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1 | INTRODUCTION

Brugada syndrome (BrS) is a rare electrical abnormality of the heart.!
BrS is relatively uncommon, with an estimated global prevalence
of 0.05% and a Brugada pattern frequency of 0.4%. However, in-
dividuals of Southeast Asian descent show a higher prevalence, at
approximately 3.7 per 1000.? Patients who initially arrived with
syncope and a spontaneous BrS ECG sign had a 19% likelihood of
recurrence, compared to 69% for those who present with aborted
sudden death.® Because of the underlying genetic and cellular anom-
alies in the heart's electrical circuitry, ventricular arrhythmia (VA) in
BrS may recur.

Quinidine or catheter ablation has been effective in lowering the
frequency of implantable cardioverter-defibrillator (ICD) shocks in
patients with ventricular fibrillation (VF) who experience recurrent
shocks. However, up to 37% of people may experience negative side
effects from quinidine, and quinidine is unavailable in many nations.
The ST-segment elevation in the right precordial leads and the inci-
dence of VF in BrS patients may be caused by an aberrant fibrotic ar-
rhythmogenic substrate in the epicardial Right Ventricular Outflow
Tract (RVOT), according to electrophysiological mapping data con-
nected to histological investigations. In 75% of patients, ablation of
these aberrant regions can significantly reduce recurrent VF and re-
turn the ECG to normal.*®

The main cause of BrS is an aberrant electrical substrate in the
right ventricular outflow tract (RVOT), more precisely in the myocar-
dium's epicardial layer. Abnormalities in depolarization and repolar-
ization cause reentrant circuits, delayed activation, and slowing of
conduction, which increases the risk of VF or ventricular tachycardia
(VT). The distinctive ST-segment elevation in BrS is caused by epi-
cardial anomalies, including conduction delay and decreased sodium
channel expression.®

In BrS, the arrhythmogenic substrate is frequently limited to the
RVOT's epicardial surface. Arrhythmia-causing triggers and circuits
are eliminated by ablation of this epicardial substrate.” Endocardial
ablation is inadequate in BrS because the aberrant substrate is
mainly in the epicardium. In drug-resistant VF, endocardial ablation
of VF triggers with substrate modification is a reasonable first line
of treatment. If QRS notch or fractionated electrograms are pres-
ent at the endocardial surface of the RVOT, endocardial ablation is
insufficient, and an epicardial approach may be a more successful
final strategy. This study aimed to evaluate the long-term benefits of
epicardial RFA and its benefit for recurrent VA in BrS.

2 | METHODS

2.1 | Study design

A thorough search strategy was implemented to identify relevant
studies for inclusion in this systematic review and meta-analysis.
Searches were conducted across several electronic databases,
including PubMed, Science Direct, Cochrane Library, and ProQuest.

The database for BrS ablation studies was first accessed on June
2024. The search spanned from the inception of each database up
to September 2024. The keywords used for the search included
“ablation,” “brugada,” and “ventricular arrhythmia.” Titles and
abstracts of all identified studies were screened, and reference lists
from these studies were also reviewed to locate additional relevant
research. The search process followed PRISMA 2020 guidelines, and
the study was prospectively registered in the PROSPERO database
(CRD42024594484). Study selection was carried out independently
by the authors, who applied predefined inclusion criteria, focusing
on studies investigating outcomes of catheter or surgical RFA in
patients with BrS, using previously established diagnostic criteria.
Final study eligibility was determined after a full-text review, and
any disagreements were resolved through discussion among the

authors.

2.2 | Eligibility criteria

Studies were eligible for inclusion if they met the following criteria:
(1) the study population comprised patients diagnosed with BrS
according to established diagnostic criteria; (2) the intervention
involved catheter-based or surgical RFA aimed at treating VA in
BrS; (3) the study reported relevant clinical outcomes, including VA
recurrence and/or all-cause mortality; and (4) both interventional
and observational study designs were considered. No restrictions
were applied with regard to language, publication year, or duration

of follow-up.

2.3 | Outcomes measured

The primary outcomes assessed in this study include the recurrence
of VT, sudden cardiac death (SCD), and all-cause mortality. Any
additional relevant outcomes were incorporated if present. VT
recurrence was defined by the documentation of sustained episodes
of VT during follow-up, identified through ECG, 24-hour Holter
monitoring, or appropriate ICD responses (shock or anti-tachycardia
pacing). VT recurrence data were gathered pre- and postablation for
each patient. SCD was defined as unexpected death from cardiac
causes occurring suddenly, usually within 1 h, as documented
during follow-up. All-cause mortality included any death reported
during the follow-up period, regardless of cause. Subgroup analyses
were performed based on the ablation site, whether epicardial,

endocardial, or a combination of both.

2.4 | Data extractions and quality appraisal

Standardized forms were used to extract key information from each
included study, covering three main areas: study characteristics,
population characteristics, and outcomes. For study characteristics,
the following details were recorded: (i) author and year of publication,
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(i) country of study, (i) study design and methodology, (iv) total
sample size, and (v) follow-up duration. Population characteristics
included: (i) baseline demographic and clinical features, (ii) type of
ablation procedure (catheter and/or surgical), and (iii) ablation site
(epicardial and/or endocardial). Outcome data were extracted based
on the endpoint measures specified in the study, with a focus on
the primary and secondary outcomes outlined in the current meta-
analysis protocol.

The methodological quality of the studies will be assessed using
appropriate evaluation tools. For RCTs, the assessment will be con-
ducted using the Cochrane Risk of Bias Tool, which evaluates bias
across seven domains, including randomization, allocation con-
cealment, blinding of participants and researchers, and outcome
reporting. For nonrandomized studies, quality assessment will be
conducted using the Newcastle-Ottawa Scale (NOS), which eval-
uates participant selection, group comparability, and outcome as-
sessment. Potential biases, whether from study design, reporting,
or publication, will be identified and reported. Any discrepancies
between reviewers during the quality assessment were resolved
through detailed discussions. If consensus could not be reached,
a third independent reviewer was consulted to adjudicate the

differences.

2.5 | Quality assessment and statistical analysis

For interventional studies, such as randomized controlled trials (RCTs),
the risk of bias was categorized as low, moderate, or high. Observational
studies were assessed using the previously stated scoring system, clas-
sifying them as low quality (<5 points), moderate quality (5-7 points),
or high quality (>7 points). Only studies with low risk of bias or rated as
high quality were included in the quantitative analysis.

Data for a specific variable were synthesized only if it was re-
ported in at least two included studies. Continuous variables were
presented as means with standard deviation (SD). Heterogeneity
among study populations was evaluated using the 1? and T? sta-
tistics. When I? was <50% or T? >0,05, a Mantel-Haenszel (M-H)
fixed-effect model was applied to summarize data; if criteria were
not met, a random-effects model was used. Subgroup analyses of
primary outcomes were compared with the Z statistic. Funnel plots
were used to assess publication bias. All analysis was performed
using Review Manager 5.4.

3 | RESULTS

3.1 | Selection of the studies

The selection of study process adhered to the PRISMA 2020 guide-
lines. At the beginning of the study selection process, a primary
search was conducted, which yielded an initial total of 3147 studies.
After following the PRISMA guideline, a total of 17 studies met all the
inclusion criteria and were suitable to include in this study (Figure 1).

3.2 | Characteristics of included studies

4,8-23 All

There was a total of 17 studies included in this study.
of the included studies were cohort studies. The population
of the included studies was 769 patients in total, with 712 BrS
patients. Most of the included studies were conducted in Asia.
The shortest follow-up duration of the included studies was ap-
proximately 5months,® while the longest was 86.4months.'®
The ablation techniques used in the included studies were epi-
cardial ablation, endocardial ablation, and the combination of
those two techniques. The outcomes measured in the included
studies included ECG pattern and parameter,*8 1113715 VA recur-

48,9,11-20,22,23 complication rate,®%11 SCD recurrence,?° and

rence,
ICD shock.”'%2! From the included studies, ablation treatment
either—epicardial, endocardial, or a combination of both—is ef-
fective in preventing VA recurrence, decreasing the number of
ICD shocks in BrS, and improving the arrhythmic outcomes in
patients who decline ICD implantation. Although not all of the
included studies performed endocardial ablation, some of them
reported that endocardial ablation can be considered an alterna-
tive to epicardial ablation when targeting regions near the coro-

nary artery!?1>1%20.22 (Tap|e 1),

3.3 | Quality of included studies

The NOS scale examines several key factors that influence the
overall reliability of a study, including selection, comparability of
cohorts, and the assessment of outcome. Each of these criteria is
scored, allowing researchers to rate the study quality on a spectrum
ranging from poor to good. Based on the NOS for cohort studies, the

studies included had fair to good quality (Table 2).

3.4 | Recurrent ventricular arrhythmia

Our analysis included a total of 712 patients with BrS, shows that
RFA is associated with a substantial reduction in event recurrence
in patients, as indicated by the pooled risk ratio of 0.17 (CI95%
0.07-0.43; p-value <.0001). However, the studies included show
a high level of heterogeneity, indicated by an 1? value of 94% (p-
value <.00001) suggesting differences in the magnitude of the
effect across the studies. Furthermore, the funnel plot indicates
some degree of asymmetry, which may suggest the presence of
publication bias or heterogeneity, especially among the smaller
studies (Figure 2A).

To address this issue and gain further insight into the differ-
ential effects of the ablation strategies, we performed subgroup
analyses based on the ablation site—specifically, epicardial ver-
sus endocardial ablation. This stratification was chosen because
Brugada syndrome is characterized by an arrhythmogenic sub-
strate predominantly located in the epicardium. Epicardial ablation,
therefore, represents a targeted substrate modification approach,
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[ Identification of studies via databases and registers J

Records removed before screening (n = 2330)

Records excluded (n = 729)

Reports not retrieved (n = 4)
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FIGURE 1 PRISMA flow diagram.

whereas endocardial ablation primarily aims to eliminate arrhyth-
mia triggers, such as premature ventricular contractions and mono-
morphic ventricular tachycardia. By analyzing these subgroups
separately, we sought to clarify the relative effectiveness of each
technique and provide a more nuanced interpretation of the treat-
ment outcomes.

In subgroup analysis, the overall pooled risk ratio for epicardial
ablation and endocardial ablation was 0.13 (95% CI 0.06-0.30; p-
value <.00001) and 0.35 (95% CI 0.09-1.30; p-value=.12), which
suggests a significant reduction in the event rates after epicardial
ablation but not after endocardial ablation. However, the test for
subgroup differences showed that there was no statistically signif-
icant difference between the epicardial and endocardial subgroups
(Chi2=1.47; p-value=.22; 12=31.1%). Furthermore, the funnel plot
also indicates some degree of asymmetry both in the epicardial
and endocardial ablation groups, which may suggest the presence

of publication bias or heterogeneity, especially among the smaller
studies (Figure 2B).

3.5 | Implantable cardioverter-defibrillator shocks
Our analysis included a total of 456 patients with BrS, showing
that RFA is associated with a substantial reduction in ICD shock
in patients, as indicated by the pooled risk ratio of 0.13 (Cl 95%
0.04-0.44; p-value=.0010). However, the studies included show a
high level of heterogeneity, indicated by an I? value of 82% (p-value
<.00001) suggesting differences in the magnitude of the effect
across the studies. Furthermore, the funnel plot indicates some
degree of asymmetry, which may suggest the presence of publi-
cation bias or heterogeneity, especially among the smaller studies
(Figure 3A).
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(Continued)

TABLE 1

Ablation

Type of ablation

Follow up
catheter

Total

Study

Main results

Outcomes measured

Ablation procedure

technique

design Country population duration (months)

Author, year

No.

The long-term result of

ECG parameters, VF

Total radiofrequency
recurrence

Epicardial
ablation

An externally irrigated
3.5-mm-tip catheter

Cohort Japan 21 55months

Talib, 20183

eliminating endocardial VF
trigger and then modifying

QRS notch in lead V1 and
26 +8min for no QRS

notching

time was 29 + 11 min for
NR

(Thermocool, Biosense
Webster, Diamond

Bar, CA)

endocardial substrate is great.

By using catheter ablation, all

ECG parameters, VF

recurrence

Endocardial
ablation

A 3.5-mm-tip irrigated

catheter, Biosense
Webster, CA) or

86.4months

Cohort Japan

Tokioka, 2020*°

16

instances of monomorphic VT

were effectively treated.

THERMOCOOL®SF

(3.5-mm-tip irrigated
catheter, Biosense
Webster, CA)

Recurrence was noted even

ECG parameters, VF

recurrence

NR

Epicardial
ablation

A 3.5-mm-tip NaviStar-

ThermoCool catheter
(Biosense Webster,

Diamond Bar, CA)

42 months

Zhang, 2016 Cohort China

17

after ablation, when all patients'
spontaneous type 1 patterns

ADJI ET AL.

returned to normal, indicating

that ICD should be the primary

treatment for BrS.

In subgroup analysis, the overall pooled RR for epicardial ab-
lation and endocardial ablation was 0.09 (95% Cl 0.02-0.37; p-
value=.0007) and 0.44 (95% ClI 0.17-1.12; p-value=.09), which
suggests a significant reduction in the event rates after epicardial
ablation but not after endocardial ablation. However, the test for
subgroup differences showed that there was no statistically signif-
icant difference between the epicardial and endocardial subgroups
(X2:3.37; p-value=.07; I?=70.3%). Furthermore, the funnel plot
also indicates some degree of asymmetry both in the epicardial
and endocardial ablation groups, which may suggest the presence
of publication bias or heterogeneity, especially among the smaller
studies (Figure 3B).

3.6 | Complications

Brugada et al. reported no complications. Nademanee et al. re-
ported a serious periprocedural complication that occurred in four
patients, who developed hemopericardium. Haissaguerre et al. re-
ported nine patients had one or two VF recurrences, and seven
patients had more than two recurrences. Salghetti et al. reported
one patient developed a left pneumothorax the day after the pro-
cedure, which was managed by pleural drainage. Nine patients
developed pericarditis between 2 and 10days after ablation. One
patient experienced hematic cardiac tamponade. Li et al. reported
that in the ICD group, 12 patients had recurrent VF episodes, re-
sulting in multiple ICD shocks, and among them, two patients also
experienced inappropriate ICD shocks. Manero et al. showed two
patients had RVOT-VT either during or after epicardial VT abla-
tion, and in other cases, endocardial ablation failed three times to
abolish VT-VPB. Pappone et al. recorded one case of VT and one
case of VF.

3.7 | All-cause mortality
None of the included studies reported any deaths from any cause

following the RDA procedure.

4 | DISCUSSION

An ECG ST elevation, a defining feature of transmural ischemia
(damage affecting the complete thickness of the ventricle wall),
results from this. By emphasizing variations in the resting mem-
brane potential and action potentials across ischemic and noni-
schemic zones, depolarization theory offers a crucial explanation
for ST elevation. Abnormalities in depolarization interfere with the
myocardium's normal electrical impulse conduction, increasing the
risk of arrhythmia and causing conduction delays. In patients with
BrS, the arrhythmogenic substrate is characterized by highly lo-
calized epicardial abnormalities rather than diffuse repolarization
changes. Sarcon et al.?* demonstrated that, even in the absence of



ADJETAL Sowwnal of O%Z/?yz%/mfd/_wl L Eym

[Open Acces:]

TABLE 2 ality of the included
Quality el Selection Comparability Outcome Total Study

studies. . . . 5
Author, year domain domain domain score quality
Brugada, 2015% * H Ho * H * % 7 Good
16
Chung, 2017 * ok * H * H 7 Good
Haissaguerre, 2003 kKoK * * H 6 Good
Haissaguerre, 20228 DA ahAghAe * * o K 8 Good
Kamakura, 2021 *oKoK * H * % 7 Good
Li, 20242° * k% * # * kK 8 Good
Mamiya, 2021% KKK * * H 6 Good
Manero, 20152 * KAk * # K kA 8 Good
Nademanee, 20193 Y ¥ fo Y ¥ Y ¥ 7 Good
Nademanee, 2023’ DA ahAahAe * K K K 7 Good
Papone, 2017 * K KK * Y * K 9 Good
Salghetti, 2018 * o K PAGh ¢ * K K 8 Good
Santinelli, 2024* KKK * % * KK 8 Good
Shelke, 20182 * Kk * % * K 7 Good
: 1
Talib, 2018" e % * E 7 Good
Tokioka, 2020%° * # * * * 5 Fair
14
Zhang, 2016 * oK A * F 6 Good
(A) After Before Risk Ratio Risk Ratio o _SE(0[RR])
Study or Subgroup Events Total Events Total Weight M-H,Random, 95% CI M-H, Random, 95% CI i
Brugada, 2015 0 14 6 14 4.2% 0.06(0.00,1.29) t ! o
Chung, 2017 115 15 15 58% 0.10(002,0.45) Lo
Haissaguerre, 2003 0 3 3 3 4.4% 0.14[0.01,1.96) — o)
Haissaguerre, 2022 5 17 17 17 6.6% 0.31(0.16, 0.63] —_ o ! fe)
Kamalura, 2021 7 16 16 16 6.7% 0.45[0.26, 0.78] - 057 i
Li, 2024 118 18 18 58% 0.06[0.02,0.38] —_— |
Mamiya, 2021 41 8 11 65% 050(0.21,1.18) — o 5
Manero, 2015 6 6 6 6 69% 1.00[0.75,1.34] T o® Po
Nademanee, 2019 1 32 32 32 57% 0.05[0.01,0.22) e !
Nadernanee, 2023 6 150 154 150 6.6% 0.04 (002, 0.00] — Nl ° |
Papone, 2017 2 135 63 135 59% 0.03[0.01,0.13] —_— ! o
Salghetti, 2018 2 36 6 26 5.8% 0.32[0.07,1.54] T !
Sanlinelli, 2024 1 206 33 206 52% 0.03(0.00,022] I — !
Shelke, 2018 1 2 5 51% 0.501(0.06, 3.91] —_— ol
Talib, 2018 70N 21 21 867% 0.35(0.19,063] —_ o |
Tokioks, 2020 17 77 50% 0.201(0.05, 0.66] —_— 151 |
Znang, 2016 3o 9 11 6.4% 0.33[0.12,0.91] — i
i
Total (95% Cl) 712 712 100.0% 017 [0.07,0.43) - ;
Total events 48 416 ! &R
Helerogeneity: Tau® = 3.07; ChF* = 268.84, df= 16 (P < 0.00001); I*= 94% ; ; ; | L . . R
Test for overall effect: Z= 3.81 (P = 0.0001) oot O etore aer | 1000 ot 01 1 70 7000
(B) After Before Risk Ratio Risk Ratio
Sludy or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1 Epicardial ablation
Brugada, 2015 0 14 6 14 42% 0.08(0.00,1.25) e
Chung, 2017 115 15 15 58% 0.10(002,0.45) —_—
Halssaguerre, 2003 0 3 3 3 4.4% 0.14[0.01,1.96] I — SE(0g[RR])
Haissaguerre, 2022 5 17 17 17 6.6% 0.31[0.16,0.63] - oT |
Mamiya, 2021 41 8 11 65% 0.50[0.21,1.18] — ' o
Nademanee, 2019 132 32 32 57% 0.060.01,0.22| —_— !
Nademanee, 2023 6 150 154 150  6.6% 0.04 (002, 0.09] — i 5’0
Papone, 2017 2 135 63 135 5.9% 0.03(001,0.13] —_— © o
Salghetii, 2018 2 3% 6 36 58% 0.331007,1.54] —_— 057 o
Santinelli, 2024 1206 33 206 52% 0.02[0.00,0.22) —_—
Talib, 2018 7 21 21 67% 0.35(0.19, 0.63] — o O
Zhang, 2016 3 1 9 11 04% 033[012,0.91] —— o® Yo
Subtotal (95% Cl) 660 660 69.7% 0.13[0.06, 0.30] <>
Total events 32 367 1T o o
Helerogeneity. Tau®= 1.42; Chi*= 62.89, 0r= 11 (P < 0.00001); F = 83%
Test for overall efiect: Z= 4.98 (P < 0.00001)
1.4.2 Endocardial ablation fe) ©
Kamakura, 2021 7 16 16 16 67% 0.45[0.26,0.78] - 154
Li, 2024 118 18 18 58% 0.08 [0.02, 0.3¢] —_—
Manero, 2015 6 6 6 6 6.9% 1.00(0.75, 1.34] T
Shelke, 2018 15 2 5 51% 0.50 [0.06,3.91] —_—
Tokioka, 2020 o7 77 59% 0.20 [0.05, 0.86) —_— | RR
Subtotal (95% Cl) 52 52 30.3% 0.35 [0.09, 1.30] - ¢ M| t L Y
Total events 16 49 01 01 10 1000
Helerogeneity: Tau® = 1.85; ChF* = §4.40, f= 4 (P < 0.00001); = 93% Subgroups
Testfor overall effect: Z=1.57 (P=0.12) I6 Epicardial ablation < Endocardial ablation
Total (95% Cl) 712 712 100.0% 0.17 [0.07, 0.43) <>
Total events 48 416
Helerogeneity: Tau? = 3.07; Chi*= 268.84, df= 16 (P < 0.00001); = 94% boor 5 y 000

Testfor overall effect: Z= 2.81 (P = 0.0001) 15910(9 After !

Tesl for subaroup differences: ChiF=1.47.dr=1 (P=022).F=321%

FIGURE 2 Forest plot analysis of (A) overall recurrent VA event before and after ablation; and (B) subgroup analysis based on ablation
site.
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(A) After Before Risk Ratio Risk Ratio - SE0OaRRD
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Mamiya, 2021 4 11 10 11 16.3% 0.40(0.18,0.89] —
Nademanee, 2023 6 159 140 159 16.3% 0.04[0.02,0.09] — o o
Salghetti, 2018 1 36 2 36 10.4% 0.50(0.05,5.27] —_— os °©
Santinelli, 2024 1 206 53 206 11.9% 0.02[0.00,0.14] e —
Shelke, 2018 2 5 5 5 157% 0.45[0.17,1.21] —*T
Talib, 2018 1 21 16 21 121% 0.06 [0.01,0.43] s 1 o ©
Tokioka, 2020 0 7 1 7 82% 0.33[0.02,7.02) — °
Zhang, 2016 0o 1 8 11 91% 0.06 [0.00, 0.91] R
Total (95% Cl) 456 456 100.0% 0.13 [0.04, 0.44] - " o
Total events 15 235
Heterogeneity: Tau®= 2.13; Chi*= 39.16, df= 7 (P < 0.00001); = 82% t t t ==t : "R
Test for overall effect: Z= 3.30 (P = 0.0010) 0.001 0'1Before After 10 1000 6ot o 1 0 1000
(B) After Before Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 Epicardial ablation
Mamiya, 2021 4 1" 10 11 16.3% 0.40(0.18,0.89) —
Nademanee, 2023 6 159 140 159 16.3% 0.04[0.02,0.09 — 2, SEQOIRRD
Salghetti, 2018 1 36 2 36 10.4% 0.50(0.05,5.27] [ E—
Santinelli, 2024 1 206 53 206 11.9% 0.02(0.00,0.14] s —
Talib, 2018 1 21 16 21 121% 0.06[0.01,0.43] s — o )
Zhang, 2016 0o M 8 11 91% 0.06 (0.00, 0.91] —_— o ©
Subtotal (95% Cl) 444 444 76.1% 0.09 [0.02, 0.37] T
Total events 13 229
Heterogeneity: Tau®= 2.11; Chi*= 26.93, df= 5 (P < 0.0001); F= 81% ! o ©°
Test for overall effect: Z= 3.39 (P = 0.0007) | o
1.5.2 Endocardial ablation 15 ° i o
Shelke, 2018 2 5 5 5 1567% 0.45[0.17,1.21] T
Tokioka, 2020 0 7 1 7 82% 0.33[0.02,7.02 I H
Subtotal (95% CI) 12 12 23.9% 0.44[0.17,1.12] <> e . . " =
Total events 2 6 Subgroups
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.84); F= 0% |6 Epicaraial aplaton > Engocaraial sblanon
Test for overall effect: Z=1.72 (P = 0.09)
Total (95% CI) 456 456 100.0% 0.13 [0.04, 0.44] <
Total events 15 235
it Tauf= - ChiF= o . I L s |
Heterogeneity: Tau?= 2.13; Chi*= 39.16, df= 7 (P < 0.00001); F= 82% boon o 5 To00

Test for overall effect: Z= 3.30 (P = 0.0010)
Test for subaroup differences: Chi*=3.37. df=1 (P =0.07). F=70.3%

Before After

FIGURE 3 Forest plot analysis of (A) implantable cardioverter-defibrillator shocks event before and after ablation; and (B) subgroup

analysis based on ablation site.

a spontaneous type-1 ECG pattern, high-density epicardial mapping
consistently identifies regions of low-voltage, fractionated electro-
grams, and late potentials confined to the anterior RVOT. These
abnormal electrograms correlate directly with the coved-type ST-
segment elevation, fragmented QRS complexes, and isolated late
potentials observed on surface ECG. Moreover, these signals inten-
sify with faster pacing and expand significantly after procainamide
infusion, unmasking the Brugada phenotype.?® Targeted radiofre-
quency ablation of these fractionated sites not only abolishes the
late potentials and normalizes the ST segment but also prevents
recurrent ventricular fibrillation, underscoring a depolarization-
driven mechanism that is uniquely manifest in BrS. Intraventricular
conduction delay (IVCD), which is associated with heart failure
and sudden cardiac death, and bundle branch block (BBB), which
lengthens the QRS duration and results in ventricular dyssyn-
chrony, are important symptoms. Ventricular arrhythmias are linked
to fragmented QRS (fQRS), a sign of myocardial fibrosis, especially
in ischemia and hypertrophic cardiomyopathies. Abnormalities in
repolarization impact myocardial recovery and raise the risk of ar-
rhythmias such as sudden cardiac death and torsades de pointes.
While early repolarization syndrome (ERS), characterized by el-
evated J-point, is associated with ventricular fibrillation, particu-
larly in young people, a prolonged QT interval implies delayed
repolarization, which is frequently caused by genetic mutations or
drugs. In structural heart iliness, T-wave alternans (TWA) predicts
sudden cardiac mortality and represents repolarization instability.

Furthermore, ischemic or inflammatory heart disorders such as
acute coronary syndromes, pericarditis, and myocarditis are indi-
cated by ST-segment deviations.?¢

The findings of this study underscore the therapeutic value of
RFA in BrS, particularly in its ability to significantly reduce VA re-
currence and ICD shocks. The reduction in VA recurrence and ICD
shock rates following RFA underscores its clinical efficacy in man-
aging Brugada syndrome (BrS)-related arrhythmias. By effectively
suppressing arrhythmic activity, RFA provides long-term rhythm
stability, suggesting that the procedure interrupts the abnormal
electrical pathways responsible for life-threatening events, which
is essential for enhancing patient survival. Additionally, the de-
crease in ICD shocks highlights the procedure's role in reducing
the frequency of device interventions, lessening patient distress
and improving quality of life. With fewer shocks, RFA supports
a more stable cardiac rhythm that minimizes ICD activation, of-
fering significant benefits to patient comfort and psychologi-
cal well-being. This dual impact on both VA recurrence and ICD
shock rates solidifies RFA as an effective strategy for promoting
sustained rhythm control and improving overall outcomes in BrS
management.?”

These outcomes also likely stem from the ablation's direct
targeting of the arrhythmogenic substrate in BrS, which is pre-
dominantly located in the right ventricular epicardium. The ab-
normal sodium channel function in BrS results in a transmural

voltage gradient, leading to ST-segment elevation and an increased
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37,

susceptibility to VA. By ablating these epicardial regions, RFA dis-
rupts the conduction pathways that foster reentrant arrhythmias,
thereby reducing the incidence of recurrent VA2 A previous sys-
tematic review by Fernandes et al. (2018), which included 11 case
series and 11 case reports, demonstrated that epicardial substrate
modification appears to be a more effective strategy for prevent-
ing VT and VF than endocardial ablation alone. Persistent or re-
current J-ST elevation was found to be indicative of unsuccessful
ablation. For patients with VT/VF and BrS, ablation remains a rea-
sonable therapeutic option.?® A more recent systematic review by
Kotake et al. (2023), comprising 15 case series and 41 case studies,
similarly concluded that catheter ablation is an effective method
for eliminating the arrhythmogenic substrate associated with BrS
and related arrhythmias.?’ The novelty of our research is that we
carried out a quantitative evaluation using meta-analysis with a
different number of studies. We specifically analyzed the long-
term effects of epicardial radiofrequency ablation and its benefits
for recurrent ventricular arrhythmia in BrS.

Unlike conventional ablation techniques, which target the
endocardium (tissue inside the heart), epicardial RFA targets the
epicardium (tissue outside the heart) to treat specific arrhyth-
mias. When endocardial ablation fails to address the epicardial
substrate, high-volume centers routinely perform epicardial ab-
lation for VT in both ischemic and nonischemic cardiomyopa-
thies.2® This mechanism explains the limitation of endocardial
ablation success in reducing VA or ICD shocks because it does not
directly address the epicardial abnormalities responsible for the
arrhythmogenesis. The deeper myocardial layers accessed by en-
docardial ablation may not contain the critical electrophysiologi-
cal disturbances seen in BrS, explaining the more modest impact
on arrhythmia recurrence and device shocks. But because of the
nature of the procedure, pericarditis is the most common com-
plication, with operators frequently administering intrapericardial
steroids to reduce its incidence. Other potential complications in-
clude damage to the liver or diaphragm, particularly when using
the subxiphoid entry approach.3! By decreasing the need for ICD
interventions, RFA helps mitigate these secondary psychological
effects, improving both physical and mental health outcomes for
BrS patients. This reduction in ICD shocks can be attributed to
the successful modification of the electrical circuits responsible
for triggering VAs, further emphasizing RFA's role as an effective
adjunctive treatment.

Epicardial ablation is generally reserved for patients who have
not responded to endocardial ablation, typically in high-volume,
specialized centers. Cooled irrigation techniques have been devel-
oped to prevent catheter tip overheating, ensuring sufficient RFA
energy delivery during ablation. Early studies suggest that cooled
or irrigated-tip RFA produces larger epicardial lesions compared to
standard 4-mm RFA. Additionally, epicardial fat appears to be par-
ticularly well-suited for irrigated ablation.>? Endocardial ablation
is used to target PVCs that cause VF, anatomically from the endo-
cardium when ablation cannot be accomplished on the epicardial
side because of the presence of coronary arteries or fat, or when
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targeting VT. This is the reasoning for endocardial ablation in BrS

patients.19

A proposed algorithm for the determination of invasive epi-
cardial ablation, endocardial ablation, and ICD use in BrS patients
can be seen in Figure 4. The figure illustrates the management
strategy for BrS, a hereditary cardiac disorder that heightens the
risk of severe arrhythmias, including VT and VF, which can result
in SCD. The management approach is based on whether the pa-
tient exhibits symptoms (such as syncope or aborted cardiac ar-
rest) or remains asymptomatic despite having characteristic ECG
findings.3%-3°

For patients who are symptomatic, particularly those who
have survived a SCD episode or experienced unexplained faint-
ing, thorough evaluation is essential. If the ECG displays the typ-
ical type 1 Brugada pattern, the implantation of an ICD is highly
recommended. This device continuously monitors heart activity
and can deliver shocks to terminate life-threatening arrhythmias.
In instances where the type 1 pattern is only identified after ad-
ministering Na channel blockers, further testing is conducted to
assess the inducibility of arrhythmias through an electrophysiol-
ogy study. If arrhythmias can be induced, ICD implantation is still
advised. However, if no arrhythmias are provoked, close monitor-
ing is suggested instead.

In asymptomatic patients, if a spontaneous type 1 ECG pattern
is observed, inducibility tests are performed to evaluate arrhythmia
risk. Patients showing inducible VT/VF are deemed at higher risk
and may benefit from ICD implantation, while those without induc-
ible arrhythmias can be managed through vigilant monitoring. For
asymptomatic individuals whose type 1 pattern appears only after
Na channel blockers are administered, family history of SCD plays
a crucial role in risk assessment. A family history of SCD increases
perceived risk, potentially warranting ICD recommendation, espe-
cially if VT/VF can be induced. Conversely, in patients without such
a history or if no arrhythmias are inducible, close follow-up without
immediate intervention is appropriate.3¢%”

For patients with an ICD who experience recurrent appropriate
shocks because of ongoing arrhythmias, additional treatment op-
tions may be explored. Medications like Quinidine and procedures
such as right ventricular outflow tract (RVOT) ablation may be uti-
lized to manage arrhythmias effectively. In severe cases where VF
persists, especially when endocardial ablation fails or when arrhyth-
mias affect the epicardial substrate, an epicardial ablation procedure
may be conducted to target and eliminate the problematic areas of
the heart.

Based on this study, the inability to locate an RFA target and
closeness to a coronary artery or the left phrenic nerve are the pri-
mary limitations of epicardial RFA. Epicardial access, mapping, and
ablation can result in a special set of consequences, such as pericar-
ditis, significant coronary artery damage, phrenic nerve injury, and
hemopericardium. Patient safety depends on anticipating, avoiding,
and, if required, addressing these issues. Delivery of epicardial RFA
is restricted by fat or linked to phrenic nerve injury, coronary artery
damage, hemorrhage, and extra-cardiac damage.
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FIGURE 4 Proposed algorithm for the determination of invasive epicardial ablation, endocardial ablation, and ICD use.®®

4.1 | Study limitations

There is a limited number of studies directly comparing the risks
and benefits between RFA and non-RFA groups. Most available lit-
erature consists of case series or case reports, leading to potential
biases and limited generalizability. We also observed a high degree
of heterogeneity (I*> >80%) among the included studies. This vari-
ability may be attributed to several factors, such as differences in
study design, patient demographics, baseline risk of ventricular
arrhythmia, and variations in procedural techniques—including
distinctions in operator expertise and follow-up durations. In par-
ticular, geographic and genetic diversity among the study popula-
tions, as well as variations in the definitions and measurements
of clinical outcomes, likely contributed to the observed hetero-
geneity. Additionally, research on RFA for BrS is not conducted
uniformly across different regions, which may affect the represen-
tation of factors related to disease epidemiology and long-term
outcomes. Therefore, further research, particularly well-designed
comparative studies, is required to evaluate the long-term effects
of RFA versus non-RFA treatments to achieve more comprehen-

sive and globally representative results.

5 | CONCLUSIONS

From this study, RFA provides significant outcomes for improve-
ment in BrS patients. There was a substantial decrease in the event
rates of recurrent VA after epicardial ablation. Moreover, RFA is

also related to a substantial decrease in ICD shock in patients.
None of the included studies reported any deaths from any cause
following the RFA procedure. These findings have important clini-
cal implications for BrS management, suggesting that RFA should
be considered a key therapeutic option for the patients. Despite
the promising results, the presence of significant heterogeneity
across studies raises questions about the variability in procedural
techniques, patient selection, follow-up durations, regional dispari-
ties in the study population, and the lack of randomized controlled
trials.
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