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Synopsis (1-paragraph) 
 
Subsets of patients with Brugada syndrome can present with frequent and recurring 

ventricular fibrillation episodes. Besides medical management with quinidine, only catheter 

ablation can help reduce the arrhythmia burden in these patients. This review explores the 

existing evidence on ablating these individuals’ arrhythmic substrate from the epicardium. 
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Key Points: 

- Catheter ablation in experienced centres should be offered to patients with Brugada 

syndrome and recurring ventricular fibrillation episodes. 

- Obtaining epicardial access and ablating areas of low voltage fractionated potentials 

in the epicardial anterior RV and RVOT is required in most patients. 

- This procedure achieved good results with 75 to 100% of patients being free from 

arrhythmia relapse during a 2 to 3 year follow-up. 

- Complication rate was low.  

- Pericarditis and pericardial effusion were the most frequent adverse events and no 

fatal events were observed.  
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Introduction 

Brugada syndrome is an inherited cardiac channelopathy characterized by a typical ECG 

signature of coved-type ST-segment elevation in the right precordial leads and ventricular 

arrhythmias leading to sudden cardiac death, in the absence of unequivocal structural heart 

disease.1 

The 2017 North American guidelines recommend that an implantable cardioverter 

defibrillator (ICD) is offered to patients spontaneous type 1 Brugada ECG with expected 

meaningful survival of greater than 1 year and cardiac arrest, sustained ventricular 

arrhythmias or a recent history of syncope presumed due to ventricular arrhythmias (Class of 

Recommendation I, Level of Evidence B obtained from non-randomized trials).2 The 2015 

European Society of Cardiology guidelines also recommended an ICD for patients with a 

diagnosis of Brugada syndrome who a) were survivors of cardiac arrest or b) had 

documentation of sustained VT (Class of Recommendation I, Level of Evidence C). 

Consideration should be also be given to patients with spontaneous type 1 ECG and history 

of syncope (Class of Recommendation IIa, Level of Evidence C), or those developing 

ventricular fibrillation (VF) during programmed ventricular stimulation (Class of 

Recommendation IIb, Level of Evidence C).3 

Small case series some authors have suggested quinidine as an alternative to the ICD in 

selected patients,4,5 or as an option for the prevention of arrhythmic storms.6 Accordingly, 

guidelines suggest its use in patients with Brugada syndrome patients with malignant 

arrhythmias who either are not candidates for or decline an ICD, and ICD recipients with 

recurring events.2,3  

Another treatment alternative for preventing sustained ventricular arrhythmia events is 

catheter ablation. On the recent Expert Consensus on catheter ablation of ventricular 
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arrhythmias it has a class IIa recommendation, level of evidence B from non-randomized trials, 

for patients experiencing recurrent sustained arrhythmia episodes of ICD therapies.7  The 

recent North American guidelines for the management of ventricular arrhythmias and 

prevention of sudden cardiac death assign catheter ablation a class I recommendation, level 

of evidence B from non-randomized trials, to the specific subsets of patients: (a) patients with 

Brugada  syndrome and spontaneous type 1 ECG and symptomatic ventricular arrhythmias 

who are either not candidates to or decline and ICD, and (b) patients with Brugada syndrome 

implanted with an ICD and experiencing recurrent ventricular arrhythmia episodes.2 In the 

following paragraphs we will discuss this treatment option and the available evidence in more 

detail. 

 

Electrophysiological Mechanisms in Brugada Syndrome 

 

The mechanism of the Brugada pattern ECG is still a focus of much debate being broadly 

categorised into the “Depolarisation” and “Repolarisation” hypotheses respectively. The 

former explains the ECG patter on the basis that there is a phasic difference in depolarisation 

of the right ventricular outflow tract and RV body with the delay between the 2 promoting a 

voltage gradient between the 2 leading to the coved ST elevation. There is certainly evidence 

to support this from endocardial mapping studies which have demonstarted marked 

conduction delays in the RVOT of Brugada patients.8,9 The alternative repolarisation 

hypothesis arises from mechanistic studies in the canine wedge preparation which 

demonstrates that pharmacologically induced action potential duration differences in the 

epicardium and endocardium result in a transmural repolarisation gradient. These gradients 

are exaggerated by the spike & dome shaped epicardial action potential which is shorter in 
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duration than the endocardial action potential. Epicardial mapping studies have 

demonstrated that this action potential shortening does exist in humans and promotes the 

transmural gradients that can induce the Brugada pattern ECG.10 (can’t find this paper) 

However, in order for these  gradients to be maintained and not eliminated by electrotonic 

coupling, it is recognised that structural abnormalities in the form of fibrosis will enable these 

gradients to be maintained and indeed recent data from myocardial biopsies in Brugada 

patients supports this demonstrating the presence of fibrosis and connexin downregulation 

which will promote cellular electrical uncoupling.11 Indeed, these structural changes will 

promote current-load mismatch delaying endo-epicardial activation and lead to ST elevation 

on the ECG in its own right without having to invoke epicardial action potential shortening in 

the mechanism. Epicardial mapping studies have demonstrated fractionated electrograms 

which support discontinuous conduction,12 although Anzelevitch proposes these can be 

explained by localised phase 2 re-entry also reproducing a fractionated bipolar signal.13 The 

fact that ajmaline promotes more fractionation in the diseased epicardium in Brugada 

patients strongly supports the depolarisation hypothesis with structural abnormalities with 

endo-epicardial conduction delay. These controversies could be resolved by epi-endocardial 

mapping studies studying effects of pacing and ajamline on the conduction-repolarisation 

charcteristics of the RVOT endo and epicardium. 14 

 

Trigger ablation using an endocardial approach 

 

Haïssaguerre and colleagues were the first to map and ablate ventricular fibrillation (VF) 

triggers in Brugada syndrome patients with good results leading to changes in VF-inducibility 

status, and prevention of VF relapse.15 These 3 Brugada syndrome patients had frequent 
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isolated or repetitive premature beats which could be mapped to the endocardium of the 

right ventricular outflow tract or to the anterior right ventricular Purkinje network. However, 

the occurrence of these triggers is unpredictable and usually not occurring spontaneously, 

which makes this approach applicable only to a small subset of patients. 

More recent work from the Bordeaux group has shown that the low voltage fractionated 

potential found in the epicardium could be eliminated in 2 patients through long periods of 

endocardial ablation (22 to 30 minutes of radiofrequency ablation with 30-35W).16 In the third 

case, additional epicardial ablation was required. The same group used the multipolar 

radiofrequency ablation catheter (nMARQ, Biosense-Webster ) with 25W for a mean of 

10 minutes, and achieved isolation of the RV outflow tract, elimination of the type 1 Brugada 

pattern, disappearance of epicardial potentials, and freedom from ventricular fibrillation 

relapse at 2 years follow-up in a series of 3 patients.17 

Talib and colleagues have developed a step-wise endocardial ablation approach for treating 

patients with drug-refractory VF/ electrical storm.18 Through a first step of identification and 

ablation VF triggers, and performing endocardial mapping and ablation of VF substrates with 

ventricular electrograms exhibiting abnormal low-voltage and fractionation in a second step, 

the authors were able to achieve moderate success observing freedom from VF relapse in 14 

out of 21 patients during a 5-year follow-up.  

 

Epicardial approach – mapping the epicardial substrate 

 

A new epicardial mapping technique was developed in the 90s by Sosa and colleagues, in 

Brasil.19 This group was dealing with the endemic and challenging substrate of Chagasic 

cardiomyopathy with recurrent ventricular tachycardia despite endocardial ablation. It took 
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nearly 20 years, but the introduction of the sub-xifoid approach to enter the pericardial space 

was one of cornerstone steps to make Brugada syndrome ablation with acceptable efficacy a 

reality. 

Nademanee and colleagues changed the paradigm of catheter ablation for Brugada syndrome 

after their landmark 2011 publication.20 In a series of 9 patients with Brugada syndrome and 

recurrent ICD therapies for VF the authors identified unique abnormal low voltage, prolonged 

duration, and fractionated late potentials clustering exclusively in the anterior aspect of the 

RV outflow tract epicardium. The authors classified this as the substrate for Brugada 

syndrome ECG changes and arrhythmogenecity and concluded that this was proof that the 

electrophysiological mechanism in this disease was delayed depolarization. Interestingly, all 

electrograms in the corresponding endocardial sites were normal. As a proof of this concept, 

ablation of these sites rendered 7 of these patients non-inducible (VF was inducible in all 

before ablation) and normalized the type-1 Brugada ECG pattern in 8. Additionally no 

recurrent events were observed during a 20-month follow-up and all patients, but one, were 

free from anti-arrhythmic drugs. 

Brugada et al. developed an ablation protocol including drug-challenge with flecainide to 

unmask the functional substrate of Brugada syndrome.21 An increase in the area of low 

voltage fractionated components after administering the drug was observed for every patient. 

After ablation drug-challenge was used once again to confirm non-inducibility of type 1 BrS 

pattern, and hence acute procedural success. In cases where type 1 pattern was still present 

further mapping and ablation was performed until the type 1 pattern could not be induced.  

With this approach, the authors acutely eradicated type-1 pattern in all patients, and the ECG 

remained normal after median follow-up of 5 months. All patients had ventricular 

arrhythmias inducible prior to ablation, but after elimination of the type-1 pattern this was 
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no longer possible despite aggressive ventricular stimulation. During follow-up ICD 

interrogation showed no arrhythmic events. 

Subsequently, this group of authors adopted an ajmaline-based approach and a CARTO-

algorithm allowing them to create potential duration maps in a semi-automated way to map 

the area of Brugada syndrome substrate in 135 patients and confirmed the previously 

reported preliminary results.22  

Pappone and colleagues, have studied the association of substrate and VF inducibility in a 

series of 191 patients. They observed that the extension / area of Brugada syndrome 

substrate is independently associated with arrhythmia inducibility. The authors identified 

4.0cm2 as the area cut-off associated with VF inducibility, and suggested that assessing the 

area of substrate (using ajmaline to induce type-1 pattern if not present at baseline) can be 

used to identify high-risk patients missed by standard clinical criteria.23  

 

Clinical Experience  

 

After a brief search of the literature we identified 9 case series including 5 or more patients 

receiving epicardial ablation.20-22, 24-29 All included relatively young populations with mean 

ages ranging from 37 to 48 years (Table 1). Cohorts were composed mostly, or exclusively, of 

men, and nearly all patients had had ICDs. Brugada and Pappone ablated more than 50% of 

patients without previous ICD therapies or documented spontaneously occurring VF prior to 

ablation.21,22  

With regards to ablation protocol, minor differences were observed between the different 

groups of experts (Table 2). All groups except two 27,29 routinely tested for VF inducibility at 

the start of the procedure. Substrate ablation was performed exclusively in all but two case 
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series. 25, 28 Drug challenge during the procedure was performed in most cohorts, but drugs 

utilized for induction of the functional substrate varied: Ajmaline22, 27-29 and Flecainide, 21,25, 

were among the different class Ic anti-arrhythmic drugs used. A class Ia drug, Procainamide, 

was used in some of the studies,24,26,28 and Chung et al. described the use of instilled warm 

water for the same purpose.25  

Most groups mapped the epicardium using 3.5mm non-irrigated catheters. Use of the 

Pentaray was reported by two groups25, 29 , the Decanav was also used in two case series,28,29 

one group reported use of a circular mapping catheter.28  No consensus was observed in the 

utilized ablation settings power ranging from 30 to 50W. Ablation duration for each lesion 

was not reported frequently, and varied from 30s to 120s. Similarly, duration of 

radiofrequency varied widely even in the same study, going from slightly over 5 minutes in 

some cases to beyond 30minutes in others, which can be explained by the differences in 

functional substrate area observed in this population. In most studies ablation was performed 

exclusively in the epicardium, usually in the anterior RV outflow tract area. Nademanee et al. 

observed that in patients with early repolarization syndrome and Brugada syndrome 

substrate was also very frequently present (in nearly 90%) in the RV inferior wall.28 A minority 

of patients required additional endocardial ablation (Table 2). 

3D mapping was used in all cases, with CARTO 3 being the mostly frequently used. A minority 

of cases were performed with Ensite NavX. 26, 27 Our group has experience of ablating one 

patient using the Rhythmia system,30 but no further experience has yet been reported. 

Most groups perform point by point mapping with annotation/tagging of areas of interest. A 

specific and non-commercially available, algorithm for automatic measurement of potential 

duration, allowing their marking on CARTO (i.e. a potential duration map) was used by 

Pappone et al.22 Our group has observed that Ripple Mapping can be used to identify and 
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delineate the areas of long and low voltage fractionated electrograms in the RVOT 

epicardium.29 Retrospective use of this approach identified important areas which were 

missed for ablation in a patient who later relapsed.31 

The acute procedural endpoint for all cases was eliminated of the functional substrate and 

disappearance of the type-1 Brugada syndrome pattern. Most studies performed a drug 

challenge at the end to confirm non-inducibility of type 1 pattern after substrate ablation. All 

studies except one tested for VF inducibility post ablation.29 

Mid-term ablation results were good with freedom from ventricular arrhythmia relapse (73 

to 100%) and type-1 Brugada pattern in most patients (64 to 100%), and a minority of patients 

requiring anti-arrhythmic drugs post ablation (0 to 33%). 

 

Potential caveats of the epicardial approach 

 

Since its original description by Sosa and colleagues,19 the epicardial approach for ablation of 

arrhythmias has been adopted worldwide in experienced centers. Even though the risk of and 

severity complications reported in the literature is not negligible, in our cohort of patients, 

ablated in experienced centres, side effects were minor and non-lifetreating (pericardial 

complications in a minority of patients) (Table 3). 

Interestingly, the most severe side effect occurred due to Ajmaline use to unmask the 

functional substrate in the RV outflow tract. 

 

Future prospects 
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The role of prophylactic ablation is still a matter of discussion. There is currently an ongoing 

trial for addressing that matter, the “Ablation in Brugada Syndrome for Prevention of VF” 

(BRAVE).32 This trial plans to enrol 200 patients with Brugada syndrome implanted with ICD 

or with an ICD therapy within the last 5 years, and randomize them to ablation vs. 

conventional care, with a follow-up of 3 years. The estimated completion date will be July 

2021.  

The early repolarisation pattern has been associated with idiopathic VF and there is emerging 

data that the sites of VF drivers correspond to regions of fractionation in the epicardium 

causing J point elevation through similar mechanism to the Brugada pattern ECG.28 In a recent 

study, Nademanee et al. demonstrated that there are 2 groups of Idiopathic VF substrates 

linked to the Early Repolarization Syndrome/J-wave syndrome: one with late depolarization 

abnormality as the underlying mechanism of high-amplitude J-wave elevation that 

predominantly resides in the RV outflow tract and RV inferolateral epicardium (group 1), and 

the other with pure ERS devoid of VF substrates but with VF triggers that are associated with 

Purkinje sites (group 2). Ablation was effective in treating symptomatic patients with Early 

Repolarization Syndrome/J-wave syndrome with frequent VF episodes. In this study the sites 

of abnormal fractionated electrograms were eliminated by ablation of the epicardial sites 

using the same ablation settings as in Brugada substrates described above. Using ECG Imaging 

they demonstrated that late depolarization areas co-localize with VF drivers. 

 

A Brugada pattern ECG was present in most patients in category 1 (33 patients), who were 

then classified as group 1A. The remaining 7 patients in group 1, category 1B, did not have a 

Brugada type 1 ECG pattern, and the late depolarization abnormalities were located mostly 

in the RV inferior wall. Ablation results in this series of patients with early repolarization were 
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good, with only 3 of the 33 patients with Brugada ECG receiving ablation presenting with VF 

relapse, and all of the 5 patients in group 1B and 6 in group 2 receiving ablation remaining 

free from sustained ventricular arrhythmias. 

 

Summary / Discussion 

- Catheter ablation is useful for reducing the arrhythmia burden in Brugada syndrome 

patients with recurring episodes of VF.  

- Even though the epicardial approach has been associated with severe complications, 

no fatal event or life-changing complications were observed in our review from the 

literature which included highly experienced centers. 

- A Drug-challenge with class Ic agents is frequently required for mapping the full-extent 

of the target area. 

- Controversy still exists regarding the procedural endpoint of catheter ablation of 

Brugada syndrome, but complete eradication and ablation of the functional substrate 

should be achieved. Ideally this should lead to the disappearance of the type 1-ECG 

pattern. 

- Debate still exists regarding eradication of the type-1 Brugada pattern and achieving 

VF non-inducibility at the end of the procedure and their meaning. However, our 

literature search showed that patients where these acute endpoints were achieved 

can still experience VF relapse during follow-up.28 

 

- It is thought that ablation may eliminate the typical type-1 Brugada ECG and obliterate 

the RV outflow tract transmural gradient by 2 mechanisms: i) Removal of the 

epicardial layer of shortened action potential cells or ii) Creation of a transmural lesion 
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to obliterate the entire segment of abnormal tissue. In theory the latter would be 

expected to promote depolarisation delay between the RV body and RV outflow tract 

and exaggerate the Brugada ECG unless a significant area of delay is neutralised (or 

simply eliminating the endo-epicardial site of current-load mismatch to prevent ST 

elevation). 
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Figure 1 – example of EGM with typical potentials 
 
 
 
 
Figure 2 – example of Ripple mapping 
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Table 1 – Clinical experience - Epicardial approach for ablation of Brugada syndrome - Baselines 

Study Id 
N, 

% of men 
Mean Age Region/Countries ICD 

ICD therapies 
or 

Documented 
VF prior to 
Ablation 

SCN5A 
mutation 

Spontaneous 
Type-1 BrS 

ECG  

Use of 
Quinidine 

Other anti-
arrhythmic 

agents 

Nademanee 
2011 20 

9 
100% 

39 Thailand 100% 100% NS 78% 0% 
Amiodarone 

in 100% 

Brugada 2015 
21 

14 
100% 

37 Italy 100% 43% 29% 86% NS NS 

Zhang 2016 24 
11 

100% 
48 China, USA 73% 82% 40% 82% NS NS 

Chung 2017 25 
15 

100% 
41 Taiwan NA 100% 20% 53% NS NS 

Pappone 2017 
22 

135 
78.5% 

39-40 Italy 100% 47% 24% 23% NS NS 

Shelke 2018 26 
5 

80% 
29 India 100% 100% NS 100% 40% 

Cilostazol in 
100% 

Haanschoten 
2019 27  

6 
83% 

43 Netherlands 100% 100% 67% 100% 83% NS 

Nademanee 
2019 28 

32 
100% 

39 
Thailand, USA, 

Japan, France, UK 
100% 92% 19% 64% 27% NS 

Providencia 
2019 29 

8 
75% 

44 
Brazil, France, 
Portugal, UK 

88% 75% NS 75% 50% No 
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Table 2 - Clinical experience - Epicardial approach for ablation of Brugada syndrome - Procedural data 
 

Study Id 
Ablation of 
Triggers / 
Substrate  

Ablation Site Epic. 
Ablation Site 

Endo. 

Drug Challenge 
During 

Procedure 

Power Settings (W) and 
Ablation Catheter 

Time per 
ablation 
lesion (s) 

Ablation 
time 
(min) 

Mapping System 

Nademanee 
2011 20 

Substrate 

Anterior RVOT (+++) 
 

RV 
 

None 
(all electrograms 
were normal in the 

Endocardium) 

NS 

30-50W 
NaviStar-ThermoCool 

3.5-mm-tip NaviStar-ThermoCool,  
Biosense Webster © 

NS 6 to 32 
CARTO XP 

EP Navigation System, 
Biosense Webster © 

Brugada 
2015 21 

Substrate 

Anterior RV free wall 
 

Anterior 
RVOT 

None Flecainide 

Max 40W 
NaviStar-ThermoCool 

3.5-mm-tip NaviStar-ThermoCool, 
Biosense Webster © 

30 to 60s 11 to 35 
CARTO 3, Biosense 

Webster © 

Zhang 2016 
24 

Substrate Anterior RVOT 9% 
Propafenone 
Procainamide 

Up to 50W 
3.5-mm-tip NaviStar-ThermoCool, 

Biosense Webster © 
NS NS 

CARTO 3, Biosense 
Webster © 

Chung 2017 
25 

Substrate + 
Triggers 

RVOT 

Triggers: 
13% LV papillary 

muscle 
 

20% RVOT 

Flecainide 
Warm Water 

Max of 40W in the endocardium and 
30W in the epicardium 

NaviStar- 
3.5-mm-tip NaviStar-ThermoCool or 

Pentaray, Biosense Webster © 

120s 
Mean 
27.5 

CARTO 3, Biosense 
Webster © 

Pappone 
2017 22 

Substrate 
Anterior 

RVOT 
None Ajmaline 

35-45W 
Navistar-ThermoCool SF, Biosense 

Webster © 
NS 12 to 31 

CARTO 3, Biosense 
Webster © 

With Potential Duration 
Mapping software 

Shelke 2018 
26 

Substrate 

Anterior RVOT 
80% 

 
(20% epicardial 
ablation only) 

Ablation in 80%: 
60% ant. wall, 20% 

post. wall, 20% 
septum 

(20% endocardial 
ablation only) 

Procainamide in 
60% 

Epic: 30W, 43’C at 2ml/min 
Endo: 30W, 43’C at 30ml/min 

Thermocool Celsius, 
Biosense Webster © 

Therapy Cool Path, St.JudeMedical © 

NS NS 

Ensite Navx mapping 
system, Abbott© 
CARTO 3 system, 

Biosense Webster © 

Haanschoten 
2019 27  

Substrate Anterior RVOT 
17% requiring 

posteroseptal RVOT 
ablation 

Ajmaline 

NS 
NaviStar, ThermoCool or Smart 

Touch, Biosense Webster © 
or Tacticath, Abbott © 

NS NS 

Ensite Navx mapping 
system, Abbott© 
CARTO 3 system, 

Biosense Webster © 

Nademanee 
2019 28 

Substrate + 
Triggers 

Anterior RVOT/RV 
100% 

 
Inferior RV 85% 

 
Post-Lat LV 3% 

Triggers: 
LV-Purkinge system 

6% 
 

LV-posterior wall 
3% 

UK, France & 
Tailand: Ajmaline 

 
US & Japan: 

Pilsicainide & 
Procainamide 

20-50W 

5g 
Thermocool Celsius, Thermocool 

SmartTouch, Lasso, Decanav, 
Biosense Webster © 

NS 12 to 45 
CARTO 3, Biosense 

Webster © 
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Providencia 
2019 29 

Substrate Anterior RVOT 13% RVOT Ajmaline in 50% 

30-40W 
Thermocool SmartTouch, Pentaray, 

Decanav, 
Biosense Webster © 

?? ?? CARTO (+Ripple mapping) 
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Table 3 - Clinical experience - Epicardial approach for ablation of Brugada syndrome - Outcomes 
 

Study Id 
VF 

inducibility 
pre-ablation 

VF inducibility 
post-ablation 

Drug challenge 
post-ablation 

Mean Follow-
up Duration 

(months) 

Freedom from 
type-1 

Brugada 
pattern 
relapse 

Freedom from 
VT/VF relapse 

Need of 
AADs after 

Ablation 
Complications 

Nademanee 
2011 20 

100% 22% None 20 89% 100% 11% 
Mild pericarditis 

(n=2) 

Brugada 2015 
21 

100% 0% Flecainide 10 100% 100% NS 
Pericarditis  

(n=1) 

Zhang 2016 24 
100%  
(n=9) 

0% 
Propafenone 

(n=9) 
25 100% 73%* 0% 

Pericarditis  
(n=2) 

Chung 2017 25 
100% 
(n=11) 

0% 
Warm water 
instillation 

3-6 
63.6%  
(n=11) 

93% 0% None 

Pappone 2017 
22 

100% 0% Ajmaline 10 98.5% 99.3% 0% 
Pericardial effusion 

(n=5) 

Shelke 2018 26 40% 0% NS 46 100% 80% NS 
Pericarditis  

(n=1) 

Haanschoten 
2019 27  

Not 
performed 

0% 
(attempted in 

4) 
Ajmaline 43 67% 83% 33% 

Electrical storm 
and 

haemodynamic 
deterioration after 

ajmaline  
(n=1) 

Nademanee 
2019 28 

73% 15% NS 27 3% 91% 0% 
Haemopericardium 

(n=1) 

Providencia 
2019 29 

Not 
performed 

Not performed 
Ajmaline in 

50% 
22 100%?? 87.5% 0% 

Haemopericardium 
(n=1) 

* one patient refused an ICD and died suddenly 1 year after ablation. 
 


