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Abstract

Background: The Brugada Electrocardiographic Indices Registry is a comprehensive data registry composed of
patients with Brugada patterns on the electrocardiogram (ECG). The aim is to test the hypotheses that (i) ECG indices
combining both depolarization and repolarization abnormalities can better predict spontaneous ventricular arrhyth-
mias than existing ECG markers in Brugada syndrome and (ii) that serial ECG measurements will provide additional
information for risk stratification, especially in asymptomatic patients.

Methods: Patients with both Brugada pattern ECGs and Brugada syndrome are eligible for inclusion in this registry.
Baseline characteristics and ECG variables reflecting depolarization and repolarization will be determined. The primary
outcome is spontaneous ventricular tachycardia/ventricular fibrillation or sudden cardiac death. Secondary outcomes
are inducible ventricular tachycardia/ventricular fibrillation and syncope.

Results: As of November 15, 2019, 39 investigators from 32 cities in 18 countries had joined this registry. As of

December 15, 2019, 1383 cases had been enrolled.

Conclusions: The Brugada Electrocardiographic Indices Registry will evaluate the disease life course, risk factors,
and prognosis in a large series of Brugada patients. It will therefore provide insights for improving risk stratification.

Keywords: Sudden cardiac death; Brugada syndrome; risk stratification; electrocardiogram indices; BEIR consortium.

Introduction

Sudden cardiac death (SCD) is a significant prob-
lem globally, and is frequently due to ventricular
tachyarrhythmias [1]. Brugada syndrome (BrS) is a
genetic ion channelopathy that predisposes affected
individuals to SCD. Different methods of risk strati-
fication have been developed; however, it remains
difficult to determine which patients are most at
risk of developing these malignant arrhythmias.
Traditionally, repolarization markers such as the
corrected QT interval (QTc) have been widely used
for the risk stratification of SCD [2]; however, they
have low sensitivity and specificity [3] because ven-
tricular arrhythmias have been observed in the pres-
ence of a normal or even reduced QT interval [4].
Other markers that have been proposed include QT
dispersion [5, 6], the interval from the peak to the
end of the T wave [7] (Tpe L, » reflecting transmu-
ral dispersion of repolarization [8]), the (Tpeak—Ten D
QT ratio [9], and Tpeak—Ten ,dispersion [10]. However,
they largely ignore a contribution from abnormal
conduction in cardiac arrhythmogenesis [11]. In
this scheme, reduced conduction velocity (CV) and
is reflected electrocardiographically as a prolonged
QRS duration [12, 13]. Reduced CV increases the
probability of ventricular arrhythmias via reentry by
shortening the excitation wavelength, A (CV times
refractory period). The challenge is that A must be
determined invasively during an electrophysiologi-
cal study. Thus, it would be advantageous to identify

noninvasive markers that reflect both conduction
and repolarization processes and evaluate their rela-
tion to arrhythmic events and SCD.

To address the risk stratification problem in BrS,
we have established the international Brugada
Electrocardiographic Indices Registry (BEIR). This
will enable two main hypotheses to be tested, which
are (1) that electrocardiogram (ECG) indices com-
bining both depolarization and repolarization abnor-
malities can better predict spontaneous ventricular
arrhythmias than existing ECG markers in BrS and
(i1) that serial ECG measurements will provide addi-
tional information for risk stratification, especially
in asymptomatic patients. The BEIR Consortium
currently comprises investigators from 18 countries
(Figure 1). As of December 15, 2019, 1383 cases had
been enrolled. The target is to recruit 2000 cases.

Methods

Study Design and Patient Inclusion Criteria

This is a retrospective registry including patients
with type 1 or type 2 ECG Brugada pattern
recorded from the right precordial leads V| and
V, in the second, third, or fourth intercostal space
[14]. Type 1 (coved pattern) is defined as ascend-
ing and high takeoff of 2 mm of more at the end of
the QRS duration, followed by a coved or rectilin-
ear downward-sloping ST segment and a negative
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Figure 1:

Comprises 39 Investigators from 32 Cities in 18 Countries.

symmetric T wave in one or more right precordial
leads (V| and V,). Type 2 (saddleback pattern) is
defined as high-takeoff r’ of 2 mm or more, fol-
lowed by convex ST elevation remaining at more
than 0.5 mm relative to the isoelectric line and a
positive T wave in V, (Tpeak >ST .. JoraT wave
of variable morphology in V.

Patient Details and Characteristics

The following patient data will be collected: city and
country of origin, ethnicity, sex, age at first presen-
tation of Brugada pattern (earliest documented by
ECG or case notes), current age or age at death, date
of birth, date of the first Brugada pattern (earliest
date documented by ECG or case notes), initial type
of ECG Brugada pattern (type 1 or type 2), fever-
induced type 1 pattern, family history of BrS, family
history of ventricular fibrillation (VF) or SCD, fam-
ily history of VF or SCD in family members younger
than 35 years, documented atrial fibrillation, sinus
node dysfunction, syncope, spontaneous ventricu-
lar tachycardia (VT)/VF, and SCD. Information on
antiarrhythmic agents, their doses, their prescription
durations, and any side effects should be obtained.
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The Brugada Electrocardiographic Indices Registry is an International Collaborative Effort, which Currently

The following will be noted: outcome of drug
challenge tests and electrophysiological study
details, including the date of the procedure, the
number of extrastimuli used, and positive outcome
during electrophysiological study, defined as sus-
tained VF or VT lasting more than 30 s or requiring
termination because hemodynamic compromise
was induced. Additional results from Holter moni-
toring, genetic tests, exercise tolerance tests, and
echocardiography will be analyzed, if available.

Electrocardiographic Variables

The following ECG variables will be obtained: type
of Brugada pattern, beta angle [15], PR interval,
RR interval, QRS duration, IT (J point to peak
of T wave), Tpeak—Ten . (peak of T wave to end of T
wave), QT duration, QTc duration by Bazett’s for-
mula, QT dispersion, Tpeak—Ten JQT, Tpeak—Ten JQTc,
fragmented QRS complexes [16], terminal r wave
in a VR lead, concomitant right bundle branch
block, first-degree atrioventricular block (PR dura-
tion 200 ms or more), early repolarization pattern
(=1 mm (0.1 mV) elevation of the QRS-ST junc-

tion (J point) in two or more contiguous inferior
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(I, III, and aVF) and/or lateral (I, aVL, V,, and
V?®) leads) [17], and right ventricular outflow tract
delayed conduction signs [18].

Follow-up Data and Outcomes

The primary outcome is spontaneous VT/VF or SCD.
Secondary outcomes include inducible VT/VF and
syncope. Death information, including date of death,
age at death, cause of death, and underlying cause
of death, will be collected. The follow-up duration
(months) is defined as the time between the date of
the first Brugada ECG and the date of death, or the
censor date of the study, whichever is earlier. Data
from implantable cardioverter defibrillators (ICDs)
include the device insertion date, the number of
appropriate shocks, any atrial pacing or ventricular
pacing, VT/VF before ICD implantation, episodes of
VT/VF after the first ICD implantation, ICD type, the
number of inappropriate shocks, the reason for inap-
propriate shocks, and complications, such as lead
malfunction, lead dislocation, or infection.

Statistics

Data will be expressed as median values (quartile 1
to quartile 3). Patients will be divided into different
study groups on the basis of symptoms (asympto-
matic, syncope, VI/VF/SCD) and type of Brugada
pattern at initial presentation. Categorical data will be
analyzed by Fisher’s exact test. Differences between
study groups will be tested by the Kruskal-Wallis
test. P<0.05 will be considered statistically signifi-
cant. Cox regression will be used to identify signifi-
cant predictors of primary and secondary outcomes.
Those variables with P<0.10 will be included in a
multivariate model. Receiver operating characteristic
curve analysis will be used to evaluate the discrimi-
native value of continuous variables. Risk scores
based on logistic regression will be developed.
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1. Zipes DP, Wellens HJ. Sudden car-

sudden cardiac death. Europace

practice. World J Clin Cases

diac death. Circulation 1998;98:
2334-51.

Tse G, Yan BP. Traditional and
novel electrocardiographic conduc-
tion and repolarization markers of

2017;19:712-21.

Castro-Torres Y, Carmona-Puerta
R, Katholi RE. Ventricular repo-
larization markers for predicting
malignant arrhythmias in clinical

2015;3:705-20.

Hondeghem LM. QTc prolonga-
tion as a surrogate for drug-induced
arrhythmias: fact or fallacy? Acta
Cardiol 2011;66:685-9.



G. Tse et al., An Open Invitation to Join the International Brugada Electrocardiographic Indices Registry | 221

Elming H, Holm E, Jun L, Torp-
Pedersen C, Kober L, Kircshoff
M, et al. The prognostic value of
the QT interval and QT interval
dispersion in all-cause and cardiac
mortality and morbidity in a popu-
lation of Danish citizens. Eur Heart
J1998;19:1391-400.

Linker NJ, Colonna P, Kekwick
CA, Till J, Camm AJ, Ward DE.
Assessment of QT dispersion in
symptomatic patients with con-
genital long QT syndromes. Am J
Cardiol 1992;69:634-8.

Xia Y, Liang Y, Kongstad O, Holm
M, Olsson B, Yuan S. Tpeak-Tend
interval as an index of global dis-
persion of ventricular repolari-
zation: evaluations using mono-
phasic action potential mapping
of the epi- and endocardium in
swine. J Interv Card Electrophysiol
2005;14:79-87.

Gupta P, Patel C, Patel H,
Narayanaswamy S, Malhotra B,
Green JT, et al. T(p-e)/QT ratio as
an index of arrhythmogenesis. J
Electrocardiol 2008;41:567-74.
Castro Hevia J, Antzelevitch C,
Tornes Barzaga F, Dorantes Sanchez
M, Dorticos Balea F, Zayas Molina
R, et al. Tpeak-Tend and Tpeak-
Tend dispersion as risk factors for
ventricular  tachycardia/ventricu-
lar fibrillation in patients with the
Brugada syndrome. J Am Coll
Cardiol 2006;47:1828-34.

10.

11.

12.

13.

14.

15.

Tse G, Gong M, Li CKH, Leung KSK,
Georgopoulos S, Bazoukis G, et al.
Tpeak-Tend, Tpeak-Tend/QT ratio
and Tpeak-Tend dispersion for risk
stratification in Brugada syndrome: a
systematic review and meta-analysis.
J Arrhythm 2018;34:587-97.

Tse G, Wong ST, Tse V, Yeo JM.
Depolarization vs. repolarization:
what is the mechanism of ventricu-
lar arrhythmogenesis underlying
sodium channel haploinsufficiency
in mouse hearts? Acta Physiol (Oxf)
2016;218:234-5.

Ohkubo K, Watanabe I, Okumura
Y, Ashino S, Kofune M, Nagashima
K, et al. Prolonged QRS duration in
lead V2 and risk of life-threatening
ventricular arrhythmia in patients
with Brugada syndrome. Int Heart J
2011;52:98-102.

Kashani A, Barold SS. Significance
of QRS complex duration in patients
with heart failure. J Am Coll Cardiol
2005;46:2183-92.

Antzelevitch C, Yan G-X, Ackerman
MJ, Borggrefe M, Corrado D, GuoJ,
et al. J-wave syndromes expert con-
sensus conference report: emerging
concepts and gaps in knowledge.
Europace 2017;19:665-94.
Gottschalk BH, Garcia-Niebla J,
Anselm DD, Jaidka A, De Luna AB,
Baranchuk A. New methodologies
for measuring Brugada ECG pat-
terns cannot differentiate the ECG
pattern of Brugada syndrome from

16.

17.

18.

19.

20.

Brugada phenocopy. J Electrocardiol
2016;49:187-91.

Priori SG, Gasparini M, Napolitano C,
Della Bella P, Ottonelli AG, Sassone
B, et al. Risk stratification in Brugada
syndrome: results of the PRELUDE
(PRogrammed ElLectrical stimUla-
tion preDictive valuE) registry. ] Am
Coll Cardiol 2012;59:37-45.

Ohkubo K, Watanabe I, Okumura
Y, Kofune M, Nagashima K, Mano
H, et al. Prevalence and significance
of the early repolarization pattern in
inferolateral leads in patients with
Brugada syndrome: a single-center
study. J Arrhythm 2012;28:273-6.
Ragab AAY, Houck CA, van der
Does L, Lanters EAH, Muskens
A, de Groot NMS. Prediction of
ventricular  tachyarrhythmia in
Brugada syndrome by right ventric-
ular outflow tract conduction delay
signs. J Cardiovasc Electrophysiol
2018;29:998-1003.

Asvestas D, Tse G, Baranchuk A,
Bazoukis G, Liu T, Saplaouras
A, et al. High risk electrocardio-
graphic markers in Brugada syn-
drome. Int J Cardiol Heart Vasc
2018;18:58-64.

Deliniere A, Baranchuk A, Giai
J, Bessiere F, Maucort-Boulch D,
Defaye P, et al. Prediction of ven-
tricular arrhythmias in patients with
a spontaneous Brugada type 1 pat-
tern: the key is in the electrocardio-
gram. Europace 2019;21:1400-9.



