follow-up period of 83.8 ± 57.3 months.12 A higher 
incidence of atrial tachyarrhythmias (fibrillation/flutter) (24%) has 
been demonstrated in our BrS series.27 Spontaneous atrial fibrillation 
has been associated with higher incidence of syncopal episodes (60.0% 
vs. 22.2%) and documented VF (40.0% vs. 14.3%). In patients with 
documented VF, higher incidence of spontaneous atrial fibrillation 
(30.8% vs. 10.0%, p < 0.05), atrial fibrillation induction (53.8% vs. 
20.0%), and prolonged interatrial conduction time was observed.28 
Siera et al. have recently reported that asymptomatic BrS subjects 
with history of sinus node dysfunction display an 8-fold increased 
risk for future arrhythmic events.29

Genetic Markers
A genetic defect on the SCN5A gene has not been associated with 

a higher risk of future arrhythmic events in several studies, suggesting 
that genetic analysis is a useful diagnostic parameter but it is not 
helpful for risk stratification.10-12,24,26

Echocardiographic Markers
A reduced right ventricular ejection fraction and an increased 

right ventricular end-diastolic volume were independently associated 
with history of syncope or SCD at the time of diagnosis.30 Using 
tissue velocity imaging, Van Malderen et al. have demonstrated that 
a previous history of malignant events is associated with prolonged 
right ventricular ejection delay.31

 Electrocardiographic Markers
A spontaneous type 1 ECG pattern of BrS has been consistently 

associated with a worse outcome in large studies,10-12 and thus 
should be considered as a malignant marker. A meta-analysis 
showed that individuals with spontaneous type 1 ECG features 
exhibit a 3- to 4-fold increased risk of events compared to those 
with a drug-induced ECG pattern.20 We recently demonstrated that 
asymptomatic subjects with spontaneous type 1 ECG pattern of BrS 
exhibit a 3.5 higher risk of future arrhythmic events.32 It is therefore 

Figure 1: Clinical, electrocardiographic and electrophysiological markers 
proposed for risk stratification in BrS
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very important to establish or not the presence of spontaneous type 1 
ECG pattern in BrS patients. In patients with drug-induced type 1, 
spontaneous type 1 BrS can be more frequently detected with twelve 
lead Holter monitoring compared with conventional follow-up with 
periodic ECGs. Twelve lead Holter recording might avoid 20% 
of the pharmacological challenges with sodium channel blockers, 
which are not without risks, and should thus be considered as the 
first screening test, particularly in children or in the presence of 
borderline diagnostic basal ECG.33

Apart from the spontaneous type 1 ECG pattern, several other 
ECG parameters have been proposed for risk stratification of 
subjects with BrS phenotype. Among these ECG markers, QRS-
fragmentation in twelve-lead ECG appears very promising. Morita 
et al. have initially demonstrated that QRS-fragmentation is more 
commonly seen in BrS patients with VF (85%) and syncope (50%) 
compared to asymptomatic ones (34%).34 The PRELUDE study 
confirmed these findings and showed that QRS-fragmentation is an 
independent predictor of future arrhythmias.11 Tokioka et al. have 
recently demonstrated that the presence of QRS-fragmentation 
lead to a 5-fold increase of arrhythmic events.23 A prospective study 
using signal-averaged ECG suggested that positive late potentials 
may have predictive value of malignant arrhythmic events in BrS.35 
Ajiro et al. have showed that symptomatic subjects with BrS display 
significantly lower RMS40, longer LAS40, and longer filtered 
QRS duration compared to the asymptomatic ones.36 The positive 
predictive value, negative predictive value, and predictive accuracy 
of late potentials were 92.0%, 78.9%, and 86.4%, respectively. Daily 
fluctuations in ECG and SAECG characteristics could be useful for 
distinguishing between high- and low-risk patients with BrS.37

First degree atrioventricular block has been independently 
associated with SCD or appropriate ICD therapies.38 A prolonged 
QRS duration in leads II, V2 and V639,40 as well as a prolonged 
QTc interval >460 ms in lead V241 have been associated with life-
threatening arrhythmic events in BrS. The Tpeak-Tend interval, a 
marker of transmural dispersion of repolarization, has been linked 
to malignant ventricular arrhythmias in various clinical settings 
including the BrS. Castro Hevia et al. were the first to link increased 
Tpeak-Tend interval as a risk factor in patients with BS.41 Maury 
et al. has been recently demonstrated that the Tpeak-Tend interval 
from lead V1 to lead V4, the maximum value of the Tpeak-Tend 
interval, and the Tpeak-Tend interval dispersion in all precordial 
leads were significantly higher in symptomatic patients (aborted 
SCD, appropriate ICD therapy, syncope) than in asymptomatic 
patients. In multivariate analysis, a max Tpeak-Tend of >100 ms was 
independently related to arrhythmic events.38 We have previously 
shown that the Tpeak-Tend interval and Tpeak-Tend interval/
QT ratio were associated with VT/VF inducibility in BrS.42 A 
more negative T-wave in lead V1 has been also associated with 
poor prognosis.43 Finally, the appearance of T-wave alternans after 
pilsicainide administration was predictive for spontaneous VF.44

Masrur et al. performed a systematic review including 166 BrS 
patients undergoing exercise testing.45 ST-segment augmentation 
was observed in 95 of 166 (57%) BrS patients. The ST augmentation 
occurred during early recovery after exercise in 93 Brugada patients, 
whereas 2 patients developed ST augmentation during the effort 
phase of exercise. Exercise unmasked the BrS ECG pattern in 5 
patients. Three patients developed ventricular arrhythmias with 
exercise: 2 developed ventricular tachycardia, and 1 developed multiple 

ventricular extrasystoles. All 3 arrhythmias occurred during early 
recovery after exercise testing and resolved spontaneously. Makimoto 
et al. showed that ST-segment augmentation at early recovery was 
specific in BrS patients, and was significantly associated with a 
higher cardiac event rate, notably for patients with previous episode 
of syncope or for asymptomatic patients.46 On the contrary, Amin et 
al. failed to show significant differences in the ECG variables and 
their changes during exercise between symptomatic (prior syncope) 
and asymptomatic (no prior syncope) BrS patients.47

An infero-lateral early repolarization pattern has been shown to be 
predictive of arrhythmic events.47,49 Tokioka et al. have recently shown 
that the combination of QRS-fragmentation and early repolarization 
pattern enables the identification of high risk patients.23 In a previous 
study, including 290 individuals with BrS, an early repolarization 
pattern manifested as notched or slurred J-point elevation mainly 
in lateral leads was observed in 35 subjects (12%). However, in this 
study, the presence of early repolarization pattern was not associated 
with arrhythmic events during follow-up.50 Finally, the aVR sign, 
defined as R wave ≥0.3 mV or R/q ≥0.75 in lead aVR, has been 
associated arrhythmic events during follow-up.51

Electrophysiological Markers 
Conflicting evidence exists on the prognostic value of 

electrophysiological study (EPS) in asymptomatic BS subjects. 
Previous studies have demonstrated an excellent negative predictive 
value of EPS.17,52 On the contrary, in the PRELUDE registry, a 
negative EPS was not associated with a low risk of an arrhythmic 
event.11 Disagreement also exists regarding the positive predictive 
value of EPS. Data from the Brugada’s series have shown that 
VT/VF inducibility is predictive for future events.14,52,53 However, 
data from other studies do not support the use of EPS in risk 
stratification.10,12,18,19

Important data on the prognostic significance of EPS in BrS are 
coming from Pedro Brugada’s group.29 In their series, patients with 
VF inducibility presented a hazard ratio for events of 8.3. Event free 
survival for the non-inducible group was 99.0% at 1 year and 96.8% 
at 5, 10 and 15 years. Among the inducible patients it was 89.0% 
at 1 year, 78.4% at 5 years and 75.0% at 10 and 15 years. Among 
asymptomatic patients, those without EPS inducibility had an event 
free survival of 100.0% at 1 year, and 99.2% at 5, 10 and 15 years. 
Inducible subject’s event free survival was 90.6% at 1 year and 79.5% 
at 5, 10 and 15 years. EPS inducibility was also significant for the 
asymptomatic subjects. Sensitivity of EPS for predicting arrhythmic 
events was 64.0% and specificity was 86.6%. Positive predictive 
value was 21.6% and negative predictive value 97.7%. If restricted 
to asymptomatic patients, these values increased to a sensitivity of 
75.0% and a specificity of 91.3% and predictive values to 18.2% and 
98.3% respectively.

Based on recent meta-analyses, EPS inducibility appears to have a 
prognostic role in risk stratification of BrS. Faucher et al. performed 
a meta-analysis of 13 studies evaluating the prognostic role of EPS 
in BrS patients according to clinical presentation.21 In the whole 
population of BrS patients, VF inducibility was associated with 
a non significant higher risk of arrhythmic events during follow-
up. However, induction of sustained ventricular arrhythmia was 
significantly and homogeneously associated with an increased risk of 
arrhythmic events during follow-up in patients with syncope (odds 
ratio of 3.30). Similarly, the asymptomatic patients with inducible 
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who denied ICD as well as for treatment of supraventricular 
arrhythmias.6,56,57 Low doses of quinidine are effective to prevent 
the recurrence of VF, including arrhythmic storm, in subjects with 
BrS with an ICD.58 Furthermore, quinidine effectively prevents 
VT/VF induction in patients with BrS at EPS.56,57 Belhassen et 
al. have recently reported the long-term outcomes of BrS patients 
with initially inducible VF at EPS who received quinidine (n=54), 
disopyramide (n=2) or both (n=4) and underwent a second EPS 
procedure. Fifty four patients (90%) were responders to ≥ 1 anti-
arrhythmic drugs and became non-inducible. No arrhythmic events 
occurred during class 1A anti-arrhythmic drugs therapy in any of 
EPS-drug responders and in patients with no baseline inducible VF 
during a very long follow-up period of 113.3±71.5 months.59

Isoprenaline infusion is effective in the management of repeated 
ICD shocks and arrhythmic storms.60 Cilostazol and milrinone 
that boost calcium channel current and quinidine, bepridil and 
the Chinese herb extract Wenxin Keli that inhibit the transient 
outward current may be used to suppress the triggers for VF in 
BrS.6 Nademanee et al. initially showed that catheter ablation of 
fractionated electrograms in the epicardial right ventricular outflow 
rendered VF non-inducible and normalization of the BrS ECG 
pattern.61 Long-term outcomes were excellent, with no recurrent VF 
in all patients off medication. Similarly, in a recent study, following 
catheter ablation and elimination of the functional substrate in right 
ventricular outflow tract, all patients became non-inducible during 
programmed electrical stimulation using up to 3 extrastimuli, while 
repeated flecainide infusion failed to unmask the diagnostic BrS 
ECG pattern.8 Although these findings have to be confirmed in 
future studies, they provide new important information regarding 
the therapeutic management of BrS patients.

Conclusions
Risk stratification of BrS patients represents a great challenge for 

the treating physician. Despite the lack of evidence, it is of major 
importance to make the best risk stratification using every available 
tool/modality that has been shown to display any prognostic 
significance. The diagnostic yield may be therefore increased if we 
use the current tools properly. Although single risk factors display 
limited prognostic value, multiparametric scores appear to improve 
risk stratification.
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