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SYSTEMATIC REVIEW AND META-ANALYSIS

Standard ECG in Brugada Syndrome 
as a Marker of Prognosis: From Risk 
Stratification to Pathophysiological Insights
Francesco Vitali, MD*; Alessandro Brieda , MD*; Cristina Balla , MD, PhD; Rita Pavasini , MD;  
Elisabetta Tonet, MD; Matteo Serenelli, MD; Roberto Ferrari, MD, PhD; Pietro Delise, MD;  
Claudio Rapezzi, MD, PhD; Matteo Bertini , MD, PhD

BACKGROUND: The 12-lead ECG plays a key role in the diagnosis of Brugada syndrome (BrS). Since the spontaneous type 1 
ECG pattern was first described, several other ECG signs have been linked to arrhythmic risk, but results are conflicting.

METHODS AND RESULTS: We performed a systematic review to clarify the associations of these specific ECG signs with the risk 
of syncope, sudden death, or equivalents in patients with BrS. The literature search identified 29 eligible articles comprising 
overall 5731 patients. The ECG findings associated with an incremental risk of syncope, sudden death, or equivalents (hazard 
ratio ranging from 1.1–39) were the following: localization of type 1 Brugada pattern (in V2 and peripheral leads), first-degree 
atrioventricular block, atrial fibrillation, fragmented QRS, QRS duration >120 ms, R wave in lead aVR, S wave in L1 (≥40 ms, 
amplitude ≥0.1 mV, area ≥1 mm2), early repolarization pattern in inferolateral leads, ST-segment depression, T-wave alternans, 
dispersion of repolarization, and Tzou criteria.

CONCLUSIONS: At least 12 features of standard ECG are associated with a higher risk of sudden death in BrS. A multiparametric 
risk assessment approach based on ECG parameters associated with clinical and genetic findings could help improve current 
risk stratification scores of patients with BrS and warrants further investigation.

REGISTRATION: URL: https://www.crd.york.ac.uk/prosp​ero/. Unique identifier: CRD42019123794.

Key Words: arrhythmias ■ arrhythmic risk stratification ■ Brugada syndrome ■ electrocardiogram

The 12-lead ECG plays a pivotal role in the di-
agnosis of Brugada syndrome (BrS). ECG signs 
of right bundle branch block with persistent el-

evation of the ST-segment and T-wave inversion in 
the right precordial leads were first identified in 1953 
by Osher and Wolff as a normal variant ECG pat-
tern.1 A few decades later, an association between 
this ECG pattern and sudden cardiac death (SCD) 
was described in young adults without cardiac dis-
ease, and in 1992 Pedro and Josep Brugada out-
lined a new “distinct clinical and electrocardiographic 

syndrome.”2,3 Despite increasing knowledge of the 
epidemiology and pathogenesis of BrS, the risk 
stratification remains challenging. Clinical signs such 
as a previous unexplained syncope and sponta-
neous type 1 ECG pattern in patients with a history 
of aborted cardiac death or sustained ventricular 
tachycardia (VT) are to date the only objective data 
to identify patients at high arrhythmic risk.3 Presence 
of a family history of SCD is of uncertain value.4 The 
predictive role of electrophysiological examination to 
evaluate the arrhythmic risk in these patients remain 

Correspondence to: Cristina Balla, MD, PhD, Cardiology Unit, Azienda Ospedaliero-Universitaria S. Anna, Via A. Moro 8, Ferrara-Cona (FE), Italy. E-mail: 
cristina.balla@unife.it

For Sources of Funding and Disclosures, see page 14.

Supplementary Material for this article is available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.121.020767

*F. Vitali and A. Brieda contributed equally.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-7849-1319
https://orcid.org/0000-0003-2110-8961
mailto:﻿
https://orcid.org/0000-0002-1763-9711
https://orcid.org/0000-0002-5285-7140
http://www.crd.york.ac.uk/prospero/
mailto:cristina.balla@unife.it
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.020767
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e020767. DOI: 10.1161/JAHA.121.020767� 2

Vitali et al� Prognostic ECG Signs in Brugada Syndrome

uncertain,5-9 and it should be used with caution.10 
Unfortunately, even genetic analysis of BrS has not 
yet made a significant contribution to risk stratifica-
tion. Currently the single most frequent gene involved 
in the pathogenesis of the syndrome is SCN5A (so-
dium voltage-gated channel alpha subunit 5), but it is 
found in only 25% of patients with BrS.11,12 Mutations 
in the SCN5A gene causing truncation or inactivation 
of the Nav1.5 protein combined with a history of SCD 
in young relatives are so far the only clinical-genetic 
data with prognostic significance.11

Several studies have investigated the prognostic 
value of qualitative and quantitative ECG features in 
the presence of the Brugada pattern, but with con-
flicting results. A possible explanation relates to the 
dynamic nature of the ECG pattern in BrS, which 
limits the prognostic value of ECG in these patients. 
We performed a systematic review of the literature on 
the spectrum of ECG signs associated with negative 

prognosis in BrS to quantify the incremental risk 
of each sign and to unravel the electrogenetic and 
pathophysiologic mechanisms underlying the differ-
ent ECG features.

METHODS
The authors declare that all supporting data are avail-
able within the article (and its supplementary files).

Search Strategy
We conducted the systematic review according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines.13-15 Two reviewers (A.B., 
F.V.) elaborated the search strategy in November 2019. 
The search terms used were the following: ((ECG) 
OR (EKG) OR (electrocardiogram) OR (electrocardio-
graphic)) AND ((sign) OR (predictor) OR (marker)) AND 
(Brugada) AND ((sudden death) OR (death) OR (syn-
cope) OR (arrhythmia) OR (ventricular fibrillation) OR 
(ventricular tachycardia)). The databases analyzed 
were PubMed and EMBASE. Only articles published in 
English and in peer-reviewed journals were eligible for 
inclusion. A total of 3 independent reviewers (A.B., F.V., 
M.S.) analyzed the records and decided those that 
warranted full-text analysis. The same reviewers (A.B., 
F.V., M.S.) independently analyzed the references of 
all the evaluated articles to identify other articles not 
found through the database search. Disagreement 
was resolved by consensus. The protocol of this sys-
tematic review was registered in the PROSPERO in-
ternational prospective register for systematic reviews 
(registration number CRD42019123794).

Selection Criteria
Studies were eligible for selection only if they (1) were 
an observational or interventional trial in patients with 
BrS and (2) contained data on ECG signs and arrhyth-
mic events, syncope, cardiac arrest, SCD, and/or im-
plantable cardioverter defibrillator (ICD) interventions 
during follow-up. We excluded (1) duplicate reports, (2) 
reports with a duplicated sample size, (3) case report/
series, (4) review articles, and (5) articles with no out-
come of interest.

Data Extraction and End Points
The reviewers recorded the following information for 
each article: journal, year of publication, sample char-
acteristics including events at enrollment, outcome, 
ECG signs related to prognosis with hazard ratios 
(HRs) or odds ratios (ORs), and sensitivity/specificity 
when available. The primary outcome of the systematic 
review was to synthesize the relationship of specific 
ECG signs of BrS with “arrhythmic risk” defined as the 

CLINICAL PERSPECTIVE

What Is New?
•	 Despite increasing knowledge of the epidemi-

ology and pathogenesis of Brugada syndrome, 
risk stratification remains challenging.

•	 Several different ECG markers of ventricular de-
polarization and repolarization have emerged 
over time but with variable and conflicting 
results.

•	 We quantitatively evaluated the incremental risk 
of 12 different ECG signs identified as high-risk 
markers in Brugada syndrome.

What Are the Clinical Implications?
•	 A multiparametric risk assessment approach 

based on ECG parameters associated with 
clinical and genetic findings could help im-
prove the current risk stratification scores 
of Brugada syndrome and warrants further 
investigation.

Non-standard Abbreviations and Acronyms

AVB	 atrioventricular block
BrS	 Brugada syndrome
ER	 early repolarization
fQRS	 fragmented QRS
SCD	 sudden cardiac death
SCN5A	 sodium voltage-gated channel alpha 

subunit 5
Tp-e	 Tpeak-Tend
TWA	 T-wave alternans
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risk of syncope, cardiac arrest, SCD, or appropriate 
ICD interventions during follow-up.

Quality Assessment and Data Synthesis
A total of 2 unblinded reviewers (A.B., F.V.) analyzed the 
quality of the full texts based on the methodological 
index for non-randomized studies (MINORS) criteria,16 
resolving any discrepancies by consensus (Table S1). 
No study was excluded because of the analysis. The 
reviewers provided a descriptive synthesis of the results.

RESULTS
The literature search identified 231 records. After 
screening, we excluded 194 articles because of a lack 
of outcomes of interest (Figure  1). The remaining 29 
articles were analyzed as full-text and were included in 

the qualitative analysis (Table).6,17-44 The Table1 reports 
the following details of the articles: journal and year 
of publication, number of patients, number of events, 
study type, and enrollment period. Figure 2 summa-
rizes the ECG markers analyzed by each study with 
outcomes.

We found 12 different ECG signs associated with 
an incremental arrhythmic risk such as syncope, car-
diac arrest, SCD, or appropriate ICD interventions 
during follow-up (HR ranging from 1.1–39). These signs 
were localization of type 1 Brugada pattern outside 
the right precordial leads, first-degree atrioventricu-
lar block (AVB), atrial fibrillation (AF), fragmented QRS 
(fQRS), QRS duration >120 ms, R wave in lead aVR, S 
wave in L1 (≥40 ms, amplitude ≥0.1 mV, area ≥1 mm2), 
early repolarization (ER) pattern in inferolateral leads, 
ST-segment depression, T-wave alternans (TWA), dis-
persion of repolarization, and Tzou criteria. These ECG 

Figure 1.  Summary of the search strategy. 
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signs and their putative electrogenetic mechanisms 
are summarized in Figure 3. Representative ECG pic-
tures can be found in Figures S1 to S5.

DISCUSSION
In this systematic review of the literature on Brugada 
ECG pattern (BrS type 1 ECG), we quantitatively 
evaluated the incremental risk related to a spectrum 
of ECG features and provide some insights into the 
pathophysiology of BrS. Before discussing the dif-
ferent ECG signs and their relative prognostic im-
plications, the following general points need to be 
considered:

1.	 Unlike other channelopathies in which the extent 
of the primary pathogenetic alteration is directly 
related to the prognosis (typically the length of 
QT in long QT syndromes), in the case of BrS, 
the severity of the ST-T alterations of the type 1 
pattern has not a defined role for the prognosis.

2.	 The diagnosis of BrS is based on a single element 
of standard ECG, the so-called type 1 pattern. 
However, a very broad spectrum of ECG changes 
is present, with variable frequency and clinical 

significance. This makes the disease—which still 
lacks precise nosographic boundaries—even more 
challenging and intriguing.

3.	To explain such a broad spectrum of ECG mani-
festations, it is necessary to hypothesize other 
mechanisms besides the main mechanism underly-
ing the type 1 ECG Brugada pattern, such as the 
epi-endocardial gradient in myocells of the right 
ventricular outflow tract (RVOT) attributed to loss of 
function of the sodium current.

Spontaneous Type 1 ECG Pattern in 
Leads Other Than the Right Precordial
The type 1 ECG pattern is defined for diagnostic 
purposes as an ST-segment elevation ≥2 mm in ≥1 
right precordial lead (V1–V3) followed by a concave 
or straight ST segment with a negative symmetric T 
wave.45 A spontaneous type 1 ECG pattern in the 
right precordial leads is the only ECG sign with a 
clearly established association to arrhythmic risk.17 
A retrospective analysis of 54 patients with BrS 
enrolled at Hiroshima University Hospital with and 
without histories of ventricular fibrillation (VF) dem-
onstrated that the spontaneous type 1 ECG pattern 

Figure 2.  Summary of the studies included and the main outcomes.
D-I, drug induced; S, spontaneous; SCD, sudden cardiac death; VF, ventricular fibrillation; VTA, ventricular arrhythmias; and VT: 
ventricular tachycardia.
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in lead V2 was an independent predictor of VF.18 In a 
prospective study investigating the association be-
tween SCN5A mutations and VF in patients with BrS, 
Nishii et al19 showed a strong correlation between 
SCN5A mutations, spontaneous type 1 ECG and VF 
recurrence. Results from the FINGER BrS registry 
showed that symptoms and spontaneous type 1 pat-
tern were the only risk factors predictive of arrhyth-
mic events in BrS.20 In the PRELUDE (programmed 
electrical stimulation predictive value) registry, Priori 
et al6 prospectively demonstrated in 308 asympto-
matic patients with spontaneous or drug-induced 
type 1 ECG pattern that the spontaneous type 1 

pattern was an independent and strong predictor of 
arrhythmic events (HR, 4.2).

The type 1 Brugada pattern has also been inves-
tigated in other leads besides the right precordial 
leads. Rollin et al21 retrospectively analyzed 323 as-
ymptomatic patients with BrS and found a higher rate 
of SCD and appropriate ICD therapy in patients with 
a spontaneous or drug-induced type 1 pattern in at 
least 1 peripheral lead compared with those with-
out peripheral lead abnormalities (OR, 4.58; 95% CI, 
1.7–12.32; P=0.0025). Interestingly, they also showed 
that patients with type 1 ECG in the peripheral leads 
more often had SCN5A gene mutations, higher 

Figure 3.  Schematic representation of the ECG markers analyzed for BrS. BrS indicates Brugada syndrome.
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J-wave amplitude in the right precordial leads, and 
a slower heart rate.46 Although it is well known that 
the ECG pattern in BrS is dynamic and influenced by 
time, these data suggest that its finding also in leads 
other than the right precordial may be the expression 
of a higher grade of SCN5A channel disfunction and 
thus of a greater volume of tissue experiencing the 
electrogenic alteration.

First-Degree AVB
First-degree AVB is seen at presentation in 16.5% to 
40% of patients with BrS.22,23 The relevance of the PR 
interval in BrS is a consequence of the strong associa-
tion between mutation in the SCN5A gene and sodium 
channel dysfunction causing atrio-ventricular (AV) con-
duction disturbance. SCN5A mutations have a wide 
phenotypic spectrum of clinical presentations other 
than BrS, including dysfunction of the cardiac conduc-
tion system at different levels, AF, sick sinus syndrome, 
and even Lenègre-Lev disease.22

Two studies analyzed the role of a prolonged PR 
interval, defined as PR≥200 ms, in predicting tach-
yarrhythmia events. In a multicenter study on 325 
patients with BrS, spontaneous type 1 ECG pattern 
and first-degree AVB (PR≥200 ms) were associated 
with an increased risk of SCD and appropriate ICD 
therapies.22 Migliore et al23 confirmed this finding in 
a study on 272 patients with BrS with spontaneous 
or drug-induced type 1 Brugada ECG pattern. At 
multivariate analysis, spontaneous type 1 ECG pat-
tern and first-degree AVB (PR>200  ms) at baseline 
were strongly linked to SCD and appropriate ICD in-
terventions (HR, 4.65; 95% CI, 2.34–19.1; P=0.002). 
Considering this evidence, it is plausible to look at 
PR interval prolongation as a marker of greater im-
pairment of the sodium currents in the conduction 
system beyond the RVOT involvement.

Atrial Fibrillation
Paroxysmal AF is more frequent than spontaneous AF 
in patients with BrS, and the presence of spontane-
ous AF is associated with a more severe phenotype.47 
Prevalence of AF in patients with BrS ranges from 5% 
to 15 %.24,25

A total of 3 studies evaluated the correlation be-
tween AF and higher incidence of ventricular ar-
rhythmias in patients with BrS. The Japan Idiopathic 
Ventricular Fibrillation Study showed in 188 consecu-
tive symptomatic patients with BrS that the presence 
of a previous history of AF was higher in patients who 
experienced VF.24 In a recent study, this finding was 
confirmed in 347 consecutive patients with type 1 
ECG pattern and no previous cardiac arrest, where 
a history of AF was an independent risk factor for 
VF/SCD (HR, 3.70; 95% CI, 1.59–8.73; P=0.0024).25 

Morita et al26 showed that the presence of parox-
ysmal AF in patients with BrS with previous VF or 
syncope is a strong predictor for VF recurrence. The 
presence of AF or other conduction disorders is usu-
ally linked to a more aggressive phenotype. Similar 
to PR interval prolongation, the presence of AF is re-
lated to severe impairment of sodium channels and 
may be the expression of a diffuse extension of the 
sodium current impairments beyond the RVOT and 
into the atrial myocardium.

Fragmented QRS
Fragmented QRS (fQRS) is defined as an abnormal 
fragmentation within the QRS complex character-
ized by multiple notching of the R and S waves or the 
presence of more than 1 R’ wave. This ECG finding 
may underlie the presence of myocardial fibrosis.26,48 
It has been hypothesized that in BrS the presence of 
fQRS represents an epicardial repolarization hetero-
geneity of the RVOT or even of structural alterations 
(myocarditis/fibrofatty infiltration) resulting in a sub-
strate for VF. High prevalence of fQRS is reported 
in both asymptomatic (6%–20%) and symptomatic 
(30%–40%) patients with BrS.6,26,27 In animal models, 
delayed electrical activation of a large ventricular mass 
can cause multiple spikes on the QRS complex in the 
surface ECG. A strong association between fQRS in 
the V1 to V3 leads, presence of SCN5A mutations, 
and syncope was reported in 115 asymptomatic and 
symptomatic patients with BrS.27 The same authors 
showed in a population of 471 patients with BrS that 
fQRS predicted VF recurrence in both symptomatic 
and asymptomatic patients (asymptomatic HR, 5.88; 
95% CI, 1.55–38.26 [P=0.007]; symptomatic HR, 8.15; 
95% CI, 2.87–34.18 [P<0.0001]); in addition, fQRS was 
confirmed as an independent predictor of prognosis in 
symptomatic patients.26

We believe that the presence of fQRS may be a 
marker of concomitant structural alteration and repo-
larization heterogeneity with inhomogeneous conduc-
tion of action potentials through the myocardium, thus 
its presence should be interpreted as a sign of a deeply 
altered substrate.

QRS Duration
The importance of a prolonged QRS duration in BrS 
is linked to the “depolarization hypothesis,” according 
to which abnormal depolarization coexists with repo-
larization abnormalities in determining the arrhythmic 
substrate. The prolonged QRS in this hypothesis is 
attributed to sodium current dysfunction mainly in the 
conduction system and specifically in the His-Purkinje 
system. Junttila et al28 found a strong correlation in 
patients with BrS between prolonged QRS duration 
(<120 ms) in leads II and V2 and prior symptoms such 
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as syncope. In the same study, prolonged QRS du-
ration (≥120 ms) in V2 was strongly associated with a 
history of SCD, VF, and VT (OR, 2.6; 95% CI, 1.4–4.8; 
P=0.004).28 A Japanese study on 35 patients with BrS 
confirmed these correlations.29

Once again, the involvement of the conduction 
system in BrS expressed by the QRS prolongation is 
linked to poor prognosis.

R Wave in Lead aVR
The importance of the aVR lead consists in its ability to 
explore the RVOT. A critical analysis of the morphology 
of this lead in BrS can provide a series of useful infor-
mation. In 2007, Babai Bigi et al30 first identified the aVR 
sign in 24 male patients with mixed BrS. The authors 
defined as a significant aVR sign an R wave ≥0.3 mV 
or R/q ratio ≥0.75 in the aVR lead. Despite the small 
cohort of patients, in the presence of the type 1 ECG 
pattern, the aVR sign appeared to be associated with 
syncope, VT/VF, and aborted SCD.30 This initial finding 
was not confirmed in 2 larger studies, where the aVR 
sign was not related to syncope, VT/VF, or aborted 
SCD.22,28 In 2017, a retrospective Dutch study on 132 
patients with BrS from the ENCODER (Evaluation of 
Cardiogenetic Disease and Effectiveness of Screening) 
project found an R wave >0.3 mV in the aVR lead to 
be an independent predictor for ventricular tachyar-
rhythmia development (OR, 4.8; 95% CI, 1.79–13.27; 
P=0.002) but with moderate sensitivity and specificity 
(area under the curve, 0.7; sensitivity, 63%; specific-
ity, 77%).31 A positive aVR sign was highly prevalent in 
patients with BrS who were asymptomatic (26%) and 
symptomatic (60%). A high R wave in the aVR lead may 
be the sign of a pronounced conduction defect in the 
RVOT.

S Wave in the Lateral Leads
Lateral leads such as L1 and aVL are complemen-
tary to aVR in the exploration of RVOT depolarization 
and repolarization. The depolarization of the RVOT 
and basal region of the ventricles generates the third 
electrocardiographic vector of the QRS complex. 
Delayed depolarization in those areas leads to a deep 
S wave in L1 and aVL. In a prospective study on 347 
consecutive patients with BrS with spontaneous type 
1 ECG pattern, Calò et al25 found that the presence 
of an S wave in lead I≥40 ms (HR, 39.1; 95% CI, 5.34–
287.1; P<0.0001) with amplitude ≥0.1 mV (HR, 13.3; 
95% CI, 4.05–43.72; P<0.0001) and area ≥1  mm2 
(HR, 17.1; 95% CI, 1.59–8.69; P<0.0001) strongly 
predicted VF and SCD during follow-up with good 
sensitivity (S amplitude >0.1 mV, 90.6%; S duration 
>40  ms, 96.9%) but low specificity.25 Moreover, an 
S wave ≥0.1 mV and/or ≥40 ms in lead I was found 
to be significantly more frequent in patients with BrS 

who were symptomatic than patients with BrS who 
were asymptomatic (prevalence 96% versus 55%, 
respectively).25,50 In the same study focused on an in-
flammation hypothesis in BrS, 30 patients underwent 
electroanatomic mapping and RVOT endomyocardial 
biopsy, and the evidence showed a higher rate of my-
ocardial inflammation in patients who were sympto-
matic with a positive electrophysiological study than 
in patients who were asymptomatic. The presence of 
a pronounced S wave in the lateral leads is caused 
by the same process underlying a high R wave in 
aVR, probably a zonal conduction block in the RVOT.

ER Pattern
An ER pattern, defined as a J-point elevation of at 
least 1 mm above the baseline terminal QRS notch-
ing in at least 2 consecutive inferior or lateral leads, 
is a common electrocardiographic sign in the general 
population, with an estimated prevalence of 1% to 5% 
in healthy adults.51 In the past, it was considered a be-
nign electrocardiographic finding, but several reports 
have recently suggested an association between idi-
opathic VF and ER in the inferior and/or lateral leads 
of the ECG.52

In 2009, Sarkozy et al32 investigated the prevalence 
and characteristics of spontaneous or drug-induced 
inferolateral repolarization abnormalities in a large un-
selected population of patients with BrS. Patients with 
inferolateral spontaneous ER more frequently had a 
spontaneous type 1 ECG pattern, had a more severe 
phenotype, and were less likely to be asymptomatic at 
first presentation.

Kawata et al33 investigated the prevalence and 
prognostic significance of ER in the inferolateral leads 
in 49 patients with BrS with documented VF and ICD 
implanted for secondary prevention. ER was observed 
persistently or intermittently in nearly half of the patients 
(in at least 1 but not in all ECGs). During follow-up, re-
currence of VF occurred in all patients with a persistent 
ER pattern, in 75% of the patients with an intermittent 
ER pattern, and in 44% of those without ER. The pres-
ence of either persistent or intermittent ER in an in-
ferolateral lead was an independent predictor of fatal 
arrhythmic events (persistent ER: HR, 4.88; 95% CI, 
2.02–12.7 [P=0.0004]; intermittent ER: HR, 2.50; 95% 
CI, 1.03–6.43 [P=0.04]).

ST-Segment Depression
ST-segment depression is more frequently associated 
with acute coronary syndromes attributed to either 
acute ischemia or acute myocardial infarction. This 
electrocardiographic pattern, however, can also ap-
pear in patients with nonischemic events such as left 
bundle branch block and left ventricular hypertrophy 
and in patients with therapeutic digitalis levels.
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In 2009, Shimeno et al34 first studied ST-segment 
behavior in patients with BrS. They systematically 
measured the amplitude of the ST segment 20  ms 
and 40 ms after the r’ wave and found the descending 
rate of the ST segment to be a noninvasive predictor 
of positive provocative drug testing. The positive and 
negative predictive values of the descending rate of the 
ST segment in lead V2 in the third intercostal space 
(defined as the difference between the amplitude of the 
peak of the r’ wave and the amplitude 20 ms after the r’ 
wave divided by the difference between the amplitude 
of r’ wave and the bottom of the ST segment) were 
92.3% and 81.8%, respectively. Crea et al35 analyzed 
the ECG features in the inferior leads in a cohort of 87 
patients with type 1 spontaneous ECG Brugada pat-
tern. ST-segment depression (≥0.1  mV with duration 
≥0.08 s) was present in 41 cases (47%). Notably, in 21 
patients, the Brugada type 1 pattern was recogniz-
able only at the second or third intercostal space: 10 
of them (48%) presented a significant ST depression 
in the inferior leads. The origin of this particular sign is 
difficult to interpret from a pathophysiological point of 
view and is still under debate.

T-Wave Alternans
TWA is not discernible from standard ECG but usually 
derived from ECG-Holter. The definition of TWA is the 
beat-to-beat variation in the shape or amplitude of the 
T wave. In several heart diseases, TWA is a strong pre-
dictor of SCD. The pathophysiology of TWA is not yet 
clearly established, but several studies have demon-
strated that it reflects a spatial or temporal dispersion 
of repolarization that may predispose to a higher risk 
of ventricular tachyarrhythmia, including polymorphic 
VT or VF.54

Macroscopic TWA sometimes appears after the 
administration of a sodium channel blocker or during 
a febrile state in patients with BrS. Tada et al36 inves-
tigated the association between the presence of TWA 
after pilsicainide administration and the occurrence 
of adverse events such as syncope or spontaneous 
VF and identified TWA as an independent predictor 
of spontaneous VF. This association between VF and 
TWA was confirmed by Uchimura-Makita et al (OR, 
7.217; 95% CI, 2.503–35.504; P=0.002) with good sen-
sitivity and specificity.37

Sakamoto et al further investigated the utility of 
TWA as a risk stratification marker of arrhythmia 
events and found significantly greater max-TWA 
(measured at the third intercostal spaces) during the 
night in patients with a history of syncope or VF.38,39 
Multivariate analysis revealed that a max-TWA ≥20 μV 
during the night and a previous history of VF were 
independent predictors of future VF episodes. The 
authors suggested that max-TWA may be a useful 
predictor of VF in patients with BrS.

Dispersion of Repolarization
Transmural dispersion of repolarization within the ven-
tricular myocardium has been suggested as 1 of the 
main features characterizing arrhythmogenesis in BrS; 
several studies have investigated different parameters 
of dispersion of repolarization as possible predictors of 
arrhythmic risk in patients with BrS40-43:

1.	 Tpeak-Tend (Tp-e) interval, defined as the time 
difference between the peak and the end of the 
T wave in the precordial leads during a single 
beat

2.	 Tp-e dispersion
3.	Tp-e maximum value
4.	Tp-e/QT ratio
5.	QTc prolongation and QT dispersion

Castro Hevia et al40 tested the Tp-e interval in patients 
with BrS and showed that the Tp-e interval and Tp-e 
dispersion were significantly prolonged in patients with 
arrhythmia recurrences. The study demonstrated also 
a significant correlation between previous events, QTc 
prolongation in V2, Tp-e, and Tp-e dispersion and the 
occurrence of life-threatening arrhythmic events, sug-
gesting that these parameters may be useful for risk 
stratification of patients with BrS.

In patients with spontaneous or drug-induced type 
1 BrS pattern who underwent programmed ventricu-
lar stimulation,41 those with inducible VT/VF displayed 
an increased Tp-e interval in leads V2 and V6 and a 
greater Tp-e /QT ratio in lead V6.

The utility of Tp-e interval as a marker of arrhyth-
mic risk in BrS was further investigated in patients 
with BrS with spontaneous or drug-induced type 1 
BrS pattern.42 Tp-e measured in V1 to V4, Tp-e max-
imum value, and Tp-e dispersion were significantly 
higher in patients with SCD/appropriate ICD therapies 
or in patients with syncope compared with patients 
who were asymptomatic. At multivariate analysis, a 
maximum Tp-e≥100  ms was independently related 
to arrhythmic events (OR, 9.61; 95% CI, 3.13–29.41; 
P<0.0001).

Recently, Morita et al26 showed that the Tp-e inter-
val (≥95 ms) was a predictor of VF in patients who were 
asymptomatic and symptomatic, whereas a long QT 
interval (≥420 ms) was a predictor of VF in the symp-
tomatic group only.

Mugnai et al43 evaluated the association between 
parameters of dispersion of repolarization (Tp-e, Tp-e/
QT, Tp-e dispersion, QTc, and QTd) and VF/SCD in a 
large cohort of patients with type 1 BrS but found no 
significant differences in Tp-e, Tp-e/QT, Tp-e/QT ratio, 
maximum Tp-e, and Tp-e dispersion between patients 
who were asymptomatic and those with syncope and 
malignant arrhythmias.
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All of these ECG signs reflect transmural dispersion 
of repolarization among different myocardial regions 
and appear to be related to electrical instability and/or 
structural alterations in BrS as in other cardiovascular 
diseases.

Tzou Criteria
Tzou criteria—defined as V1R >0.15 mV, V6S >0.15 mV, 
and V6 S:R>0.2—have been described as predictive 
of malignant arrhythmias in patients with nonischemic 
cardiomyopathy.52 The presence, in patients with BrS, 
of a right anterosuperior area of conduction block de-
termining an rS pattern in lead V1 and a prominent S 
wave in lead V6 prompted an investigation of the util-
ity of Tzou criteria for predicting arrhythmic events in 
patients with BrS.44 In 147 patients with BrS (79% with 
spontaneous pattern), 20% of them developed ventric-
ular tachyarrhythmia (either documented history or de 
novo). Positive Tzou criteria were present in 37 patients 
(25%), 63% of whom were symptomatic. Multivariable 
regression analysis revealed the independent predictive 
value of Tzou criteria for ventricular arrhythmias. On the 
other hand, Calò et al25 in their study on 347 patients 
with spontaneous type 1 Brugada pattern found no 
significant difference in any of the Tzou criteria between 
patients subdivided into 3 groups according to the pres-
ence or not of syncope and/or documented VF/SCD.

The presence of Tzou criteria seems to be related 
to a right anterosuperior conduction block, therefore it 
may express the presence of a conduction block in the 
RVOT (identified by high R wave in aVR and large and 
deep S wave in DI–aVL).

LIMITATIONS
A major limitation of this study is the heterogeneity of 
the input data because of differences in methodology, 
population, and ethnicity. Variabilities in the ascertain-
ment of ECG markers and adjudication of the out-
comes may affect the quality of the overall data.

Our systematic review considered the overall data of 
the published series. We didn’t go into detail about spe-
cific issues regarding subgroups such as women and 
children, who have a very challenging risk profile.53-55 In 
addition, many of the pathophysiological mechanisms 
proposed in these studies are hypothetical, that is, not 
based on experimental data. Therefore, further rigorous 
studies are needed to confirm these hypotheses.

CLINICAL IMPLICATIONS AND 
CONCLUSIONS
Controversies still exist about the risk stratification of 
BrS and BrS type 1 ECG. Clinical findings, such as 

a history of syncope, aborted cardiac death, or sus-
tained VT, remain the only clear means to identify pa-
tients with high arrhythmic risk. The predictive role of 
electrophysiological study with programmed ventricu-
lar stimulation in patients with BrS is still debated.56 
Family history of SCD is of uncertain value and the re-
sults of genetic analysis are often confounding. Given 
that 12-lead ECG analysis is 1 of the major diagnostic 
tools in this syndrome, several different ECG markers 
of ventricular depolarization and repolarization have 
emerged over time but with variable and conflicting 
results.

In this review, we discussed 12 different ECG signs 
identified as high-risk markers in patients with BrS: lo-
calization of type 1 Brugada pattern (in V2 and periph-
eral leads), first-degree AVB, AF, fragmented QRS, QRS 
duration >120 ms, R wave >0.3 mV in lead aVR, S wave 
in L1 (≥40 ms, amplitude ≥0.1 mV, area ≥1 mm2), ER pat-
tern in inferolateral leads, ST-segment depression, TWA, 
dispersion of repolarization, and Tzou criteria. A multi-
parametric risk assessment approach based on ECG 
parameters associated with clinical and genetic findings 
could help improve current risk stratification scores of 
patients with BrS57-59 and warrants further investigation.

In addition to prognostic hints, ECG signs within the 
Brugada pattern can provide useful insights into the 
complex pathophysiology of this entity.
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Table S1. Quality assessment of observational study included in the systematic review with 

MINORS criteria. 

 

 
References Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 

Migliore et al.23 2 1 0 2 2 2 1 0 0 0 0 2 

Delise et al. 17 2 2 0 2 2 2 2 0 0 0 0 1 

Morita et al. 26 2 2 0 2 2 0 1 0 0 0 0 2 

Mugnai et al. 43 2 2 0 2 2 0 1 0 0 0 0 1 

Ragab et al. 44 2 1 0 2 2 0 1 0 0 0 0 1 

Ragab et al. 31 2 1 0 2 2 0 1 0 0 0 0 2 

Sakamoto et al. 38 2 2 2 2 2 2 2 2 0 0 0 2 

Probst et al. 20 2 2 2 2 2 2 1 0 0 1 0 2 
Sakamoto et al. 39 2 2 0 2 2 0 1 0 0 0 0 2 
Calò et al. 25 2 1 2 2 2 1 1 2 0 0 0 2 
Maury et al. 22 2 1 0 2 2 2 1 0 0 0 0 2 
Crea et al. 35 2 2 0 0 0 0 2 0 0 0 0 1 
Uchimura-Makita et al. 37 

2 2 0 2 2 2 2 0 0 0 0 2 
Kawata et al. 33 2 2 0 2 2 0 2 0 0 0 0 2 
Rollin et al. 21 2 1 0 2 2 2 1 0 0 0 0 2 
Maury et al. 42 2 1 0 2 2 0 1 0 0 0 0 1 
Priori et al. 6 2 1 2 2 2 2 2 2 0 0 0 2 
Ohkubo et al. 29 2 2 0 2 2 2 2 0 0 0 0 1 
Nishii et al. 19 2 2 0 2 2 2 1 0 0 0 0 1 
Nakano et al. 18 2 1 0 2 2 2 2 0 0 0 0 2 
Letsas KP et al. 41 2 1 0 2 2 0 2 0 0 0 0 1 
Shimeno et al. 34 2 2 2 1 1 2 2 2 0 0 0 1 
Sarkozy et al. 32 2 1 0 2 2 2 1 0 0 0 0 1 
Morita et al. 27 2 2 2 2 2 0 1 2 0 0 0 1 
Tada et al. 36 2 2 2 2 2 2 2 2 0 0 0 2 
Takagi et al. 24 2 2 2 0 0 2 1 2 0 0 0 2 
Babai Bigi et al. 30 2 2 0 2 2 2 2 0 0 0 0 1 
Juhani Junttila et al. 28 2 1 0 2 2 0 1 0 0 0 0 2 
Castro Hevia et al. 40 2 2 2 0 0 2 2 2 0 0 0 2 

 

 
Q: question. In every item the following points were assigned: "Not reported (0 point)", "Reported but inadequate (1 point), or 

"Reported and adequate (2 point)". Q1:A clearly stated aim; Q2: Inclusion of consecutive patient; Q3: Prospective collection of data; 

Q4: Endpoints appropriate to the aim of the study; Q5: Unbiased assessment of the study endpoint; Q6: Follow-up period appropriate 

to the aim of the study; Q7: Loss to follow up less than 5%; Q8: Prospective calculation of the study size; Q9: An adequate control 

group; Q10: Contemporary groups; Q11: Baseline equivalence of groups. Q12: Adequate statistical analyse 
 

 

 

 



Figure S1. Case 1. 

 

A 

 

B 

Case 1: these two ECGs are from the same asymptomatic 22 years old male with no history of familiar 

sudden death. Normal echocardiogram and cardiac MRI. No gene mutations found. A: (standard 12 



lead ECG) normal sinus rhythm, normal PR interval and QRS complex (duration and axis), ST 

segment elevation ≥2 mm in right precordial leads (V1–V2) followed by a concave or straight ST 

segment with a negative symmetric T-wave (type 1 Brugada pattern). B: (V1 and V2 along the 2nd, 

3rd, 4th intercostal space) type 1 Brugada pattern expressed in all the modified precordial leads.  In 

Case 1 ECG there are no additional arrhythmic signs inside the type 1 Brugada pattern. We can 

identify this as a “low risk pattern”.  

 

 

  



Figure S2. Case 2. 

 

 

Case 2: 51 years old male with previous cardiac arrest. Multiple appropriate ICD interventions on 

VT/VF (one per year). Mild left ventricular hypertrophy at echocardiogram and cardiac MRI. SCN5A 

and Myosin gene mutations were found. Figure S2: (standard 12 lead ECG) normal sinus rhythm, 

first degree atrio-ventricular block (PR interval 340 ms), prolonged QRS duration (160 ms), left 

anterior hemiblock, type 1 Brugada pattern in V2 but also in lead aVR. In this ECG we have multiple 

arrhythmic signs as first degree AV block, prolonged QRS duration and type 1 Brugada pattern in the 

peripheral leads. We can identify this as “high risk pattern”. 

 

 

  



Figure S3. Case 3. 

 

 

Case 3: 43 years old male with aborted cardiac death. He had multiple appropriate ICD interventions 

on polymorphic ventricular tachycardia. Father and paternal grandfather with sudden cardiac deaths 

in their forties. Normal echocardiogram and cardiac MRI.  Novel pathogenetic mutation in the lamin 

A/C gene was found 61. Figure S3: (standard 12 lead ECG): normal sinus rhythm; normal PR interval, 

prolonged QRS interval in V2 (135 ms), multiple notching of QRS complex in right precordial leads, 

tall R wave in lead aVR, deep S wave in V5 - V6 and DI, type 1 Brugada pattern in V1 - V2. In this 

ECG we have multiple arrhythmic signs as prolonged QRS duration in V2, fragmented QRS, aVR 

sign and deep S wave in lateral leads. We can identify this as “high risk pattern”. 

  



Figure S4. Case 4. 

 

 

Case 4: 74 years old man with ICD placed when he was 55 years old after ventricular arrhythmias 

induced during programmed electrical stimulation. He had only one appropriate ICD intervention for 

VF in his follow-up. He has paroxysmal atrial fibrillation. No family history of sudden cardiac death. 

Normal echocardiogram. No gene mutations found. Figure S4: (standard 12 lead ECG)  normal sinus 

rhythm, first degree atrio-ventricular block (PR interval 220 ms), prolonged QRS duration (140 ms), 

left anterior hemiblock, fragmented QRS in right precordial leads, tall R wave in lead aVR, profound 

S wave in V5 - V6 and DI, Tzou criteria, type 1 Brugada pattern in V1 - V2 and type 2 Brugada 

pattern in V3. In this ECG, similar to Case 2 ECG,  we have multiple arrhythmic signs as first degree 

AV block, prolonged QRS duration, fragmented QRS, aVR sign, Tzou criteria and deep S wave in 

lateral leads. We can identify this as “high risk pattern”.  

 

 

  



Figure S5. Case 5. 

 

 

Case 5: 55 years old man with aborted sudden cardiac while sleeping.  No ICD interventions during 

follow-up. No history of familiar sudden death. Normal echocardiogram and cardiac MRI. SCN5A 

gene mutation was found. Figure S5: (standard 12 lead ECG)  normal sinus rhythm, first degree atrio-

ventricular block (PR interval 240 ms), prolonged QRS duration in V2 and DII (180 ms),  fragmented 

QRS in right precordial leads, tall and prolonged R wave in lead aVR, deep S wave in V5 - V6 and 

DI - aVL, Tzou criteria, high depolarization dispersion, type 1 Brugada pattern in V1 - V2.  Here we 

have almost all the arrhythmic signs as first degree AV block, prolonged QRS duration, fragmented 

QRS, aVR sign, Tzou criteria and deep S wave in lateral leads. We can identify this as a “very high 

risk pattern”. 

 

 


