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Abstract

Background Brugada syndrome (BrS) is an inherited arrhythmogenic syndrome characterized by cove-shaped
ST-segment elevation in leads V1-V3 and incomplete or complete right bundle branch block. BrS exhibits autosomal
dominant inheritance with incomplete penetrance and a male predominance. It carries a significant risk of sudden
cardiac death due to ventricular fibrillation (VF).

Main body Recent studies have highlighted the presence of epicardial fibrosis as a proarrhythmic substrate in BrS,
revolutionizing our understanding of the disease’s pathophysiology. Catheter ablation has emerged as a crucial
intervention for symptomatic BrS patients experiencing recurrent episodes of ventricular tachycardia (VT) or VF. By
potentially obviating the need for implantable cardioverter—defibrillator (ICD) implantation, epicardial ablation offers
a promising therapeutic approach.

Conclusion This review emphasizes the significance of current evidence and ongoing research in shaping the role
of epicardial ablation as a curative strategy in BrS management, highlighting its potential benefits and the necessity

for further investigation.
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Background

Inherited arrhythmia syndromes contribute significantly
to sudden cardiac death, presenting a challenge in their
diagnosis, management, and risk stratification. Among
these syndromes, Brugada syndrome (BrS) stands out
as a condition that is not yet well defined in terms of its
diagnosis and risk assessment for sudden cardiac death
[1]. Despite advancements in understanding cardiac
channelopathies, there is a need to further explore cur-
rent knowledge in BrS and investigate the potential role
of epicardial ablation as a therapeutic option. Future
studies are anticipated to provide additional insights and
more conclusive answers to address this ongoing issue.
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Main text

Artificial intelligence (Al)-assisted technologies were
not used in the production this article. Authors indepen-
dently searched PubMed, web of science, google scholar,
Cochrane database to identify potential studies, and
papers about BrS from January 1992 to February 2023.
Keywords and medical subject heading search terms
“Brugada syndrome,” "sudden cardiac death,” and “epicar-
dial ablation” were used in several combinations.

Epidemiology of Brugada syndrome

Brugada syndrome (BrS) exhibits a relatively low inci-
dence, estimated to be less than 1% of the popula-
tion. However, despite its infrequency, this syndrome
accounts for more than 10% of all cases of sudden death
and can be responsible for up to 20% of sudden deaths
in individuals with structurally normal hearts [2]. Nota-
bly, BrS demonstrates a clear male predominance, with
an approximate male-to-female ratio of 8:1. The typical
age of presentation for BrS is around 40 years, although
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Fig. 1 12 lead ECG showing a spontaneous Brugada pattern in leads
V1andV2

it is important to recognize that it can manifest at a
younger age too.
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“diagnostic”

Fig. 2 The three types of Brugada pattern ECG

Type 2

Table 1 Comparison between endocardial and epicardial ablation

Saddleback ST elevation
“non diagnostic”
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Diagnosis

The diagnosis of BrS involves the identification of spe-
cific clinical and electrocardiographic features in patients
with a structurally normal heart. It is characterized by
an arrhythmogenic condition presenting with an incom-
plete or complete right bundle branch block pattern on
the electrocardiogram (ECG) (Fig. 1). BrS often exhib-
its autosomal dominant familial transmission; however,
there is frequently incomplete penetrance observed
within affected families.

A definitive diagnosis of BrS can be established in the
presence of a type I spontaneous ECG pattern, which is
characterized by a J-point elevation of>2 mm (Fig. 2).
Clinical symptoms such as sustained ventricular arrhyth-
mia, aborted cardiac arrest, or presumably arrhythmic
syncope further support the diagnosis. In certain cases
where the ECG findings are borderline, the adminis-
tration of a sodium channel-blocking agent, such as
flecainide or ajmaline, can "unmask" the characteris-
tic pattern associated with BrS, aiding in the diagnosis.
Additionally, recording ECG leads V1 and V2 in the sec-
ond and third intercostal spaces can provide valuable
diagnostic information [3] (Tables 1 and 2).

While sudden death can be the initial manifesta-
tion of BrS, the majority of patients typically present
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Type 3
<2mm elevation
“non diagnostic”

Endocardial approach

Epicardial approach

Ablation target Trigger ablation

Substrate modification

Location

Endpoint Non-inducibility of VT/VF

Elimination of PVC inducing VT/VF

Success rate 889% success rate (24)

Septal and anterolateral RVOT

Substrate modification
(low voltage < TmV late potential > 80
ms after end of QRS)

Anterior epicardial RVOT

Non-inducibility of VT/VF
ECG normalization
Elimination of substrate

96% with repeat ablation procedure (25)
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Table 2 Epicardial ablation studies in patients with Brugada syndrome
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Study Type of study # of patients Preexisting ICD Findings
Nademanee et al. (17) Case series 9 All have preexisting ICD  No recurrence of VT or VF in all except for one patient who
remained on amiodarone
Brugada J et al Case series 14 All have preexisting ICD  Ablation of the substrate identified in the presence of flecainide
(20) can eliminate the BrS phenotype
Sacher et al Case report 1 Not reported Ajmaline helps with identifying substrate during epicardial map-
(26) ping
Széplaki G et al Case report 1 No pre-existing ICD Case report of patient who has successful epicardial ablation ICD
27) not implanted
Maeda S et al Case report 1 Pre-existing ICD Bipolar epicardial mapping and ablation in a patient with Brugada
(28) and coexistent J wave
Chung FP et al. (22) Case series 15 Not reported Epicardial warm water instillation enhances substrates
and the increases VT/VF inducibility
Pappone C et al Prospective study 135 All have preexisting ICD  Ajmaline-assisted substrate-based ablation is effective
29
Fernandes GC Systematic review 233 N/A Epicardial ablation is more effective than endocardial ablation
(30) in preventing VT/VF
BRAVO Trial Registry 159 All have preexisting ICD  Ablation treatment is safe and highly effective in preventing VF
31) except for five recurrence in high-risk BrS
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Fig. 3 A baseline ECG showing type 3 Brugada ECG pattern in lead V1 B ECG after the administration of flecainide showing coved ST segment

elevation

with a history of recurrent syncope, particularly during
rest. Several risk factors have been associated with an
increased likelihood of arrhythmia in individuals with
BrS. These include the use of medications that block
sodium current (INa) channels and tricyclic antidepres-
sants, as well as fever due to the temperature sensitiv-
ity of the sodium voltage-gated channel alpha subunit 5
(SCN5A) channel (Figs. 3 and 4).

Additionally, the consumption of heavy meals has been
identified as a potential risk factor for arrhythmia devel-
opment in BrS syndrome.

Genetics

In the context of BrS syndrome, the SCN5A gene is the
most commonly implicated gene, often associated with
loss-of-function mutations. This is in contrast to long
QT syndrome type 3, where SCN5A mutations result in
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gain-of-function. It has been reported that nearly 25% of
individuals with BrS carry variants in the SCN5A gene.
Given the genetic basis of the syndrome, clinical and
genetic testing of probands (the first identified affected
individuals) is strongly recommended not only for diag-
nostic purposes but also for the purpose of family screen-
ing [4].

In the case of BrS, it is important to extend clinical and
genetic testing to all first- and second-degree relatives,
even if they do not exhibit the characteristic phenotype
associated with the syndrome. This comprehensive test-
ing approach is crucial in providing accurate genetic
counseling and identifying individuals who may be at
risk of developing the syndrome or passing it on to future
generations.

Clinicians managing patients with BrS should adopt an
aggressive approach in avoiding and treating fever. Fever
has been recognized as a trigger for arrhythmias in indi-
viduals with BrS due to the temperature sensitivity of the
SCN5A channel. Therefore, prompt management of fever
is essential to reduce the risk of arrhythmic events.

Furthermore, it is important for clinicians to be cau-
tious with the use of medications that block the SCN5A
channel in patients with BrS. To aid healthcare profes-
sionals in making informed decisions regarding drug
safety, resources such as www.brugadadrugs.org [5] pro-
vide valuable information on drugs to be avoided in indi-
viduals with BrS, considering their potential to block the
SCN5A channel and increase the risk of arrhythmias.

By understanding the genetic basis of BrS, conducting
thorough clinical and genetic testing, and implementing
appropriate management strategies, healthcare profes-
sionals can effectively counsel individuals and families
affected by the syndrome, mitigate the risk of adverse
events, and enhance patient care.

Risk stratification

Stratifying the risk of sudden cardiac death (SCD) in
patients with BrS is a challenging yet essential task, con-
sidering that the first manifestation of the syndrome for
most patients is cardiac arrest or sudden cardiac death.
Consequently, the identification and management of
asymptomatic individuals at high risk of sudden death
pose significant challenges within the realm of BrS man-
agement [6].

In patients who have experienced cardiac arrest or are
presenting with presumed arrhythmic syncope, risk strat-
ification strategies may have limited utility since these
individuals are already recognized to be at a heightened
risk of adverse cardiac events. However, for asympto-
matic patients, risk stratification becomes of paramount
importance to guide appropriate management decisions
and preventive interventions.
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Currently, the guidelines neither explicitly endorse nor
discourage the use of electrophysiological studies and
ventricular tachycardia/ventricular fibrillation (VT/VF)
inducibility patterns for risk stratification in patients with
BrS [1]. The role of these methods in predicting future
arrhythmic events and guiding therapeutic interventions
remains to be further elucidated.

In addition to invasive techniques, several noninva-
sive risk stratification markers have been proposed,
with signal-averaged electrocardiograms (ECGs) being
one such example [7]. However, it is important to note
that the available evidence supporting these markers is
derived primarily from small observational studies. Con-
sequently, further validation in larger series is necessary
to establish their utility and reliability in risk stratification
for BrS.

Given the potentially catastrophic consequences asso-
ciated with SCD in BrS, efforts to refine risk stratifica-
tion strategies and identify novel predictive markers are
ongoing. Future research endeavors aimed at establishing
standardized risk stratification approaches and incor-
porating both invasive and noninvasive methods hold
promise in improving the management and outcomes of
individuals with BrS.

Management

The management of patients with BrS poses significant
challenges due to the complex nature of the condition.
Implantable cardioverter—defibrillators (ICDs) play a
crucial role in preventing sudden cardiac death and are
recommended for specific patient groups. According to
the guidelines, ICD implantation is considered a Class
I indication for patients with BrS and a history of prior
cardiac arrest. Furthermore, individuals with BrS who
exhibit a spontaneous type I electrocardiographic pattern
and experience recurrent syncope are also candidates for
ICD placement [8].

While ICDs effectively reduce the risk of sudden car-
diac death, it is important to acknowledge the potential
risks and complications associated with these devices
throughout the patient’s lifetime. This is particularly rel-
evant for younger patients who undergo device implan-
tation, as they may face long-term challenges related to
device performance, battery life, and the need for device
replacement [9].

In addition to ICD therapy, comprehensive manage-
ment of BrS involves patient education and awareness. It
is strongly recommended by the European Society of Car-
diology (ESC) guidelines that all individuals diagnosed
with BrS be educated about the factors that can modulate
or precipitate arrhythmias and advised on how to avoid
these triggers [10]. By providing patients with appropri-
ate knowledge and guidance, the aim is to empower them
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to actively participate in their own care and minimize the
risk of potentially life-threatening events.

In terms of pharmacological treatment, quinidine is
currently the only known effective long-term therapy for
BrS. It has demonstrated benefits in reducing arrhythmic
events and is considered a viable option for patients who
require medical intervention [11]. However, the selec-
tion of medication should be individualized based on the
patient’s specific clinical characteristics and underlying
risk profile.

For asymptomatic patients with BrS who do not exhibit
a spontaneous type I electrocardiographic pattern, the
risk of arrhythmic events is generally low. In such cases,
the implantation of an ICD is not recommended, even if
a sodium channel-blocking drug evokes a type I pattern
on the electrocardiogram [12]. Close monitoring and
regular follow-up are important for these individuals to
detect any changes in their clinical status and promptly
initiate appropriate interventions if needed.

The management of BrS requires a multidisciplinary
approach involving cardiologists, electrophysiologists,
and other healthcare professionals to ensure optimal
patient care and minimize the risk of adverse outcomes.
Ongoing research and advancements in both pharmaco-
logical and non-pharmacological therapies are essential
for further improving the management strategies and
outcomes for individuals with BrS.

Epicardial ablation in Brugada syndrome
The standard therapy for the prevention of SCD in BrS
is an implantable cardioverter—defibrillator (ICD) in
patients who have experienced a prior cardiac arrest or
syncopal events [13]. However, an ICD does not prevent
the occurrence of VF but only terminates malignant ven-
tricular arrhythmias. Anti-arrhythmic medications such
as quinidine can be used to prevent malignant ventricu-
lar arrhythmias in BrS patients, but such medications are
not well tolerated and are associated with side effects [11]
such as thrombocytopenia. Therefore, the need for an
alternative therapy has led to attempts in using catheter
ablation to treat the arrhythmogenic substrate of BrS.
The treatment of BrS patients with recurrent VF using
catheter ablation was first introduced by Haissaguerre
et al. [14]. The approach involved endocardial ablation
of focal triggers of malignant ventricular arrhythmias
originating predominantly from the right ventricular out-
flow tract (RVOT). However, this approach is limited by
mapping premature ventricular complexes (VF triggers)
during the procedure which can be challenging since pre-
mature ventricular beats rarely occur (<1 beat per hour)
in BrS based on Holter monitoring findings [15]. Sub-
sequently, a BrS animal model study demonstrated that
epicardial ablation on the right ventricle was successful
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in eliminating ventricular arrhythmia compared to endo-
cardial approach [16]. This concept was later successfully
applied in humans when Nademanee et al. observed that
RVOT epicardial ablation of VF substrate in BrS patients
with frequent electrical storms proved to be effective in
controlling ventricular arrhythmias during follow-up
in eight of the nine patients [17]. All nine patients had
abnormal intracardiac electrocardiograms characterized
by low voltage (<1mV), prolonged duration (>80 ms),
and fractionated late potentials on the anterior RVOT
epicardium. Ablation at these sites successfully rendered
malignant arrhythmia non-inducible with no recurrence
of VT or VF in all except for one patient who remained
on amiodarone. Interestingly, in BrS VF victims it was
noted that there is increased fibrosis and collagen con-
tent in the RVOT epicardium [18] that may explain the
abnormal and fractionated signals despite the absence of
structural changes based on cardiac MRI findings.

The use of abnormal intracardiac electrocardiogram,
also called arrhythmic electrophysiological substrate
(ASE) [19], described above as a well-defined potentially
reversible arrhythmogenic substrate on the anterior epi-
cardial RVOT with an endpoint of non-inducibility of
VT/VF has changed the landscape of managing BrS. Fur-
thermore, it has been shown that with the use of Ajma-
line (administered as 1mg/kg over 5 min) in BrS patients,
abnormally prolonged and fragmented epicardial poten-
tials are revealed and can be used as targets for catheter
ablation [1]. If Ajmaline is not available, other class I
agents can also be used such as flecainide (2 mg/kg per
10 min) [20] or procainamide. The ablation of ASE has
been demonstrated in multiple studies to reduce recur-
rence of malignant arrhythmia and interestingly it has
been shown to normalize ECG. In fact, the main predic-
tor of VF recurrence necessitating repeat ablation is the
continuing presence of Brugada ECG pattern [21].

The use of catheter ablation has a very promising role
in managing BrS patients; however, further studies are
needed to assert its long-term benefit in preventing
recurrent VFE. Currently, the randomized controlled trial
BRAVE is investigating the benefit of catheter ablation as
a potential curative treatment strategy in patients with
BrS. Meanwhile, catheter ablation can be used in patients
with recurrent VT/VF in experienced centers and
patients should be counseled about the risks associated
with epicardial access and the potential arrhythmogenic
effects of drug administration.

Conclusions

Brugada syndrome, an inherited condition character-
ized by ventricular arrhythmia leading to sudden cardiac
death, has undergone significant advancements in its
management since its initial recognition. Currently, the
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implantation of an implantable cardioverter—defibrillator
(ICD) is indicated for patients who have experienced sud-
den cardiac arrest, documented ventricular arrhythmia,
and/or syncope. Although quinidine can be employed to
manage recurrent ventricular arrhythmia, it is associated
with notable side effects. A significant milestone in the
management of BrS patients with recurrent ventricular
arrhythmia has been the introduction of catheter abla-
tion, particularly the epicardial approach. However, fur-
ther studies are required to establish the efficacy of this
intervention.

Abbreviations

BrS Brugada syndrome

ECG Electrocardiogram

VT Ventricular tachycardia

VF Ventricular fibrillation

ICD Implanted cardioverter-defibrillator
EPS Electrophysiological stimulation
SCD Sudden cardiac death

SD Sudden death

INa Sodium current

SCN5A  Sodium voltage-gated channel alpha subunit 5
ICS Intercostal space

Acknowledgements
None.

Author contributions

OJA was involved in writing draft, collection of references, editing tables. KA
helped in writing paper, revision. YD contributed to revising manuscript, edit-
ing figures, tables.

Funding
None, no relationship to industry.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Granted.

Competing interests
None.

Received: 15 January 2024 Accepted: 26 April 2024
Published online: 07 May 2024

References

1. Pappone C, SantinelliV (2019) Brugada syndrome: progress in diagnosis
and management. Arrhythm Electrophysiol Rev 8(1):13-18

2. Brlek P, Paveli¢ ES, Mesi¢ J, Vrdoljak K, Skelin A, Manola S, Pavlovi¢ N, Cati¢
J, Matijevi¢ G, Brugada J, Primorac D (2023) Case report: state-of-the-art
risk-modifying treatment of sudden cardiac death in an asymptomatic
patient with a mutation in the SCN5A gene and a review of the literature.
Front Cardiovasc Med 6(10):1193878

3. Antzelevitch C, Brugada P, Borggrefe M, Brugada J, Brugada R, Cor-
rado D, Gussak |, LeMarec H, Nademanee K, Perez Riera AR, Shimizu W,

Page 6 of 6

Schulze-Bahr E, Tan H, Wilde A (2005) Brugada syndrome: report of the
second consensus conference. Heart Rhythm 2(4):429-440

4. Juang JJ, Horie M (2016) Genetics of Brugada syndrome. J Arrhythm
32(5):418-425

5. Postema PG, Wolpert C, Amin AS, Probst V, Borggrefe M, Roden DM, Priori
SG, Tan HL, Hiraoka M, Brugada J, Wilde AA. Drugs and Brugada syndrome
patients: review of the literature, recommendations, and an up-to-date
website (www.brugadadrugs.org). Heart Rhythm. 2009 Sep;6(9):1335-41.

6.  Sroubek J, Probst V, Mazzanti A, Delise P, Hevia JC, Ohkubo K, Zorzi A,
Champagne J, Kostopoulou A, Yin X, Napolitano C, Milan DJ, Wilde A,
Sacher F, Borggrefe M, Ellinor PT, Theodorakis G, Nault |, Corrado D, Wata-
nabe |, Antzelevitch C, Allocca G, Priori SG, Lubitz SA (2016) Programmed
ventricular stimulation for risk stratification in the brugada syndrome: a
pooled analysis. Circulation 133(7):622-630

7. Huang Z, Patel C, LiW, Xie Q Wu R, Zhang L, Tang R, Wan X, Ma Y, Zhen
W, Gao L, Yan GX (2009) Role of signal-averaged electrocardiograms
in arrhythmic risk stratification of patients with Brugada syndrome: a
prospective study. Heart Rhythm 6(8):1156-1162

8. Honarbakhsh S, Providencia R, Lambiase PD (2018) Risk stratification in
brugada syndrome: current status and emerging approaches. Arrhythm
Electrophysiol Rev 7(2):79-83

9. Hernandez-Ojeda J, Arbelo E, Borras R et al (2017) Patients with brugada
syndrome and implanted cardioverter-defibrillators: long-term follow-up.
J Am Coll Cardiol 70(16):1991-2002

10. Priori SG, Blomstréom-Lundqvist C, Mazzanti A, ESC Scientific Document
Group et al (2015) Guidelines for the management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death: The
Task Force for the Management of Patients with Ventricular Arrhythmias
and the Prevention of Sudden Cardiac Death of the European Society of
Cardiology (ESC). Endorsed by: Association for European Paediatric and
Congenital Cardiology (AEPC). Eur Heart J 36(41):2793-2867

11. Belhassen B, Glick A, Viskin S (2004) Efficacy of quinidine in high-risk
patients with Brugada syndrome. Circulation 110(13):1731-1737

12. Silvia Priori SG, Wilde AA, Horie M et al (2013) HRS/EHRA/APHRS expert
consensus statement on the diagnosis and management of patients with
inherited primary arrhythmia syndromes: document endorsed by HRS,
EHRA, and APHRS in May 2013 and by ACCF, AHA, PACES, and AEPC in
June 2013. Heart Rhythm 10(12):1932-1963

13. El-Battrawy |, Roterberg G, Liebe V et al (2019) Implantable cardioverter-
defibrillator in Brugada syndrome: long-term follow-up. Clin Cardiol
42(10):958-965

14. Haissaguerre M, Extramiana F, Hocini M et al (2003) Mapping and abla-
tion of ventricular fibrillation associated with long-QT and Brugada
syndromes. Circulation 108(8):925-928

15. Krittayaphong R, Veerakul G, Nademanee K, Kangkagate C (2003) Heart
rate variability in patients with Brugada syndrome in Thailand. Eur Heart J
24(19)1771-1778

16. Morita H, Zipes DP, Morita ST, Lopshire JC, Wu J (2009) Epicardial ablation
eliminates ventricular arrhythmias in an experimental model of Brugada
syndrome. Heart Rhythm 6(5):665-671

17. Nademanee K, Veerakul G, Chandanamattha P et al (2011) Prevention of
ventricular fibrillation episodes in Brugada syndrome by catheter ablation
over the anterior right ventricular outflow tract epicardium. Circulation
123(12):1270-1279

18. Nademanee K, Raju H, de Noronha SV et al (2015) Fibrosis, Connexin-43,
and Conduction Abnormalities in the Brugada Syndrome. J Am Coll
Cardiol 66(18):1976-1986

19. Brugada J, Campuzano O, Arbelo E, Sarquella-Brugada G, Brugada R
(2018) Present status of Brugada syndrome: JACC state-of-the-art review.
J Am Coll Cardiol 72(9):1046-1059

20. Brugada J, Pappone C, Berruezo A et al (2015) Brugada syndrome
phenotype elimination by epicardial substrate ablation. Circ Arrhythm
Electrophysiol 8(6):1373-1381

21. Chokesuwattanaskul R, Nademanee K (2021) Role of catheter ablation for
ventricular arrhythmias in brugada syndrome. Curr Cardiol Rep 23(5):54

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://www.brugadadrugs.org

	Brugada syndrome: a review and the role of epicardial ablation in management
	Abstract 
	Background 
	Main body 
	Conclusion 

	Background
	Main text
	Epidemiology of Brugada syndrome
	Diagnosis
	Genetics
	Risk stratification
	Management
	Epicardial ablation in Brugada syndrome

	Conclusions
	Acknowledgements
	References


