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Several clinical, electrocardiographic (ECG) and electrophysiological markers have been proposed to provide
optimal risk stratification in patients with Brugada syndrome (BrS). Of the different markers, only a spontaneous
type 1 ECG pattern has clearly shown a sufficiently high predictive value. This review article highlights specific
ECG markers based on depolarization and/or repolarization that have been associated with an increased risk of
arrhythmic events in patients with BrS.

© 2017 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The Brugada syndrome (BrS) is considered a primary arrhythmo-
genic disorder associated with increased risk of sudden cardiac death
due to polymorphic ventricular arrhythmias in patients without overt
structural cardiac abnormalities [1,2]. The syndrome is responsible for
4–12% of all sudden deaths and at least 20% of deaths in patients with
structurally normal hearts [3].

There are two main, not necessarily mutually exclusive, mechanisms
on the pathophysiologic basis of BrS: the depolarization and the repolar-
ization hypotheses [4,5], with much insights derived from pre-clinical
animal models [6–10]. According to the depolarization hypothesis, the
delayed depolarization of the right ventricular outflow tract (RVOT)
creates a potential difference between it and the right ventricle. The repo-
larization model is related to the higher level of transmural dispersion of
repolarization, driven by the loss of the spike and dome action potential
morphology at right ventricular epicardium, involving in local and
transmural repolarization alterations leading to phase 2 re-entry [2,11].
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Although the diagnosis of asymptomatic BrS patientsmay be achieved
relatively easily through ECG, the risk stratification of these patients has
still beenoneof themost challenging and - up tonow-unresolved clinical
problems. Currently, guidelines provide clear recommendations for the
management of symptomatic patients [1]. On the contrary, there is no
consensus for the asymptomatic patients and the management depends
on evaluation of different parameters. Several clinical, ECG and electro-
physiological markers have been proposed to provide optimal risk
stratification [1]. This review article briefly describes current knowledge
on the assessment of the risk of arrhythmic events in patients with BrS
based on ECG markers.
2. Brugada syndrome diagnosis and ECG pattern

The diagnosis of BrS is based on the characteristic coved-type
ST-segment elevation in at least one of the right precordial leads V1
and V2 positioned in the 2nd, 3rd or 4th intercostal space (Fig. 1). The
diagnostic type 1 electrocardiogram (ECG) may occur spontaneously
or after drug challenge with a sodium channel blocker (ajmaline,
flecainide, procainamide or pilsicainide) which can convert type 2 or
type 3 to type 1 ECG pattern [1]. Type 2 ECG pattern shows a high
take-off ≥2 mm and a saddleback ST-configuration ≥1 mm, while type
3 pattern is characterized by J-point elevation of b2 mm and either a
saddleback or coved-type ST-segment elevation of ≤1 mm.
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Spontaneous type 1 ECG pattern of BrS in lead V1.
Reproduced from [69] with permission.
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Although the type 1 ECG pattern is diagnostic for BrS, the type 2
pattern requires diagnostic distinction between true BrS and different
clinical entities (myocardial ischemia, pulmonary embolism, electrolyte
abnormalities), the so called Brugada phenocopies [12], which may
develop a similar ECG pattern inmimicking conditions such as coronary
artery dissection [13], myocardial infarction [14], hyperkalaemia [15],
or pulmonary embolism [16]. Therefore, a careful assessment of the
ECG is required in order to make an accurate diagnosis. The use of the
β-angle (≥58°) (Fig. 2) and base of the triangle (Fig. 3) in type 2 Brugada
ECG pattern may distinct a true Brugada ECG from other conditions
with high sensitivity and specificity [17,18].
Fig. 2. Beta angle helps distinguish type 2 Brugada pattern from Brugada phenocopies.
3. High risk ECG markers in Brugada syndrome

There has been evidence that subjects with spontaneous coved type
ECG pattern are at higher risk than those with drug-induced ECG for
arrhythmic events [19,20]. A meta-analysis showed that the presence
of a spontaneous type 1 Brugada ECG predicts a moremalignant natural
history exhibiting a 3-fold to 4-fold increased risk of adverse events
compared to those with a drug-induced Brugada ECG pattern [21]. A
recent meta-analysis reported that the prevalence of a type 1 pattern
was higher in male, Asians, adults, and fever subjects [22]. Of the
different markers, only the presence of a spontaneous type 1 ECG pattern
has clearly shown sufficiently high risk predictive value. Nevertheless, as
reviewed previously [23], fragmented QRS complexes and early
Fig. 3. Base of triangle helps distinguish type 2 Brugada pattern from Brugada phenocopies.
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repolarization are associated with a higher risk of adverse outcomes in
several studies. Additional ECG parameters based on depolarization and/
or repolarization may provide incremental value for risk stratification of
subjects with BrS phenotype [24].

4. Depolarization ECG markers

Among the depolarization ECG markers, the PRELUDE study
confirmed that QRS-fragmentation (f-QRS), defined as the presence of
multiple spikes (fragmented components) within the QRS in precordial
leads V1 and/or V2–V3, is an independent predictor for future arrhyth-
mias in BrS (Fig. 4) [19].Morita et al. reported that fQRS ismore frequently
observed in BrS patients with VF (85%) and syncope (50%) compared to
asymptomatic patients (34%) [25]. Indeed, a meta-analysis conducted
by our group reported that the presence of fQRS was associated with a
3.9-fold increase in the risk of future arrhythmic events in BrS [26].
Tokioka et al. have also found that f-QRS was associated with PQ
and QRS prolongation, demonstrating that depolarization defects in the
atria and/or specialized conduction system, and ventricles are important
factors for ventricular fibrillation (VF) development [27].

Low-amplitude signals in right precordial leads, the so-called epsilon-
like waves have been reported as additional ECG findings of BrS, and
possibly reflect slow conduction in the right ventricle. In particular, we
found that epsilon-like waves in leads V1–V3 were observed in 12.7% of
patients with spontaneous or drug-induced type 1 Brugada ECG pattern,
while localized prolongation (N110 ms) of the QRS complex in leads
V1–V3, QRS duration ratio in (V1 + V2 + V3)/(V4 + V5 + V6) ≥ 1.2, and
prolonged S wave upstroke (N55 ms) in leads V1–V3 were seen in
48.8%, 29.8%, and 40.4% of subjects, respectively (Fig. 5) [28].

A prolonged QRS duration in leads II, V2 and V6 has been associated
with an increased risk for arrhythmic events [29,30]. Ohkubo et al.
have demonstrated that a prolonged QRS duration N120 ms in lead V2

of predicts ventricular arrhythmia and/or syncope in BrS patients [31].
Recently, Calo et al. confirmed the presence of a wide (≥0.1 mV) and/

or large S-wave (≥40ms) in lead I as a powerful predictor of ventricular
arrhythmias. The authors demonstrated that the presence of a wide
S-wave in lead I is related to the delayed activation in the RVOT [32].
Babai et al., have shown that he presence aVR sign which is defined as
Rwave ≥0.3 mVor R/q ≥ 0.75 in lead aVR,may reflectmore right ventric-
ular conduction delay and consequently increased risk for development
of arrhythmic events in BrS patient [33].

Additional studies showed that the presence of late potentials (LPs)
detected by signal-averaged ECG is associated with increased risk of
arrhythmic events. Huang et al. reported more frequent detection of
LPs in symptomatic than asymptomatic patients with BrS (91.7% vs
36.8% respectively) andmore arrhythmic events in patients with positive
LPs (72.4%) than in thosewithout LPs (14.3%) during amean follow-up of
Fig. 4. Fragmented
Reproduced from [
33.8 months [34]. Moreover, a prospective study of 124 patients from
Japan found that LPs by signal-averaged ECGs had a 92% sensitivity
but only 46% specificity for the endpoint of sudden death or ventricular
tachyarrhythmias [35]. Nevertheless, LPs alone in both symptomatic
and asymptomatic patients show limited prognostic value. We believe
that LP could be a powerful risk stratification tool when used with other
specific ECG markers. For example, the same prospective study found
that when LPs were combined with spontaneous change in the ST
segment, the specificity increased to 72% with a slight decrease in
sensitivity to 82% [35].

5. Repolarization ECG markers

Among the repolarization ECGmarkers, the presence of inferolateral
early repolarization (ER) pattern triplicates the risk of future arrhythmic
events in BrS patients (Fig. 6) [27,36]. BrS and ER syndrome display sev-
eral clinical and pathophysiological similarities [37,38]. The ER pattern
in inferior and/or lateral leads is frequently seen in BrS (12–15%) and
several studies demonstrated the association between the presence of
ER pattern and the risk of malignant arrhythmic events [39–41]. In a
multicentre study, Takagi et al. confirmed a higher incidence of cardiac
events in BrS patients with J wave in multiple leads and horizontal
ST-segment morphology after J wave may indicate a highly arrhythmo-
genic substrate in patients with BS than those without ER pattern [40].
Our group has recently conducted a meta-analysis on the prognostic
significance of ER pattern in BrS. Overall, BrS patients with ER pattern
displayed an increased risk of arrhythmic events compared to patients
without ER (odds ratio [OR]: 3.29) [36].

A prolonged QTc interval, which reflects delayed cellular repolariza-
tion, has been associated with an increased risk for VF/sudden cardiac
death [27,42,43]. Moreover, an exacerbated transmural dispersion of
repolarization across the ventricular myocardium has been suggested to
underlie arrhythmogenesis in BrS [44,45]. These are reflected by a longer
interval between the peak and the end of the T wave (Tpeak-Tend interval)
[46], a higher Tpeak-Tend/QT ratio, a higher Tpeak-Tend dispersion in precor-
dial leads, all of which are observed in BrS patients with recurrent
arrhythmic events [43]. Similarly, Maury et al. showed that the Tpeak-Tend
interval is highly related to arrhythmic events of the BrS patients; they
reported that an increased Tpeak-Tend interval and dispersion was signifi-
cantly higher in patients with sudden death and appropriate ICD thera-
pies [47]. Additionally, Zumhagen et al. reported that Tpeak-Tend interval
and Tpeak-Tend/QT ratio in V1 were higher in high-risk BrS patients
than in other BrS patients [48]. However, the largest retrospective
study to date did not demonstrate significant differences in Tpeak-Tend,
Tpeak-Tend/QT, maximum Tpeak-Tend, and Tpeak-Tend dispersion between
asymptomatic patients and those with syncope and malignant arrhyth-
mias [49]. Nevertheless, a recent meta-analysis conducted by our group
QRS complex.
27] with permission.



Fig. 5. Baseline (top) and after drug challenge (bottom) electrocardiographic tracings showing spontaneous epsilon-like waves (arrows) in subjects with Brugada phenotype.
Reproduced from [28] with permission.
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found that prolonged Tpeak-Tend was associatedwith a 5.6-fold increase in
the risk of ventricular tachycardia, ventricular fibrillation and/or sudden
cardiac death in BrS [50]. Although Tpeak-Tend/QT ratio, Tpeak-Tend disper-
sion and more complex derivations of Tpeak-Tend interval are also predic-
tive of arrhythmogenesis, it is unclear whether these have better
sensitivity or specificity when compared to Tpeak-Tend interval alone
[49,51–53]. Since Tpeak-Tend interval is simpler and less difficult to
calculate, we would recommend its use as a surrogate marker for higher
dispersion of repolarization [54]. It should be noted that although
Tpeak-Tend interval correlateswith transmural dispersion of repolarization,
experimental studies suggest that is a marker of global dispersion,
because Tpeak and Tend coincidedwith earliest and latest end of repolariza-
tion, respectively [46,54–56].

In addition to the static substrates mentioned above, dynamic
factors are also important for initiation or maintenance of ventricular
arrhythmias [57]. Firstly, T-wave alternans (TWA) has been reported
in patients with BrS after sodium channel blocker administration. The
investigators found that patients with TWA had a significantly higher
incidence of spontaneous VF and syncope than patients without TWA
[58]. Furthermore, ECG changes in patients with BrS during the exercise
testing are of great prognostic importance. Makimoto et al. showed that
augmentation of ST-segment elevation during recovery time of the
exercise testing can be observed in patients BrS with high specificity
and can be associated with a higher cardiac event rate particularly for
patients with syncope alone and for asymptomatic patients [59].

6. Atrial and atrioventricular conduction abnormalities

First degree atrioventricular block (AVB) is frequent in patients with
BrS and independently associated with sudden death or appropriate



Fig. 6. Inferolateral early repolarization pattern.
Reproduced from [36] with permission.
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implantable cardioverter-defibrillator therapies [70]. Miyamoto et al.
showed that a PQ ≥ 170ms in lead V1 wan an independent risk factor of
arrhythmic events associated with poor prognosis [60]. Finally, atrial ar-
rhythmias and mainly atrial fibrillation often occurred in subjects with
BrS [61]. Spontaneous atrialfibrillationhas been associatedwith ahigh in-
cidence of syncopal episodes and documented ventricular fibrillation in
BrS patients [42].

7. Concluding remarks

Although several ECG findings were found to correlate with an in-
creased risk for malignant arrhythmic events, their sensitivity, specificity
and accuracy are relatively low with limited prognostic value. Moreover,
due to the relative scarcity of prospective studies, much of the evidence
came from retrospective data, which may have higher degrees of bias.
However, the combination of specific depolarization and repolarization
abnormalities seems to providemore reliable risk stratification in asymp-
tomatic BrS patients. The development of multiparametric risk scores
assessing different clinical factors, genetic status, standard ECG parame-
ters, ECG imaging and invasive electrophysiologicalmappingmayprovide
more accurate risk stratification [62–68]. Further prospective studies
may be needed to establish a more definite diagnostic model in order to
identify high risk patients with BrS.
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