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ABSTRACT

Brugada syndrome is an inherited ion channelopathy associated with an increased risk for
ventricular arrhythmia and sudden death. Current management strategies to reduce arrhythmic
risk are limited, with few pharmacological options that may be ineffective or cause side-effects
leading to suboptimal dosing or cessation of treatment. There is substantial interest therefore in
determining the long-term efficacy and safety profile of catheter ablation, to targeting triggers
and electrophysiological substrates for ventricular arrhythmia. With the recent publication of
small, randomized trials including the BRAVE study, the level of evidence is improving.
However, the balance of risk verses benefit across the arrhythmic risk spectrum remains unclear
and procedural technical challenges remain, particularly given most patients will require an
epicardial approach for catheter ablation. This review outlines the current evidence in the

published literature and highlights gaps in knowledge that should be prioritised in future studies.
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INTRODUCTION

Brugada syndrome is an inherited cardiac ion channelopathy associated with ventricular
arrhythmia and sudden cardiac death [1]. It is characterized by the presence of J-point and coved
ST segment elevation (type 1) at least 0.2 mV in leads V1 or V2 on the electrocardiogram (ECG)
[2] (Figure 1). The sensitivity for detection of a Brugada phenotype may be increased by
positioning electrodes in the high lead position (2" or 3™ intercostal space) that overlies the
right ventricular outflow tract (RVOT) [3]. For individuals with non-diagnostic patterns (type
2; saddleback, type 3; <2 mm elevation) with a relevant family history, a diagnostic Brugada
pattern may be unmasked by administration of sodium channel blockers (e.g., ajmaline) [4].
However, in the absence of symptoms, a positive pharmacological challenge alone is not
sufficient for a Brugada syndrome diagnosis, and a scoring system such as the Shanghai criteria
can be used that incorporates clinical risk factors and genetic testing [5].

The worldwide pooled prevalence of Brugada syndrome is approximately 0.5 per 1000
individuals with the highest rates reported in Southeast Asians [7]. Unlike other
channelopathies, patients with Brugada syndrome typically experience their first arrhythmic
event during adulthood peaking between 38 and 48 years of age [8]. A meta-analysis including
18 studies and 4099 patients has reported an annual incidence of major arrhythmic events of
23.8 per 1000 person-years and the risk is greater for individuals with a history of cardiogenic
syncope, cardiac arrest, male sex and inducible ventricular tachycardia (VT) or fibrillation (VF)
during electrophysiology study [9-11]. The genetic architecture of Brugada syndrome is
complex. In 20%-30% of individuals a loss-of function variant in the voltage-gated cardiac
sodium ion channel alpha subunit (SCN54) may be identified [12], however calcium and
potassium channels have also been implicated [13]. More recently, in a longitudinal cohort of
2182 patients, Kukavica et al. [ 14] identified both loss-of-function SCNS5A variants and a higher
common variant polygenic risk score to be independently associated with arrhythmic events.
This finding suggests there is potential to incorporate more complex genetic models to refine
risk stratification and polygenic inheritance may also account for positive sodium channel
blocker provocation tests in non-carriers of a SCN5A variant where a pathogenic variant has
been identified in other family members [12, 15].

Experimental and computational studies have shown that phase 2 re-entry may be the
mechanism of VF initiation in Brugada syndrome due to action potential heterogeneity in the

right ventricular epicardium and endocardial conduction delay [16, 17]. Resulting closely



coupled premature ventricular complexes may trigger VF [16]. In addition, diffuse RVOT
epicardial fibrosis and reduced gap junctional expression lead to functional conduction block

and an arrhythmogenic substrate for VT circuits or wavebreak degenerating into VF [18].

THERAPEUTIC OPTIONS IN BRUGADA

All patients should avoid medication that cause adverse effects on channel function as listed on
www.brugadadrugs.org [19, 20]. They should also treat fevers aggressively as they increase the
risk type 1 patterns and ventricular arrhythmia [21]. For patients with arrhythmogenic syncope,
insertion of an implantable cardioverter defibrillator (ICD) is recommended to prevent sudden
death (class I1a) [22]. Unlike long QT syndrome where beta-blockers have good evidence for
primary prevention, medical therapy with beneficial I, channel blocking effects (e.g., class 1A
antiarrhythmics; quinidine) in Brugada syndrome is typically reserved for individuals with
recurrent symptomatic VI/VF [22]. Quinidine and hydroquinidine (similar pharmacokinetic
properties to quinidine gluconate), appear to be effective at reducing arrhythmic burden in some
studies and may prevent induction of VF during electrophysiology study in up to 88% of
patients [23-25]. However, events still occur in up to 15% of patients on treatment [26].
Quinidine is also poorly tolerated at high doses due to its side effect profile and can have
proarrhythmic affects [27]. In a nationwide survey by Anguera et al. [28], temporary
discontinuation of quinidine due to side effects was a significant predictor of recurrent ICD
shocks (HR, 4.6; 95% CI, 1.28-16.6) and for some patients this may also limit the maximum
tolerated dose. These issues are further compounded internationally by the limited availability
of quinidine, and hydroquinidine is the only preparation that can be accessed in many counties
[27].

These challenges (availability, intolerance and failure to consistently suppress
ventricular arrhythmia in some studies), are key elements that may lead to consideration of
catheter ablation (currently ESC Guidelines 2022 class IIb indication) with the aim of targeting
triggering PVCs and/or RVOT epicardial substrate modification [22]. This review focuses on
the practical application of catheter ablation in Brugada syndrome and the gaps in knowledge

that need to be addressed to improve management strategies in these patients.

CATHETER ABLATION TO MODIFY VENTRICULAR FIBRILLATION
INDUCIBILITY
A role for catheter ablation in Brugada syndrome to supress recurrent ventricular tachycardia

or fibrillation is not a new concept. At the turn of this century, multiple studies reported



initiation of VF preceded by premature ventricular beats of the same morphology to the
triggering beat, typically arising from either the RVOT or Purkinje conducting system [29-31].
In 2004, Haissaguerre et al. [32] reported successful modification of VF inducibility by
targeting these sites with endocardial radiofrequency (RF) ablation in 3 Brugada patients. While
this study was transformative in developing a new therapeutic strategy, experimental Brugada
syndrome dog models (using pinacidil and pilsicainide in adult mongrel hearts) identified that
epicardial targets may be more effective than endocardial [33]. This is borne out in clinical

studies outlined below.

PREMATURE VENTRICULAR BEAT TRIGGER GUIDED ABLATION

Targeting of VF-triggering premature beats has been shown to have excellent long-term
outcomes. 85% of premature beats may originate from the RVOT with the remainder from the
RV body. However, patients with a QRS notch in lead V1 had more VF episodes and may not
respond as well to endocardial ablation requiring an epicardial approach [34]. Targeting focal
triggers can lead to normalisation of elevated ST segments, however some reports suggest that
this effect may be transient and the relationship with modification of risk for sudden cardiac
death remains unclear [35]. It is now established that a combined trigger and substrate-based

approach can have excellent outcomes.

SUBSTRATE-BASED ABLATION

Nadamanee was the first to recognise the efficacy and favourable safety profile of epicardial
substrate ablation in Brugada syndrome in 9 symptomatic patients with recurrent VF episodes
[31]. Initially ajmaline was not employed to delineate the area of abnormal electrograms to
target. This was extended by Pappone’s group in 135 patients who utilized ajmaline to
demonstrate these fractionated electrograms expanded over a wider area (2x) after sodium
channel blockade [36]. Elimination of these fragmented ventricular potentials normalized the
ECG and prevented VT/VF events [36]. Group 1 patients (n = 63) had documented VT/VF and
Brugada syndrome-related symptoms while group 2 (n = 72) had inducible VT/VF without
ECG documentation at the time of symptoms. About 27 patients of group 1 had experienced
multiple implantable cardiac defibrillator shocks for recurrent VT/VF episodes.
Radiofrequency ablation eliminated abnormal electrograms leading to ECG normalization and
VT/VF non-inducibility in all patients. During a median follow-up of 10 months, the ECG
remained normal even after ajmaline in all except 2 patients who underwent a repeated effective

procedure for recurrent VF. Some questions were raised regarding the indication for ablation in



the patients with syncope or presyncope especially with drug-induced patterns where it is well
recognized vasovagal events often occur in Brugada patients. The targeted area for ablation
tagged by the abnormal low-voltage fractionated signals comprised of multiple distinct
components separated by over 20 milliseconds (ms) of isoelectric segments, and long duration
(>70 ms) or late potentials that were beyond the end of the QRS complex. Nadamanee utilises
an irrigated-tip catheter with contact force measurements >5 grams before radiofrequency
energy is delivered. The power is titrated from 20 to 50 watts to achieve >10 ohms impedance
reduction from baseline. This force and power should provide sufficient acute elimination effect
on the target area. Effective lesions are confirmed by rapid disappearance of late/fractionated
components and a decline in recorded signal amplitude (Figure 2). The endpoint is a complete
elimination of substrate identified after ajmaline infusion over the RVOT and its vicinity. Non-
inducible VT/VF and disappearance of the Brugada ECG pattern is used as an adjunct endpoint
of ablation.

Multiple potential sites for substrate-based ablation have been reported; most frequently
the epicardial RVOT (anterior or posterior) and less commonly RV anterior, inferior or free wall
locations [37]. Predicting location is challenging and reliant on the identification of low voltage
zones and fractionated late potentials (Figure 2) [31, 37, 38]. These sites of late potentials and
fractionated electrograms are delineated utilising epicardial mapping ideally with a multipolar
high density mapping catheter such as a high density grid (Abbott) or current Optrell catheters
(Biosense). These catheters have small electrodes and close spaced bipoles with algorithms to
enable omnipolar mapping which overcomes the issue of “bipolar blindness” of wavefront
activation causing electrodes in one plane of activation not to develop a potential difference and
hence not detect the wavefront. Elimination of long fractionated electrograms in sinus rhythm
if a type 1 Brugada is present or after ajmaline/flecainide provocation to generate a type 1
Brugada ECQG, is required as an endpoint. The BRAVO study reported substrate-based ablation
primarily targeting these RVOT epicardium abnormal electrograms led to an impressive 96%
VF-free survival rate for the 159 Brugada patients included, with an average follow up period
of 48 months [39]. This cohort was high risk requiring recurrent VF or arrhythmogenic syncope
to be included, along with either spontaneous or drug-provoked type 1 Brugada patterns [39].
To achieve this impressive outcome, repeat ablation was necessary in some cases with only
81% free of VF after a single procedure. One third of patients in the study had substrate sites
outside of the epicardial RVOT (e.g., inferior RV epicardium) and therefore operators need to
consider these to increase the likelihood of success but doing so will prolong the procedural

time which is a recognized marker for increasing risk of complications [39, 40].



Drug provocation (e.g., ajmaline or flecainide) is used to identify abnormal substrates
by promoting conduction delay and extending low voltage areas and regions with abnormal
electrograms [37]. This approach has previously been demonstrated to correlate with RV
electrical and mechanical abnormalities [41]. However, the optimal strategy for provocation is
unknown and alternative agents have been suggested including propafenone, procainamide and
warmed saline [42]. The optimal ECG markers of success in a substrate-guided approach are
also yet to be established. Nademanee et al. [39] has reported normalisation of the type 1
Brugada ECG pattern (whether with or without sodium channel blockade) was the only
predictor of a VF free outcome. While recurrence rates in this study were low and contrasted
with the findings from a smaller study by Zheng et al. where no relationship was identified, this
observation has also been reported by the recently published BRAVE randomized trial of
ablation versus hydroquinidine therapy in high risk Brugada patients [43, 44]. This trial found
that there were no further arrhythmic events if the spontaneous or induced Brugada pattern was
eliminated, but if there was also an early repolarisation pattern outside the RVOT they were at
higher risk of VF recurrence [44]. This could in part be due to a lack of definition of
“normalization” of the ECG or the existence of pro-arrhythmic substrate in early repolarization
sites (see below). Robust ECG markers are required to standardise practice and establish the
degree of normalisation necessary to prevent VF recurrence and indicate sufficient substrate
modification has been performed. Sites corresponding to ECG early repolarisation patterns
outside the RVOT can be identified (local fractionated electrograms) and targeted. Indeed,
Cheniti et al. [45] has also shown that a subset of patients with Brugada syndrome present with
an abnormal substrate extending onto the LV epicardium (45% of 22 cases) and inferior RV that
is associated with SCN54 mutations and multigenic variants. Nademanee et al. [46] later
reported they no longer use either non-inducible VI/VF or normalization of the Brugada ECG
pattern but the best and only end point is to eliminate all substrate areas that harbor abnormal
low-voltage fractionated signals detected after sodium channel blocker challenge. This is
important as there is a risk in administering repeated ajmaline boluses to test for Brugada ECG
eradication as the drug has an elimination half-life of 95 minutes and this can be toxic causing
electromechanical dissociation. Hence, if one is considering this strategy, lower doses should
be administered after the initial dose depending on procedure duration and the predicted
remaining circulating dose.

Further studies are also necessary to formally determine whether a negative response to
programmed ventricular stimulation (PVS) should also be included as a procedural endpoint.

In a meta-analysis of 14 studies with a total of 709 patients catheter ablation resulted in non-



inducibility of VF in 91% of patients and resolution of type 1 patterns in 95%, leading to 87%
of patients free of ventricular arrhythmia at a mean follow up period of 2.5 years [47].
Endocardial unipolar voltage abnormalities may predict ventricular fibrillation inducibility
during PVS and therefore could have applications in risk stratification as they may correlate
with areas of structural abnormalities with arrhythmogenic potential such as fibrosis [48, 49].
Whether they may also identify distant epicardial scar and therefore target regions for an
epicardial approach, remains uncertain [48, 50].

A substrate-based approach could be further supplemented by advanced
electrocardiogram or imaging strategies and improved mapping techniques. A recent study
identified steep repolarization heterogeneities in sinus rhythm in all Brugada patients but no
controls, which correlated with the location of a rotational VF beat at induction and was
abolished in 94.3% of patients that underwent ablation [51]. Larger prospective studies could
investigate the use of ECG imaging to detect repolarization heterogeneities and targets for

ablation.

LONG-TERM OUTCOMES:

It is recognized that long-term data for ablation in Brugada syndrome is limited. In a meta-
analysis by Kotake et al. [37], of 56 studies and 388 patients the pooled incidence of non-
inducibility of ventricular arrhythmia was 87% with acute resolution of a type 1 ECG pattern
in 74.5% of cases, with only 17.6% of cases of recurrence of ventricular arrhythmia [37]. While
this is consistent with previous findings, the weighted mean follow-up was only 28 months [37,
52]. Recently, the results from the BRAVE prospective multicenter two arm randomized clinical
trial in symptomatic patients with Brugada syndrome was published. Symptomatic Brugada
syndrome was defined very strictly by the presence of a type 1 ECG pattern with or without
sodium channel blocker challenge, along with one or more of the following: 1) aborted cardiac
arrest, 2) documented VF episodes, 3) agonal respiration during sleep with difficulty arousing,
4) unexplained syncope with malignant characteristics, or 5) seizures suspected to be of
arrhythmic origin. The ablation group had significantly fewer VF events (HR, 0.288) over 3
years of follow-up compared with controls (no ablation or quinidine) and at the interim analysis,
early trial termination due to favourable outcomes was recommended by the study safety
meeting [44]. Both a trigger and substrate-guided approach was performed with PVS before
and after ablation. The endpoint was defined as elimination of any PVC’s identified as VF
triggers and ablation of all substrates (with unmasking using ajmaline) having targeted all

abnormal fractionated electrograms. After ablation, 83% of patients were VF free and without



ICD therapies at the end of the follow up period. All patients without concomitant early
repolarization remain free of VF after a single ablation except 1 patient whose type 1 Brugada
ECG pattern persisted after ablation. While this study provides support for the efficacy of
arrhythmogenic substrate-based VT ablation in Brugada, it does not compare outcomes with a
patient group stable on quinidine and despite recent publication of another randomized study

(Pappone et al. [53]), additional trials with longer term data are urgently needed.

SAFETY CONSIDERATIONS:

As endocardial ablation is insufficient for a significant proportion of patients, epicardial access
is required typically by subxiphoid puncture. A safety meta-analysis by Kotake et al. [37]
including 56 studies and 388 Brugada patients, reported pericarditis or pericardial effusion in
9.3% of cases that were all managed with either medication or a pericardial drain. There were
no periprocedural deaths. Similarly, pericardial effusion was the only major procedural
complication reported in the BRAVO study (overall complication rate 1%) [39]. These studies
are however limited by their relatively small size and likely impacted by bias from being
performed at experienced and high-volume centres. The risks of epicardial puncture can be
mitigated by utilising C02 insufflation to lift the pericardium from the epicardial surface and
minimise the risk of RV perforation with access [54].

Acute procedural complications rates are 1%—17.5% for epicardial VT ablation in
ischaemic and non-ischaemic cardiomyopathies with additional complications are reported
including pneumothorax, phrenic nerve injury, myocardial infarction and very rarely
oesophageal injury [40, 55, 56]. To reduce these risks, it is recommended to perform phrenic
nerve capture testing and selective coronary angiography when anticipating ablation near
coronary arteries [40]. It is essential that safety data is gathered from all centres performing VT
ablation for Brugada and that risk scores used for other cardiac conditions (e.g., the PAINSED
score [57]) are validated in this patient group as predictors of complications and long-term

mortality may differ.

FUTURE APPROACHES:

The identification of patients that would benefit the most from an ablation strategy needs to be
addressed. There is a significant amount of variability in the inclusion criteria between studies
currently reported (Table 1) [58]. These are predominantly observational and to make
substantial advances and implement in clinical guidelines, additional efforts are needed to

establish international randomized controlled trials.



It remains undetermined whether ablation is a potential management strategy in patients
without recurrent ICD therapy, which is associated with increased morbidity and adverse
psychological effects that need to be balanced with the complexity of an epicardial approach
and the associated risks and costs. ICD implantation remains the gold standard for protection
against sudden death in Brugada patients however it does not target the underlying
arrhythmogenic substrate. Li et al have compared outcomes of catheter ablation in patients with
and without ICD implantation, the latter having declined a device [59]. They reported fewer
events in the ablation group (5.6% vs. 54.5%) however this study should be interpreted with
caution. This study was small (n = 40), the ICD group were older (mean age 47.8 vs. 38.8 years)
and they had a greater proportion of cardiac arrests (45.5% vs. 22.2%) prior to recruitment [59].
Therefore, they may have been at higher risk of arrhythmic events compared to the catheter
ablation group. The study also highlights increasing interest in the application of VT ablation
outside of existing inclusion criteria recommended in current international guidelines. In a
published survey, 36% of included centres consider ventricular ablation as a first line therapy
for recurrent ventricular arrhythmia and 17% would also consider ablation for patients with
high-risk features (symptoms, ECG findings, inducibility at programmed ventricular
stimulation) but without documented arrhythmia [60]. Indeed, given the findings of the
BRULOOP study showing implantable loop recorders detects arrhythmic events in only 30%
of symptomatic Brugada patients with ventricular arrhythmia only documented in 7% of cases,
one must exercise caution in determining which patients will benefit most from ablation [61].

Evidence is needed from randomized control trials to support an expanding the
application of catheter ablation, particularly in individuals asymptomatic at presentation where
the risk of arrhythmic events is low. Risk scores such as the Predicting Arrhythmic evenT [62],
Sieira [63], Shanghai Score System [64] and BRUGADA-RISK [65] score could be tested to
more effectively identify patients with most to gain from an invasive strategy. The proposed
scoring systems and thresholds to consider patients at high risk of ventricular arrhythmia to
warrant ablation are highlighted in Table 2. Studying asymptomatic resting type 1 Brugada
cases will require sizeable international studies including southeast Asia as event rates are so
low — a sample size of around 600 patients would be required to demonstrate the expected
reduction of VF risk at 5 years from 5% with no therapy to 1% with ablation therapy [66]. There
has been no study of the impact of genotype on efficacy or safety of VT ablation. This is likely
due to the relatively small proportion of pathogenic variant carriers included in existing studies
(13% and 35% in the randomized trials by Nademanee et al. [44] and Pappone et al. [53],

respectively). This need to be considered in the design of future randomized studies.
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CONCLUSIONS

There is a growing evidence base illustrating the efficacy of ablation in symptomatic Brugada
Syndrome especially with clearly documented ventricular arrhythmia episodes. However, the
number of studies remains limited with a lack of long-term data on outcomes with randomized
control trials. The identification of patients that may benefit (including those perceived to be
slightly lower risk) and technical challenges (e.g., safe subxiphoid access) remain. These issues
need to be addressed to ensure a robust evidence base to undertake ablation in Brugada

Syndrome especially in asymptomatic subjects.
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Type 1 - “Coved” Type 2 "Saddle-back"
(diagnostic (non-diagnostic)

Figure 1. Electrocardiographic patterns in Brugada syndrome. A. Type 1 Brugada pattern with
J-point elevation and a coved ST segment >0.2 mV. B. Type 2 Brugada pattern with saddle-
shaped ST segment elevation >0.2 mV. Reused with permission [6]

Figure 2. Epicardial substrate ablation targeting late and fractionated potentials. Epicardial
substrate ablation for multiple appropriate shocks in the setting of poorly tolerated quinidine.
Scattered areas of low voltage were observed in the epicardial right ventricular outflow tract
consistent with regions of fibrosis. Late potentials and prolonged fractionated electrograms
extending beyond the surface electrocardiogram QRS were targeted (see example in lower
panel purple signals on left)
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Table 1. Summary of published studies reporting outcomes for VT ablation in Brugada syndrome

First author Yea | Sample % Avera | Inclusion Endo/Epi | Trigger SCB used | Durati | No. of Procedural
r size male | ge age or on of patients | complications
sex Substrate follow | with
up VT/VF
during
follow
up after
ablation
Nademanee 201 |9 100% | 38 Spontaneous Combinati | Substrate | None Mean 1 Pericarditis
[31] 1 years or drug- on reported 20 (11.1%) | (2%)
induced type 1 months
pattern with: (=6
1) recurrent months)
VF despite
medical
therapy
Sunsaneewitaya | 201 | 10 100% | Media | Spontaneous Endocardi | Primarily | Flecainide | 30 4 (40%) | Right bundle
kul [38] 2 n25 or drug- um substrate months branch block
years induced type 1 but PVC for 3 (1%)
(20-27 | pattern with triggers patients
years) | either: targets if ,




1) documented also 12
VF present months
2) for 1
polymorphic patient
VT
3) syncope
4) nocturnal
agonal
respiration
Brugada [67] 201 | 14 100% | 39 Spontaneous Combinati | Substrate | Flecainide | Median | 0 (0%) Pericarditis
5 years or drug- on infusion 5 (1x)
induced type 1 (2 mg/kg in | months
pattern with 10 mins) (range
either: 3.5-
1) symptoms 5.3)

secondary to
ventricular
arrhythmia

2) high
vulnerability
for ventricular
arrhythmia

induction at
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electrophysiol

ogy study
Zhang [43] 201 | 11 100% | Mean | Spontaneous Combinati | Substrate | Procainami | Mean 3 (27%) | Pericarditis
6 48 or drug- on de (1gi.v. 25 (2%)
years induced type 1 over 30 months
(=16 pattern with mins) or (=11
years) | either: propafenon | months)
1) documented e (1.5
VT/VF mg/kg/10m
2) syncope in)
Chung [42] 201 | 15 100% | Mean | Spontaneous Combinati | PVC Flecainide | Mean 1 (6.7%) | None
7 41 or drug- on triggers 18
years induced type 1 and months
10 pattern with substrate =9
years) | either: modificati months)
1) aborted on

cardiac arrest
2) documented

VT/VF
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Pappone [36] 201 | 135 79% Mean | Spontaneous Combinati | Substrate | Ajmaline Median | 2 (1.5%) | Pericardial
7 40 or drug- on (1 mg/kgin | 10 effusion (5%)
years induced type 1 5 minutes) | months managed with
pattern (range medication
referred for an 3-13) only
electrophysiol
ogy study with
potential
indication for
VT/VF
catheter
ablation
Shelke [68] 201 |5 80% Mean | Spontaneous Combinati | Substrate | Procainami | Median | 1(20%) | Pericarditis
7 29 type 1 patterns | on (due to de 46 (2%)
(£3.9 | with electrical insufficien | (10 mg/kg | months Pericardial
years) | storm despite tPVCsin | over 30 (range effusion (1x,
medical all) mins) for 3 | 4-81) same patient)
therapy patients
Nademanee 201 | 33 with 92% | Media | Early Combinati | Primarily | None Mean 14 Pericardial
[69] 9 early (full n 37 repolarisation | on substrate | reported 31 (33%), effusion (1x)
repolarisati | cohort | years study focused. but PVC months | full
on and ) (x14 However triggers (£26 cohort
Brugada years), | included targets if months)
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pattern, 7
with ER
pattern

only

full
cohort

patients with
ER and
Brugada
pattern
(spontaneous
or drug-
induced) with
either:

1) recurrent
VF episodes
2) cardiac or
unknown
syncope

3) agonal
respiration

during sleep

also

present

Salghetti [70]

201

36

72%

Mean
37

years
(16

years)

Diagnosis of
Brugada
syndrome and
calculate risk
of VT/VF of
>6% at 5 years

(based on risk

Epicardial | Hybrid
epicardial
substrate

approach

Ajmaline

Mean
16
months
(+8

months)

2 (5.6%)

Cardiac

tamponade

(1)
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score by Sieira

et al. [63])
Kamakura [71] | 202 | 16 94% | Mean | Spontaneous Combinati | Substrate | None Mean 7 (44%) | None
1 44 or drug- on reported 29
years induced type 1 months
*13 pattern and at (29
years) | least 1 months)
documented
episode of
VT/VF
Mamiya [52] 202 | 1lin 100% | Mean | Diagnosis of Combinati | Substrate | Pilsicainide | Mean 8 None
1 ablation 45 Brugada on guided (i.v. 50 mg) | 42 (72.7%),
group, years syndrome with months | ablation
16 with (full recurrent VF group
ICD only cohort) | episodes and
ICD shock
therapy
Haissaguerre 202 | 19 patients | 100% | Mean | Diagnosis of Combinati | Combined | None Mean 6 (35%) | Cardiac
[72] 2 with 45 Brugada on VF reported 58 tamponade
Brugada years syndrome with triggers months (1x) in total
syndrome (11 previous and cohort
years) | documented substrate (including
VF guided
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cardiomyopathi

es)
Li [59] 202 | 40 (18 89% Mean | VF or Combinati | Primarily | Propafenon | Median | 1(5.5%) | Cardiac
3 underwent 39 syncope, on substrate e 46.2 tamponade
CA) years spontaneous but PVC (1.5 months (1x)
=9 type 1 triggers mg/kg/10 (17.5-
years) targets if | min) 73.7)
also
present
Santinelli [73] 202 | 206 69% | Mean | Spontaneous Combinati | Substrate- | Ajmaline Median | 1(0.5%) | None
4 patients 40.5 or drug- on guided 40
years induced type 1 months
(x 11.6 | pattern with (24-58)
years) | either
1) no
concomitant
ER ECG
pattern
2) aborted

cardiac arrest
or malignant

syncope

27




3)ICD
implantation
4) diagnostic
work up for
syncope
without
documented
VT/VF

5) negative

coronary
angiography
Nademanee 202 | 25in 100% | 43 Spontaneous Combinati | PVC Ajmaline 36 5(20%) | Haemo-
[44] 5 ablation years or drug- on triggers if months pericardium
group, (ablati | induced type 1 present (1%)
25in on pattern with and
control arm group) | either: substrate
1) aborted mapping

cardiac arrest
2) documented
VF

3) agonal
respiration

during sleep
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with difficulty
arousing

4) unexplained
malignant
syncope

5) seizures

suspected of

arrhythmic
origin
Pappone [53] 202 | 26 in 83% | Mean | Spontaneous Combinati | Substrate- | Ajmaline Median | 1 (after | Pericarditis
5 ablation 43.7 or drug- on guided 48.4 single (1x)
group, years induced type 1 months | procedur | Pericardial
14 in (x 12.1 | pattern with e, 3.8%) | effusion
control arm years) | either: requiring drain
1) aborted (1%)
cardiac arrest
2) appropriate
ICD therapy
for VF
Talib [74] 201 | 21 patients | 90.50 | Mean | Spontaneous Endocardia | PVC Pilsicainide | Mean 7 Steam pop
8 % 43 or drug- 1 triggers if 56 (33.3%) | during RVOT
years induced type 1 present months ablation
pattern with and
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14 documented substrate (*37 without
years) | VF/VT storm mapping months) sequelae (1x)
or recurrent Transient
ICD shocks RBBB (2%)
despite
medical
therapy

Abbreviations: ECG, electrocardiogram; ER, early repolarization; ICD, implantable cardioverter-defibrillator; i.v., intravenous; PVC, premature ventricular

complex; RBBB, right bundle branch block; VF, ventricular fibrillation; VT, ventricular tachycardia

Table 2. Examples of Brugada risk scores

Predicting Arrhythmic | Poi | Sieira score Poi | Shanghai score system Poi | BRUGADA-RISK Poi

evenT (PAT) score nts nts nts | score nts

ECG markers ECG markers ECG markers Spontaneous type 1 14

Brugada pattern

T-peak to T-end >100 5 | Spontaneous type 1 | 1 | A. Spontaneous type 1 Brugada ECG 3.5 | Arrhythmic syncope 12

ms pattern at nominal or high leads

Prolonged PR >200 ms 4 | Sinus node disease | 3 | B. Fever-induced type 1 Brugada ECG 3 | Early repolarisation in 12
pattern at nominal or high leads peripheral leads

Fragmented QRS 3 | History C. Type 2 or 3 Brugada ECG pattern 2 | Type 1 Brugada pattern | 9
converting with drug challenge in peripheral leads
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Type 1 in peripheral
leads

aVR sign

Early repolarization in

inferolateral leads

Spontaneous type 1

Aborted SCD

Syncope

Inducible
electrophysiology
study

Early familial SCD

Clinical history

History

Arrhythmic syncope

Unexplained syncope
Family history of SCD
at age <40 years

Atrial fibrillation

Laboratory tests

A. Unexplained cardiac arrest or
documented VF/polymorphic VT

B. Nocturnal agonal respirations

C. Suspected arrhythmic syncope

D. Syncope of unclear mechanism/unclear
etiology

E. Atrial flutter/fibrillation in patients <30

years without alternative etiology

0.5

Family history

A. First- or second-degree relative with
definite BrS

B. Suspicious SCD (with Brugada features)
in first- or second-degree relative

C. Unexplained SCD <45 years in first- or

second-degree relative

0.5
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Positive 2 Genotype
electrophysiological
study
Positive SCN5A4 2 A. Probable pathogenic mutation in BrS 0.5
susceptibility gene
Score to define high >1 | Score to define >2 | Score to define high risk >5. | Score to define high risk | >2
risk high risk 5 1

Abbreviations: BrS, Brugada syndrome; ECG, electrocardiogram; SCD, sudden cardiac death; other — see Table 1
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