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Long-Term Outcomes of Pulmonary 
Vein Isolation in Patients With Brugada 
Syndrome and Paroxysmal Atrial Fibrillation
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BACKGROUND: Pharmacological treatment of atrial fibrillation (AF) in the setting of Brugada syndrome (BrS) is challenging. In 
addition, patients with BrS with an implantable cardioverter-defibrillator (ICD) might experience inappropriate shocks for fast 
AF. Long-term outcome of pulmonary vein isolation in BrS has not been well established yet, and it is still unclear whether 
pulmonary vein triggers are the only pathophysiological mechanism of AF in BrS. The aim of the study is to assess the long-
term outcomes in patients with BrS undergoing pulmonary vein isolation for paroxysmal AF compared with a matched cohort 
of patients without BrS.

METHODS AND RESULTS: Sixty patients with BrS undergoing pulmonary vein isolation with cryoballoon catheter ablation for 
paroxysmal AF were matched with 60 patients without BrS, who underwent the same procedure. After a mean follow-up of 
58.2±31.7 months, freedom from atrial tachyarrhythmias was achieved in 61.7% in the BrS group and in 78.3% in the non-BrS 
group (log-rank P=0.047). In particular, freedom from AF was 76.7% in the first group and in 83.3% in the second (P=0.27), 
while freedom from atrial tachycardia/atrial flutter was 85% and 95% (P=0.057). In the BrS group, 29 patients (48.3%) had an 
ICD and 8 (27.6%) had a previous ICD-inappropriate shock for fast AF. In the BrS cohort, ICD-inappropriate interventions for 
AF were significantly reduced after ablation (3.4% versus 27.6%; P=0.01).

CONCLUSIONS: Pulmonary vein isolation in patients with BrS was associated with higher rate of arrhythmic recurrence. Despite 
this, catheter ablation significantly reduced inappropriate ICD interventions in BrS patients and can be considered a therapeu-
tic strategy to prevent inappropriate device therapies.
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Brugada syndrome (BrS) is an inherited pri-
mary arrhythmia syndrome characterized by 
a peculiar ECG pattern and an increased risk 

of sudden cardiac death.1,2 The most common su-
praventricular arrhythmia in patients with BrS is atrial 
fibrillation (AF), with a reported incidence between 

9% and 53%.3–5 Pharmacological treatment of AF in 
these patients is challenged by drug-related risk of 
developing ventricular arrhythmias.6 Pulmonary vein 
isolation (PVI) is the cornerstone of percutaneous 
transcatheter ablation for drug-resistant paroxysmal 
AF.7,8 However, it is still unclear whether pulmonary 
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vein triggers are the underlying pathophysiologi-
cal mechanism of AF in BrS,3,9–12 and therefore, if 
PVI can be considered the ablation strategy target. 
Available data on PVI outcomes in this population are 
scarce.13–15 Moreover, it has not been established yet 
if the long-term efficacy of PVI is comparable to pa-
tients without BrS.

The aim of this study is to assess the very long-
term outcomes of PVI in a consecutive series of 
BrS patients with paroxysmal AF. Moreover, the ab-
lation outcomes were compared with a propensity 
matched cohort of patients with paroxysmal AF un-
dergoing PVI.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population
All consecutive patients diagnosed with BrS are in-
cluded in institutional registries and followed in a pro-
spective fashion (UZ Brussel, Brussels: NCT05283759; 
Cardiocentro Ticino Institute, Lugano: CE TI 3476 
Number 2019-00754). All patients signed an informed 
consent that had been approved by each institutional 
review board. The study protocol was carried out in 
accordance with the ethical principles for medical re-
search involving human subjects established by the 
Declaration of Helsinki and was approved by the local 
ethics committee. All patients with BrS were screened 
and included in the current study if they met the follow-
ing inclusion criteria: (1) BrS diagnosed following current 
recommendations16; (2) no evidence of structural heart 
disease; and (3) index PVI for symptomatic paroxysmal 
AF with cryoballoon catheter ablation (CB-A). The study 
cohort consisted of 60 consecutive patients with BrS 
undergoing a PVI procedure for paroxysmal AF in the 2 
centers between June 2012 and January 2019.

Paroxysmal AF was defined as AF that terminates 
spontaneously or with intervention within 7 days of 
onset.17 Ablation outcomes in the study group were 
compared with those obtained in a retrospective con-
trol cohort of 654 patients with paroxysmal AF, who 
underwent PVI with CB-A in the same period.

Patients were included in the propensity matching 
if they met the following criteria: (1) absence of spon-
taneous or ajmaline-induced Brugada type 1 ECG or 
family history of BrS; (2) no evidence of structural heart 
disease; and (3) index PVI for symptomatic paroxysmal 
AF with CB-A.

Propensity score matching was performed with a 
1:1 ratio taking into account the following variables:  
(1) age; (2) sex; (3) left atrium size; and (4) presence 
of a cardiac implantable electronic device, defined as 
implantable cardioverter-defibrillator (ICD) or insertable 
cardiac monitor.

Underlying structural cardiac abnormalities were 
excluded in all patients, in both groups, by means of 
echocardiography and heart computed tomography 
scan. Other noninvasive methods (such as stress test 
or nuclear magnetic resonance) or invasive methods 
(coronary angiography, left and right ventriculography) 
were used at the discretion of the treating physician.

Cryoballoon Ablation
The CB-A procedure has been described in detail 
previously.18,19 All procedures were performed under 
general anesthesia. Through a transseptal puncture, a 
28-mm cryoballoon (Arctic Front, Medtronic) was in-
serted over an inner-lumen mapping catheter (Achieve, 
Medtronic) in the left atrium.

The cryoballoon was advanced, inflated, and posi-
tioned at each pulmonary vein ostium. Optimal vessel 

CLINICAL PERSPECTIVE

What Is New?
•	 The rate of arrhythmic recurrences after pul-

monary vein isolation (PVI) for paroxysmal atrial 
fibrillation in patients with Brugada syndrome 
(BrS) is significantly higher compared with a 
matched population without BrS undergoing 
the same procedure.

•	 Implantable cardioverter-defibrillator inappropri-
ate interventions are significantly reduced after 
PVI in patients with BrS  and paroxysmal atrial 
fibrillation.

What Are the Clinical Implications?
•	 PVI for paroxysmal atrial fibrillation  in patients 

with BrS is associated with a higher rate of ar-
rhythmic recurrence compared with a matched 
population without BrS.

•	 PVI significantly reduced the implantable car-
dioverter defibrillator inappropriate interventions 
in BrS and paroxysmal atrial fibrillation.

•	 Despite the higher recurrence rate, PVI can be 
considered a therapeutic strategy to prevent 
inappropriate device implantable cardioverter 
defibrillator interventions in patients with BrS.

Nonstandard Abbreviations and Acronyms

ATa	 atrial tachyarrhythmia
BrS	 Brugada syndrome
CB-A	 cryoballoon catheter ablation
PVI	 pulmonary vein isolation
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occlusion was defined by selective contrast injection. 
Once vessel occlusion was deemed satisfactory, deliv-
ery of cryoenergy to allow freezing was commenced. 
Standard cryothermal applications lasted 180 sec-
onds. Our target temperature was −40 °C within the 
first 60 seconds. If the temperature did not attain this 
value, an extra freeze was delivered. To avoid phrenic 
nerve palsy, diaphragmatic stimulation was achieved 
by pacing the phrenic nerve during septal pulmonary 
vein ablation.

Postprocedural Management and  
Follow-Up
After the procedure, a transthoracic echocardiogra-
phy was performed before the discharge to exclude 
possible procedure-related complications. Oral an-
ticoagulation was restarted the same day of ablation 
and continued for at least 3 months. Patients were 
recommended to continue on the same antiarrhythmic 
drugs for at least 3 months after ablation followed by 
its discontinuation. After discharge, physical examina-
tion was scheduled with baseline ECG and 24-hour 
Holter recordings at 3, 6, and 12 months. Patients with 
a cardiac implantable electronic device were followed 
up with home monitoring and with scheduled follow-
up of the device every 6 months. A blanking period of 
90 days after ablation was taken into consideration. 
Any symptoms after ablation were deemed as deserv-
ing of additional Holter monitoring/device interrogation.

The primary end point of the study was defined as 
atrial tachyarrhythmia (ATa) occurrence. All ATa ep-
isodes >30 seconds, including recurrence of AF or 
occurrence of atrial tachycardia or atrial flutter were 
considered as arrhythmic recurrence. Follow-up start 
was defined as the date of the PVI procedure for both 
groups. The secondary end point was defined as ICD-
inappropriate shocks in the BrS group. The date of ICD 
implantation and the date of the ablation procedure 
were considered as the date of follow-up start before 
and after PVI, respectively.

Statistical Analysis
All variables were tested for normality with the Shapiro–
Wilk test. Data are presented as mean±SD or as ab-
solute numbers and percentages where appropriate. 
Comparison of continuous data between groups was 
performed with the Student t test for independent sam-
ples or with 1-way ANOVA or with the Mann–Whitney 
test. The Pearson χ2 or the Fisher exact test were used 
to compare categorical variables. Propensity score 
matching was performed with a 1:1 ratio taking into 
account the following variables: (1) age, (2) sex, (3) left 
atrium size, and (4) presence of a cardiac implant-
able electronic device. For propensity score match-
ing, the package MatchIt with the method nearest and 

a caliper width equal to 0.25 on R software version 
3.6.2 (R Foundation for Statistical Computing, Vienna, 
Austria) was used. Recurrence-free survival over time 
was calculated by the Kaplan–Meier method, log-rank 
test, and Cox regression was used for comparison be-
tween groups. The proportional hazards assumption 
and influential observations for the Cox model were 
tested.

All tests were 2-sided, and a P value of 0.05 was 
considered statistically significant. Analyses were 
performed with SPSS 23.0 statistical software (IBM 
Company, Chicago, IL) and with R software version 
3.6.2 (R Foundation for Statistical Computing).

RESULTS
Baseline Characteristics
A total of 60 patients (32 men [53.3%]; mean age, 
45.8±15.5 years) with BrS and paroxysmal AF were 
included in the study. Propensity score matching 
identified a subset of 60 patients with paroxysmal AF, 
without BrS. The 2 groups were well balanced, except 
for antiarrhythmic medications. Baseline patients char-
acteristics are detailed in Table 1. All patients discon-
tinued antiarrhythmic drugs. Seven patients (11.7%) 
presented with a spontaneous Brugada type 1 ECG, 
while in the remaining 53 patients (88.3%), BrS was 
diagnosed by ajmaline challenge. Nineteen patients 
(31.7%) had a family history of sudden cardiac death, 
2 patients (3.3%) had a previous episode of aborted 
sudden cardiac arrest caused by ventricular fibrillation, 
and 11 patients (18.3%) reported a history of previous 
syncope. The genetic test was performed in 58 pa-
tients (96.7%) and SCN5A gene mutation was found 
in 9 of them (15%). Twenty-nine patients (48.3%) were 
implanted with an ICD. Two out of 29 patients (6.9%) 
underwent ICD implantation in secondary prevention. 
Twenty-four patients (82.8%) had a dual-chamber de-
fibrillator, and 5 patients (17.2%) had a single-chamber 
defibrillator. Eight patients (27.6%) had at least 1 pre-
vious ICD-inappropriate shock for AF with high-rate 
ventricular response. Of these, 5 of 8 patients (62.5%) 
had a dual-chamber defibrillator and 3 of 8 (37.6%) 
had a single-chamber defibrillator (P=0.32). In 1 of 8 
patients (3.4%), ventricular tachycardia zone detection 
with antitachycardia therapy (antitachycardia pacing 
followed by shock) was programmed; in 2 of 8 patients 
(25%), the ventricular fibrillation detection zone was 
>200 bpm, in 3 of 8 (37.5%) it was >214 bpm, and in 
3 of 8 (37.5%) it was >222 bpm. After ablation, in the 
patient with the ventricular tachycardia detection zone 
activated, the device was reprogrammed by switching 
off the ventricular tachycardia zone; it was not able to 
avoid inappropriate ICD interventions because of AF 
episodes (ventricular rate in the ventricular fibrillation 
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zone). In the other patients, there were no changes in 
programming the device after ablation.

Procedural Characteristics
Acute PVI was achieved in all veins using CB-A, and 
no statistically significant differences in procedural 
outcomes were recorded between the 2 groups 
(Table  2). No major complications in the periproce-
dural period were reported—no deaths, cerebro-
vascular events, or groin vascular complications. 

Transient phrenic nerve palsy occurred in 2 patients, 
1 for each group, with complete resolution before the 
end of the procedure.

Follow-Up
After a mean follow-up of 58.2±31.7 months (91% of 
patients are minimum 1 year follow-up and 85% are 
minimum 2 years; 56.6±34.3 months in the BrS group 
and 59.9±29 in the non-BrS group; P=0.58), freedom 
from ATas was achieved in 61.7% of patients in BrS 

Table 1.  Baseline Characteristics

BrS group (60) Non-BrS group (60) P value

Age, y 45.8±15.5 47.8±13.8 0.44

Sex (male), n (%) 32 (53.3) 27 (45) 0.36

Race or ethnic group

White, n (%) 56 (93.3) 58 (96.6) 0.68

Black, n (%) 1 (0.02) 1 (0.02) 1

Asian, n (%) 0 0 NA

Other,* n (%) 3 (0.05) 1 (0.02) 0.62

BMI, kg/m2 24.96±4.5 26.14±5.4 0.26

Hypertension, n (%) 16 (26.7) 14 (27.5) 0.9

Diabetes, n (%) 2 (3.3) 3 (5.9) 0.52

Dyslipidemia, n (%) 4 (6.8) 5 (9.8) 0.56

CHA2DS2VASc score 0.92±0.91 1.02±0.84 0.54

CIED, n (%)† 29 (48.3) 27 (45) 0.71

LVEF (%) 59.61±3.9 60.65±4.3 0.17

Left atrial diameter, mm 38.3±6.9 40.2±6.2 0.11

PR interval, ms 169.9±32.6 160.5±21.5 0.097

QRS interval, ms 102.2±23.4 96.10±11.9 0.11

Antiarrhythmic medications

Class IC, n (%) 0 31 (57.4) <0.001

Class II, n (%) 29 (49.2) 25 (48.1) 0.91

Class III, n (%)‡ 27 (45.8) 4 (8.2) <0.001

Class IV, n (%) 1 (1.7) 0 0.36

BMI indicates body mass index; BrS, Brugada syndrome; CIED, cardiac implantable electronic device; and LVEF, left ventricular ejection fraction.
*This category includes Middle East.
†All devices were implantable cardioverter-defibrillators in the BrS group and insertable cardiac monitors in the non-BrS group.
‡Only sotalol was recorded.

Table 2.  Procedural Characteristics

BrS group (60) Non-BrS group (60) P value

Cryoablation

Applications to achieve PVI 4.87±0.98 4.5±0.92 0.09

PVI, n (%) 60 (100) 60 (100)

Duration single application, s 190.7±12.9 188.2±18.3 0.4

Time to PVI, s 31.6±9.8 33.2±11.5 0.5

Isolation temperature, °C −28.03±6.7 −30.8±7.4 0.08

Minimum temperature, °C −48.02±3.9 −48.7±4.2 0.4

Fluoroscopy time, min 16.12±6.1 14.7±6.8 0.25

Total procedure time, min 62.16±13.5 59.2±14.6 0.25

BrS indicates Brugada syndrome; and PVI, pulmonary vein isolation.
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group and in 78.3% in the non-BrS group (log-rank 
P=0.047).

In particular, freedom from AF was reached in 76.7% 
of patients in the first group and in 83.3% of patients 
in the second group (log-rank P=0.27); freedom from 
atrial tachycardia/atrial flutter was 85% in the study 
group and 95% in the control group, respectively (log-
rank P=0.057). Kaplan–Meier survival curves showing 
each group’s cumulative recurrence are depicted in 
Figures 1 and 2. At Cox regression analysis, BrS was 
a significant predictor of ATa occurrence (hazard ratio, 
1.97 [95% CI, 1.01–3.9]; P=0.04). ICD-inappropriate 
shocks for AF were recorded in 8 of 29 patients (27.6% 
at mean follow-up of 32.8±21.5 months) before abla-
tion versus 1 of 29 patients (3.4% at mean follow-up of 
58.5±24.9 months) after PVI (P=0.01; Figure 3); the for-
mer occurred 9 months after ablation in a patient who 
had experienced AF recurrence and inappropriate ICD 
interventions for AF before the PVI. The annual inap-
propriate shock rate was 5.67%/year before ablation 
versus 1.24%/year after ablation (P=0.03).

After a mean of 25.3±12.2 months, repeat ablation 
was performed in 24 (66.7%) of 36 patients who expe-
rienced recurrences: 14 of 23 patients (60.9%) in the 
BrS group and 10 of 13 patients (76.9%) in the control 

group (P=0.33). Of these, 9 of 14 patients (64.3%) in the 
study group and 7 of 10 patients (70%) in the second 
group exhibited pulmonary vein reconnection (P=0.77).

DISCUSSION
To the best of our knowledge, the current study re-
ports on the largest population of patients with BrS 
and paroxysmal AF treated by catheter ablation with 
the longest follow-up period (≈5 years). Furthermore, 
this is the first study reporting a long-term comparison 
after PVI for paroxysmal AF between patients with BrS 
and patients without BrS.

The main findings of the study are (1) the rate of ar-
rhythmic recurrences after PVI was significantly higher 
in patients with BrS compared with a paroxysmal AF 
matched population without BrS; (2) ICD-inappropriate 
interventions were significantly reduced after PVI in pa-
tients with BrS and paroxysmal AF.

Role of AF Ablation in BrS
Pharmacological treatment for rhythm control of AF in 
the setting of BrS is challenging; indeed, class I an-
tiarrhythmic drugs, with sodium channel–blocking 

Figure 1.  Kaplan–Meier curves of first atrial tachyarrhythmia recurrence after pulmonary vein 
isolation.
Atrial tachyarrhythmia (ATa)-free survival was significantly higher in patients with Brugada syndrome (BrS, 
red curve) compared with a paroxysmal atrial fibrillation (AF) matched population (blue curve) without BrS 
(log-rank P=0.047).
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properties, are not recommended in BrS because of 
a potential proarrhythmic effect. Moreover, AF in this 
population is often diagnosed at a young age, and 
other antiarrhythmic drugs like amiodarone are as-
sociated with well-known side effects.20 Furthermore, 
the use of beta-blockers in BrS is debated. They have 
been reported to enhance transmural dispersion of re-
polarization, unmasking ST-segment elevation21 and to 

cause the initiation of ventricular fibrillation.22 However, 
the long-term intake of beta-blockers was demon-
strated to not aggravate the ECG parameters and clini-
cal outcome in patients with BrS.23 It may be explained 
by higher sympathetic tone and lower vagal tone at 
night in patients with symptomatic BrS.24

Based on these premises, nonpharmacological 
treatment of AF should be considered an adequate 

Figure 2.  Kaplan–Meier curves of first atrial tachycardia/atrial flutter or atrial fibrillation recurrence.
A, Atrial tachycardia (AT)/atrial flutter–free survival after pulmonary vein isolation (PVI) in Brugada syndrome (BrS) group (red curve) 
and non-BrS group (blue curve) (log-rank P=0.057). B, Atrial fibrillation (AF)–free survival after PVI in Brugada syndrome (BrS) group 
(red curve) and non-BrS group (blue curve) (log-rank P=0.27).

Figure 3.  Bar plot showing implantable cardioverter defibrillator (ICD)-inappropriate shocks 
before and after catheter ablation in the Brugada syndrome group.
Pulmonary vein isolation resulted in a significant reduction of ICD–inappropriate interventions in patients 
with Brugada syndrome (P=0.01).
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therapeutic alternative for BrS patients. Available data 
on PVI outcomes in this population are scarce. In this 
study, only a considerably modest rate of patients with 
BrS (61.7%) were free of AF after an index PVI procedure 
by means of CB-A technology during a 5-year follow up 
and without antiarrhythmic drugs. Previous follow-up 
analyses showed a freedom from AF after a single PVI 
in patients with BrS ranging from 67% to 92.9%.13–15,25 
Our group previously reported that in BrS, 7 of 9 pa-
tients (67%) were free from AF after a 2-year follow-up14; 
conversely, in 2016, Kitamura et al25 reported a higher 
freedom rate from AF (93%) after a mean follow-up of 
3.3 years in a population of 14 patients with BrS. These 
data can be explained by a shorter follow-up and a 
smaller cohort compared with the current study.

Pathogenesis of AF in BrS
In the current study, although 61.7% of patients with 
BrS were free from ATa recurrence, this was significantly 
lower compared with a propensity score matched pop-
ulation. It could reflect the presence of other actors, be-
sides pulmonary veins, in the genesis of AF in patients 
with BrS. Indeed, current understanding of the patho-
physiology of AF in BrS includes an interplay of triggers, 
arrhythmogenic substrate, and modulating factors such 
as autonomic nervous system or inflammation.12 A cir-
cadian pattern for AF has been described, where most 
episodes occur at night, suggesting a potential role 
for vagal tone in arrhythmogenesis26; vagal stimulation 
might reduce atrial conduction velocity and shortens the 
effective refractory period, facilitating the induction of 
AF. Furthermore, atrial structural anomalies have been 
described. In their study on the relationship between AF 
and BrS, Kusano et al26 elegantly concluded that the 
interatrial conduction delay was significantly increased 
in patients with a diagnosis of BrS and AF, indicating 
that global atrial myocardium conduction was impaired. 
Furthermore, an increase in atrial vulnerability has also 
been reported in BrS,9 and a concealed abnormal atrial 
phenotype can even be detected by P-wave analysis.27 
Therefore, abnormal atrial conduction could represent 
an electrophysiological basis for AF induction. Building 
on these premises, the arrhythmogenic substrate in BrS 
may not be restricted to the ventricular level,28 and simi-
lar atrial changes could be the substrate for reentrant 
ATas. Reentrant arrhythmias need 2 fundamental con-
ditions to occur: (1) an anatomical or a functional block 
and (2) an excitable gap throughout the circuit29; atrial 
slow conduction might provide a milieu for reentrant 
ATas and may explain the higher occurrence of ATas 
observed in patients with BrS.

Inappropriate ICD Shocks
Inappropriate ICD interventions are a potential issue of 
ICD implantation in patients with BrS, affecting up to 

19% of patients with an ICD.30,31 In this setting, fast AF 
is the most common cause of inappropriate shocks, 
accounting for 45% of events, followed by lead fracture 
in 21%, T-wave oversensing in 18%, and sinus tachy-
cardia in 15% of cases.31

Even if the outcome might be suboptimal if com-
pared with patients without BrS, PVI is a possible ap-
proach to prevent inappropriate ICD therapy. Indeed, 
consistent with previous literature,14,15,20 in our study 
a significant reduction in inappropriate device thera-
pies for AF was recorded after ablation (from 27.6% to 
3.4%; P=0.01).

Limitations
The study was a nonrandomized trial. In addition, al-
though the use of a propensity score matching the 
potential for residual confounding factors or uncon-
trolled selection bias together with a possible temporal 
bias, cannot be excluded. The majority of patients with 
BrS included are White, and data cannot be general-
ized to other racial or ethnic groups. Moreover, non–
pulmonary vein triggers were not routinely assessed. 
In the absence of long-term ECG monitoring in all pa-
tients, the real arrhythmia recurrence rate may be un-
derestimated. Finally, despite the fact that our data on 
ICD-inappropriate shocks in BrS are consistent with 
previous literature, a regression to mean cannot be 
excluded.

CONCLUSIONS
Pulmonary vein isolation in patients with BrS was as-
sociated with a higher rate of long-term arrhythmic 
recurrences if compared with a cohort without BrS. 
Catheter ablation significantly reduced inappropriate 
ICD interventions in patients with BrS; therefore, PVI 
could be considered a therapeutic strategy to prevent 
inappropriate device therapies in this category of pa-
tients. Further studies are warranted to establish the 
clinical role of PVI and pulmonary veins in the patho-
physiology of AF in patients with BrS.
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