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Abstract

Background and 
Aims

Available data on continuous rhythm monitoring by implantable loop recorders (ILRs) in patients with Brugada syndrome 
(BrS) are scarce. The aim of this multi-centre study was to evaluate the diagnostic yield and clinical implication of a continu
ous rhythm monitoring strategy by ILRs in a large cohort of BrS patients and to assess the precise arrhythmic cause of syn
copal episodes.

Methods A total of 370 patients with BrS and ILRs (mean age 43.5 ± 15.9, 33.8% female, 74.1% symptomatic) from 18 international 
centers were included. Patients were followed with continuous rhythm monitoring for a median follow-up of 3 years.
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Results During follow-up, an arrhythmic event was recorded in 30.7% of symptomatic patients [18.6% atrial arrhythmias (AAs), 
10.2% bradyarrhythmias (BAs), and 7.3% ventricular arrhythmias (VAs)]. In patients with recurrent syncope, the aetiology 
was arrhythmic in 22.4% (59.3% BAs, 25.0% VAs, and 15.6% AAs). The ILR led to drug therapy initiation in 11.4%, ablation 
procedure in 10.9%, implantation of a pacemaker in 2.5%, and a cardioverter-defibrillator in 8%. At multivariate analysis, the 
presence of symptoms [hazard ratio (HR) 2.5, P = .001] and age >50 years (HR 1.7, P = .016) were independent predictors 
of arrhythmic events, while inducibility of ventricular fibrillation at the electrophysiological study (HR 9.0, P < .001) was a 
predictor of VAs.

Conclusions ILR detects arrhythmic events in nearly 30% of symptomatic BrS patients, leading to appropriate therapy in 70% of them. 
The most commonly detected arrhythmias are AAs and BAs, while VAs are detected only in 7% of cases. Symptom status 
can be used to guide ILR implantation.

Structured Graphical Abstract

What is the mechanism behind syncope in patients with Brugada Syndrome (BrS) assessed by continuous monitoring via implantable 
Loop Recorder (ILR)?   

In 370 patients with BrS and ILRs, arrhythmic events were observed in nearly 30% of symptomatic BrS patients (mostly atrial arrhyth-
mias) and impacted on management in 70% of them. Arrhythmic syncope was infrequent, and mostly caused by bradyarrhythmias (59%). 

In patients with BrS, the aetiology of syncope is most commonly due to a bradyarrhythmia. The arrhythmias most frequently detected 
are atrial tachyarrhythmias and bradyarrhythmias, while ventricular arrhythmias are detected only in 7% of patients. 
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HR 9.0; p < 0.001

3 years of follow-up

In our large cohort of 370 Brugada syndrome (BrS) patients from 18 international centers monitored continuously with an implantable loop record
er (ILR) for 3 years, 25.4% of the patients experienced an arrhythmic event (per-patient analysis). Specifically, 16% experienced an atrial arrhythmia, 
5% a ventricular arrhythmia (VA), and 8% a bradyarrhythmia (per-event analysis). The occurrence of arrhythmic syncope in the whole cohort was 
8.6% (32/370). The induction of ventricular fibrillation (VF) during an electrophysiological (EP) study emerged as the only predictor of VAs in this 
cohort. The clinical implications are detailed in the lower right part of the figure (SCD, sudden cardiac death; PM, pacemaker; ICD, implantable 
cardioverter-defibrillator; Drugs include anti-arrhythmic drugs and anticoagulants; CA, catheter ablation for atrial arrhythmias or VAs).

Keywords Brugada syndrome • Loop recorder • Rhythm monitoring • Syncope • Ventricular arrhythmias • Brady-arrhythmias • 
Atrial arrhythmias • Sudden cardiac death
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Introduction
Brugada syndrome (BrS) is an inherited arrhythmia syndrome, charac
terized by an increased risk of ventricular arrhythmias (VAs) and sudden 
cardiac death (SCD).1 Syncope and palpitations are common symp
toms among patients with BrS, occurring in ∼30% of cases.2–4 The 
cause of symptoms in BrS is highly variable, ranging from neuro- 
mediated reflex to a broad range of arrhythmias.

According to the last European Society of Cardiology (ESC) guide
lines, an implantable cardioverter-defibrillator (ICD) implantation for 
primary prevention should be considered in patients with BrS and his
tory of arrhythmic syncope (class IIa, level of evidence C).5–7 However, 
defining the arrhythmic origin of syncope is challenging and relies on the 
patient’s description of the event.8 Furthermore, both brady- and ta
chyarrhythmias of non-ventricular origin can cause a syncopal episode.8

To effectively manage patients with BrS, it is essential to mitigate the 
risk of SCD, avoiding at the same time over-treatment and complica
tions from ICDs.9 The use of implantable loop recorders (ILRs) has 
emerged as a valuable tool in this context and carries a class IIa recom
mendation in patients with syncope of undetermined origin.5–7

However, the evidence supporting this recommendation is modest, de
rived from few small (<50 patients) single-centre studies and supported 
by expert opinion (level of evidence C).8,10,11 Further insight is there
fore needed to enhance our understanding of ILR utilization, to refine 
the diagnostic assessment of symptoms and syncope, and ultimately to 
optimize ICD indications in BrS patients.

The primary objective of this study was to evaluate, in a large multi
center cohort of symptomatic and asymptomatic BrS patients with 
ILRs, the indications, findings, and clinical implications of ILR implant
ation. Second, the study aimed to accurately identify the precise aeti
ology of syncopal episodes. Finally, we aimed to assess predictors of 
arrhythmias in BrS patients with ILRs.

Methods
Study design
This study is a retrospective multi-centre study investigating the use of ILRs 
in patients with BrS. The study was approved by the local ethic committee 
(Swiss Ethics, approval number: BASEC 2019-00754/CE 3476) and con
forms to the Declaration of Helsinki. All patients provided written informed 
consent. The datasets generated and/or analysed during the current study 
are not publicly available to maintain patient confidentiality but are available 
from the corresponding author on reasonable request and after the agree
ment of all the co-authors.

Patient population—inclusion and exclusion 
criteria
The study included patients who met all of the following inclusion criteria: 

(1) Diagnosis of BrS, based on the last 2022 ESC guidelines, with a Shanghai 
score ≥ 3.5.5,7,12 Specifically, patients were included in the presence of a 
spontaneous type 1 electrocardiogram (ECG) [coved-type ST-segment 
elevation ≥2 mm in ≥1 right precordial leads (V1–V3) positioned in the 
4th, 3rd, or 2nd intercostal space] or drug/fever-induced Brugada type 
1 ECG plus one of the following: (i) documented ventricular fibrillation 
(VF) or polymorphic ventricular tachycardia (VT), (ii) arrhythmic 
syncope or nocturnal agonal respiration, (iii) family history of SCD at 
45 years old with negative autopsy, and (iv) family history of BrS.

(2) Implantation of an ILR after the diagnosis of BrS, with a follow-up of at 
least 12 months. Patients with <50% of required baseline data were 

excluded from the study, as well as patients with previously diagnosed 
arrhythmias or under anti-arrhythmic medications.

Data collection and definitions
Patient data, including the indication for ILR implantation and demographic 
and clinical information, [e.g. Shanghai score, family history, ECG para
meters, genetic test, and electrophysiological study (EPS)] were collected 
and analysed.

Patients were defined as symptomatic if the reason for ILR implantation 
was one of the following: (i) syncope or (ii) palpitations. The suspected syn
copal aetiology was defined as follows: (i) arrhythmic syncope: abrupt onset 
without prodromal symptoms and triggers, short duration, and prompt re
covery; (ii) vasovagal: syncope associated with typical triggers (e.g. pain, fear, 
long standing), and typical progressive prodromes (pallor, sweating, nausea); 
(iii) unexplained/unknown origin: when the clinical features did not allow to 
classify into one of the above forms.6,8 Tilt table test, Schellong test, and 
other investigations to achieve a comprehensive characterization of the syn
copal episodes before ILR implant was left at the treating physician’s discre
tion, according to guidelines.6,8

During follow-up, arrhythmic events were collected and divided into 
three categories, based on current ESC guidelines:13–15

(1) Bradyarrhythmias (BAs) of non-vaso-vagal origin, including (i) sinus ar
rest of 3 to 6 s if symptomatic, or longer than 6 s if asymptomatic, 
(ii) advanced atrio-ventricular (AV) block (second-degree type II AV block 
or third-degree AV block). The vasovagal origin of each episode was as
sessed and ruled out based on typical triggers and prodromes; and sinus 
node slowing preceding or occurring concurrently with AV block.

(2) atrial arrhythmias (AAs), including (i) atrial fibrillation (AF)/flutter (AFL) 
longer than 6 min, (ii) atrial tachycardia or paroxysmal supraventricular 
tachycardia (PSVT) longer than 30 s;

(3) VAs, including (i) symptomatic non-sustained VT (NSVT, 3 or more 
consecutive ventricular heartbeats at a rate >100 bpm and lasting 
<30 s in duration), (ii) monomorphic sustained VT, (iii) polymorphic 
VT or VF.13–15 All participating centers routinely performed remote 
monitoring of the device, and patients were systematically contacted 
within 24–48 h after the arrhythmic event to facilitate the correlation 
with symptoms. All ILR events were reviewed and adjudicated by ex
pert electrophysiologists. Arrhythmic events were categorized based 
on: date of the first event, frequency of the event, and correlation 
with the initial symptoms. Data on mortality and cause of death were 
also recorded.

Endpoints
The primary endpoint of the study was the incidence of arrhythmic events 
in BrS patients with ILRs according to the symptom status, and the correl
ation with the initially reported symptoms. The secondary endpoint was the 
clinical impact of the ILR via a composite endpoint, including at least one of 
the following: (i) initiation of drug therapy (anti-arrhythmic drugs and/or an
ticoagulants), (ii) atrial or ventricular ablation procedure, (iii) pacemaker 
(PM) or ICD implantation. Another secondary endpoint was the identifica
tion of independent predictors of VAs.

Statistical analysis
Continuous variables are presented as mean ± standard deviation when nor
mally distributed or otherwise median and interquartile range. Comparisons 
between groups were undertaken with parametric (Student’s t-test) or non- 
parametric (Mann–Whitney U test) test, respectively. The comparison between 
categorical variables was performed with the χ2 test and the Fisher’s exact test, 
as indicated. Event-free survival probability was estimated using the Kaplan– 
Meier method. Cox regression analysis [hazard ratios (HR) and 95% confidence 
interval (CI)] and logistic regression analysis were used to estimate the associ
ation between baseline characteristics and arrhythmic events. A two-sided 
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P-value <.05 was considered statistically significant. Statistical analysis was per
formed using SPSS 23.0 (IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics
The study population included 370 patients with BrS (mean age 43.5 ±  
15.9 years, 33.8% female), who underwent ILR implantation between 
2013 and 2022 in 18 international centers. All participating centers 
were University Hospitals and 66% of them had a dedicated Unit on in
herited arrhythmia syndrome. Baseline characteristics are reported in 
Table 1.

Overall, 274 patients (74.1%) were implanted due to symptoms 
(69.3% syncope, 30.7% palpitations), while the remaining 96 (25.9%) 
were asymptomatic. In patients with syncope, the suspected aetiology 
was undetermined in 181 (95.3%) and arrhythmic in 9 (4.7%—in these 
patients, an ICD was considered but refused by the patient; therefore, 
an ILR was implanted). The reason for ILR implant in asymptomatic 

patients was: cryptogenic stroke (4%), polymorphic NSVT induced at 
EPS (11%), NSVT or subclinical bradyarrhytmias registered at Holter 
monitor (23%), patient’s request of continuous rhythm monitoring 
(30%), close follow-up in patients refusing EPS (32%).

More than one-third of the patients (40.5%) had a spontaneous 
Brugada type 1 ECG and 27.3% had a family history of SCD. A genetic 
test was performed in 201 (54.3%) patients, and a SCN5A pathogenic/ 
likely pathogenic (LP) variant was found in 58 (29.4%). An EPS with pro
grammed ventricular stimulation (PVS) up to 2 extra-stimuli was 
performed in 224 patients (60.5%) with VF (n = 14) or sustained poly
morphic ventricular tachycardia (n = 4) being induced in 18 (5.6%). In all 
of these patients, an ICD was considered but refused by the patient; 
therefore, an ILR was implanted.

Arrhythmic events at follow-up
Over a median follow-up of 33.7 months (14.9–52.6), 114 arrhythmic 
events were recorded in 94 patients (25.4%), with a yearly arrhythmia 
incidence rate of 8.6% (95% CI 3.6%–35.3%) (Structured Graphical 
Abstract).

Specifically, 32 patients (8.6%) experienced a significant bradyar
rhythmia [6 advanced AV block and 29 sinus arrest (mean duration 
11.3 ± 4.1 s)], 58 patients (15.7%) atrial tachyarrhythmias (40 AF and 
19 PSVT). Twenty patients (5.4%) experienced symptomatic VAs (14 
NSVT, 4 sustained monomorphic VT, 1 polymorphic VT, and 1 VF) 
with a yearly incidence rate of 1.1% (0.9%–2.2%). The mean duration 
of NSVT was 17.4 ± 4.7 s with a mean number of ventricular com
plexes of 52.2 ± 14.1. No patient died during follow-up, but one patient 
was successfully resuscitated from an episode of VF.

Among symptomatic patients, the arrhythmic event rate was 30.7% 
(Figures 1 and 2), significantly higher if compared with asymptomatic pa
tients (10.0%, P = .001, Figure 1). A correlation between symptoms be
fore ILR implantation and arrhythmia detection was found in more than 
half of patients (58.6%). The type of arrhythmia, stratified based on the 
ILR indication, is shown in Figure 2, with 6% of the ventricular events 
being recorded among patients implanted for syncope and 9% among 
patients implanted for palpitations.

Characterization of syncope
At 3-year follow-up, syncope recurrence was experienced by 143 pa
tients (75.3%) (Figure 3). Of them, a symptom-correlated arrhythmia 
was found in 22.4% (arrhythmic syncope), while no arrhythmia was 
documented in the remaining 77.6%. A bradyarrhythmia was respon
sible for the syncopal recurrence in the majority (59.3%) of patients, 
while a VA was documented in 25% of patients. In the remaining 
15.7% of patients, the cause of syncope was an atrial arrhythmia with 
fast ventricular response (Structured Graphical Abstract, Figure 3). 
Among patients with suspected arrhythmic syncope at baseline (nine 
patients), the arrhythmic event rate was 33%, with 22% experiencing 
advanced AV block and 11% experiencing NSVT (Figure 1). Notably, 
an asymptomatic arrhythmia was recorded in 13.3% of patients with 
previous syncope (Figure 3).

Clinical implications
The composite secondary endpoint was reached in 68 patients (18.4%). 
An ICD or PM was implanted in 23 (6.2%) and 8 (2.2%) patients, re
spectively. Among patients who underwent ICD implantation, six had 
a positive EPS (26%) before ILR implantation.

Drug therapy was initiated for 34 patients (9.0%), including quinidine 
for 9 patients, class III anti-arrhythmic drugs for 15 patients, and oral 
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Table 1 Baseline characteristics of the participants 
(n = 370)

Characteristics

Age, years, mean (SD) 43.5 ± 15.9

Female sex, n (%) 125 (33.8)

Proband status, n (%) 229 (61.9)

Family history of BrS, n (%) 111 (30.1)

Family history of SCD, n (%) 101 (27.3)

Spontaneous Brugada type 1 ECG, n (%) 150 (40.5)

Shanghai score, median (IQR) 4 (3.5–5.5)

Genetic test, n (%) 201 (54.3)

SCN5A P/LP variant, n (%) 58/201 (29.4)

VF induction during EP study, n (%) 18/224 (8.0)

HV during EP study, ms mean (SD) 42.1 ± 6.2

cSNRT during EP study, ms, mean (SD) 421.3 ± 49.1

Symptoms before ILR, n (%)

Syncope 190 (51.4)

Palpitations 84 (22.7)

Any symptoms (all of the above) 274 (74.1)

No symptoms 96 (25.9)

Syncope characterization before ILR

Suspected arrhythmic, n (%) 9 (4.7)

Unexplained, n (%) 181 (95.3)

Time from syncope to ILR, months, median (IQR) 1.9 (0.3–18.2)

Continuous variables are shown as mean ± SD or median (IQR). Discrete variables are 
presented as n (%). 
Abbreviations: AF, atrial fibrillation; EP, electrophysiological; ILR, implantable loop 
recorder; IQR, interquartile range; SCD, sudden cardiac death; SD, standard 
deviation; VF, ventricular fibrillation; P, pathogenic, LP, likely pathogenic; cSNRT, 
corrected sinus node recovery time.
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anticoagulants for 23 patients. Additionally, 37 patients (10.4%) were 
referred for catheter ablation (CA): 31 patients underwent AAs abla
tion (6 atrioventricular nodal reentrant tachycardia/atrioventricular re
entrant tachycardia ablation, 25 AF ablation) and 6 patients underwent 
VA ablation (3 monomorphic VT, 1 polymorphic VT, and 1 VF) 
(Structured Graphical Abstract). In symptomatic patients, ILR led 
more frequently to significant clinical implications as compared to 
asymptomatic patients (Table 2).

Predictors of events
Analysing predictors of arrhythmic events, at univariate and multivariate 
Cox regression analysis (Table 3), the presence of symptoms before ILR 

implant (HR 2.5, 95% CI 1.3–4.9, P = .001) and age above 50 years (HR 
1.7, 95% CI 1.1–2.5, P = .016) were found to be independently asso
ciated with the occurrence of arrhythmias during follow-up. The ar
rhythmic event distributions and clinical implications stratified 
according to the symptom status are presented in Table 2. Analysing 
predictors of VAs (Table 3), the only baseline variable related to the oc
currence of VA, was VF inducibility during EPS (HR 9.0, 95% CI 3.4– 
24.2, P < .001).

Subgroups analysis
A sex-related sub-analysis is presented in Supplementary data online, 
Figure S1, showing no significant differences in the prevalence of 

Figure 1 Arrhythmic event free-survival stratified according to symptom status before implantable loop recorder implant. Top panel: overall arrhyth
mias (atrial tachyarrhythmias, ventricular arrhythmias, and bradyarrhythmias); bottom panel: ventricular arrhythmias
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different arrhythmias. The age-related sub-analysis is shown in Figure 4. 
The incidence of BAs progressively increased in the elderly, while a sig
nificant incidence of AF was present in both the elderly and younger 
adults. The incidence of VAs slowly decreased over time.

Discussion
We report the largest cohort of patients with BrS and ILRs and expand 
the current knowledge on the value of continuous rhythm monitoring 
in BrS.

The main findings are: (i) ILR implantation in symptomatic patients 
with BrS allows to identify an arrhythmic event in nearly 30% of the pa
tients, with significant clinical implications in 70% of them; (ii) the 

majority of detected arrhythmias are BAs or AAs, while the rate of sus
tained VAs is low; (iii) true arrhythmic syncope is infrequent in patients 
with unexplained syncope and mostly caused by BAs; (iv) symptom sta
tus can be used to guide ILR implantation.

Continuous rhythm monitoring in BrS: 
brady- and tachyarrhythmias
The 2018 ESC Guidelines on syncope and the 2022 guidelines on VAs 
consider the implant of an ILR in BrS patients with recurrent episodes 
of unexplained syncope.6,7 However, this recommendation is mostly 
based on expert opinion, as in the literature there is only small evidence 
supporting this approach.

Figure 2 Type of arrhythmia detected at implantable loop recorder monitoring, stratified according to symptom status at baseline
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Figure 3 Characterization of syncope by implantable loop recorder. Details on the arrhythmic event are as follows: Bradyarrhythmias (n = 19, 59.3%): 
atrio-ventricular block (n = 4), Sinus arrest (n = 15). Atrial arrhythmias (n = 5, 15.7%): Atrial fibrillation (n = 5). Ventricular arrhythmias (n = 8, 25.0%): 
sustained ventricular tachycardia (n = 3), ventricular fibrillation or polymorphic ventricular tachyarrhythmias (n = 2), non-sustained ventricular tachyar
rhythmias (n = 3)
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Table 2 Follow-up outcomes comparison between symptomatic and asymptomatic patients

All pts.  
(n = 370)

Pts. w symptoms  
(n = 274)

Pts. w/o symptoms  
(n = 96)

HR Lower  
95%CI

Upper  
95% CI

P-value

Arrhythmic events

Overall arrhythmias 94 (25.4%) 84 (30.7%) 10 (10.0%) 3.1 1.6 5.9 .001

Brady-arrhythmic events 32 (8.6%) 28 (10.2%) 4 (4.2%) 2.2 0.7 6.4 .14

Atrial tachyarrhythmias 58 (15.7%) 51 (18.6%) 7 (7.3%) 2.5 1.1 5.5 .022

Ventricular 
tachyarrhythmias

20 (5.4%) 20 (7.3%) 0 – – – –

Arrhythmic death 0 0 0 – – – –

All patients  
(n = 370)

Pts. w symptoms  
(n = 274)

Pts. w/o symptoms  
(n = 96)

OR Lower  
95%CI

Upper  
95% CI

P-value

Clinical implications

PM implantation 8 (2.2%) 7 (2.5%) 1 (1.0%) 2.5 0.3 20.6 .39

ICD implantation 23 (6.2%) 22 (8.0%) 1 (1.0%) 8.3 1.1 62.4 .040

Drug therapy initiation 34 (9.0%) 31 (11.4%) 3 (3.0%) 1.0 0.9 1.1 .86

Atrial arrhythmias ablation 31 (8.4%) 24 (8.8%) 7 (7.3%) 2.5 0.8 7.8 .12

Ventricular arrhythmias 
ablation

6 (2.0%) 6 (2.2%) 0 – – – –

Overall clinical impact 68 (18.4%) 59 (21.5%) 9 (9.4%) 2.7 1.3 5.6 .010

Univariate COX regression (upper part) and logistic regression (lower part) analysis for predictors of arrhythmias, comparing patients with symptoms and those without symptoms. 
Overall clinical impact refers to the presence of one or more of the aforementioned clinical implications. 
Abbreviations: CI, confidence interval; HR, hazard ratio; ICD, implantable cardioverter defibrillator; OR, odds ratio; PM, pacemaker; pts, patients; w, with; w/o, without.
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Indeed, during the last decades, only few single-centre studies with 
small size patient populations have investigated the utility of ILRs in BrS 
patients.16 Giustetto et al. previously reported seven symptomatic pa
tients with ILRs and BrS and observed no tachyarrhythmias during follow- 
up but one episode of 27-second pause leading to PM implantation.17 Few 
years later, the same group reported a larger cohort of 27 patients with 
unexplained syncope and ILR.18 In this group, the only recorded event was 
an asystolic pause of 24 s. Furthermore, Sakhi et al. observed that only 3 
out of 20 BrS patients with ILR and syncope experienced NSVT, with no 
episode of SCD.19 Conversely, 11 patients (55%) had BAs leading to PM 
implantation, and one patient had AF.19 A larger series (50 patients) has 
recently been reported by Scrocco et al., with an arrhythmic event re
corded in 11 patients (22%) during a median follow-up of 28 months 
(no sustained VA, 1 NSVT, 6 AF/PSVT, 4 BAs).10

Overall, all previous studies suggested two key points concerning symp
tomatic patients with BrS and ILRs: (i) arrhythmic syncope may result from 
both BAs and tachyarrhythmias; (ii) a high prevalence of arrhythmias, 
other than VAs, will likely be detected by ILR in symptomatic BrS patients.

Our data on a larger population of patients with BrS and ILRs confirm 
and strengthen the initially reported findings, showing a low prevalence 
of fatal arrhythmias in BrS patients without an ICD indication, with VAs 
being documented in a minority of patients (yearly incidence: 1.1%). 
Conversely, a non-negligible rate (25.4%) of non-VAs [mostly BAs 
(8.6%), and atrial tachyarrhythmias (15.7%)] were detected over a me
dian follow-up of 3 years.

The prevalence of AF among BrS patients is known to be higher than 
in the general population but it has been characterized predominantly in 
the context of continuous monitoring of high-risk patients with ICDs, in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Predictors of arrhythmic events in Brugada syndrome patients with implantable loop recorder

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Lower Upper Lower Upper

All arrhythmic events

Female sex 1.5 0.8 1.8 .51

Age > 50 years 1.8 1.2 2.8 .002 1.7 1.1 2.5 .016

ILR for symptoms 3.1 1.6 5.9 .001 2.5 1.3 4.9 .001

ILR for syncope 1.2 0.8 1.8 .46

ILR for palpitations 1.9 1.2 2.9 .003 1.4 0.9 2.3 .10

Proband status 1.6 0.9 2.7 .069

Family history of BrS 1.1 0.7 1.6 .82

Family history of SCD 1.2 0.8 1.9 .37

Shanghai score 1.0 0.9 1.2 .65

Type 1 ECG 1.0 0.7 1.5 .92

SCN5A P/LP variant 1.0 0.6 1.8 .94

Positive EP study 1.9 0.9 3.9 .085

Ventricular arrhythmic events

Female sex 0.8 0.3 2.1 .69

Age 0.1 0.9 1.0 .98

ILR for syncope 1.3 0.5 3.3 .51

ILR for symptoms 32.1 0.5 2267.4 .11

Proband status 3.8 0.9 16.4 .073

Family history of BrS 1.0 0.4 2.7 .95

Family history of SCD 0.9 0.3 2.4 .81

Shanghai score 1.3 0.9 1.7 .124

Type 1 ECG 0.8 0.3 1.9 .60

BrS pathogenic variant 1.7 0.6 4.7 .33

Positive EP study 9.0 3.4 24.2 <.001

Univariate and multivariate COX regression analysis for predictors of arrhythmias. 
Abbreviations: BrS, Brugada syndrome; CI, confidence interval; EP, electrophysiological; HR, hazard ratio; ICD, implantable cardioverter defibrillator; ILR, implantable loop recorder; OR, 
odds ratio; PM, pacemaker; SCD, sudden cardiac death.
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whom AF occurrence is between 6% and 39%.20–23 Despite the pres
ence of a specific ECG atrial phenotype displayed by BrS patients, the 
exact prevalence of AF among patients undergoing continuous rhythm 
monitoring has been largely unexplored until now.24 In our study, AF 
was documented by ILR in up to 10.8%. Moreover, in our cohort the 
yearly incidence of ventricular events was 2.18% in patients with syn
cope of arrhythmic or unknown origin. Based on previous studies on 
patients with syncope managed medically or with an ICD, the overall 
rate of ventricular events was comparable to our findings: 2.8 events 
per 100 person-years among patients with suspected arrhythmic syn
cope and 2.2 events per 100 person-years among patients with syncope 
of unknown cause.25 This is confirmed in another study reporting 2.6% 
events per years among patients with suspected cardiogenic syncope.4

Similarly, data on the prevalence of BAs has traditionally been limited to 
small case series, and bradycardia occurrence and need for pacing become 
often concealed after ICD implantation resulting in on-demand ventricular 
pacing.26 It has been previously reported that advanced AV block can be 
part of the clinical manifestation of BrS, being present in nearly 3% of pa
tients. The prognostic value of advanced AV block remains controversial 
as well as the identification of the optimal strategy in these patients re
garding device type selection (PM vs. ICD). On the other hand, it is well 
established the prognostic value of sinus node dysfunction in BrS, especial
ly in the paediatric population.27,28 The prevalence of advanced AV block 
and sinus node dysfunction in our study population was 1.6% and 7.8%, 
respectively. Advanced AV block and sinus node dysfunction led to syn
cope in 68% and 64% of patients, respectively.

These findings importantly support the current guideline-based rec
ommendation on the utility of ILR in BrS with respect to symptom cor
relation and arrhythmia detection.29

To date, no detailed information is available on the exact incidence of 
arrhythmias detected by ILR in young and otherwise healthy adults. 
Therefore, no specific comparison can be made between the burden 
of arrhythmias documented in our study and the arrhythmic burden 
of an age-related population of subjects without BrS. A previous study 
on a wearable monitoring device can be valuable in understanding the 
entity of the arrhythmic burden associated with BrS. The Apple 
Heart Study involved over 400 000 participants with a mean age of 
41 years, undergoing continuous monitoring.30 An AF incidence of 
<0.5% was reported, whereas our study, in line with previous BrS lit
erature, documented an AF incidence of >10%.

Predictors of arrhythmic events in BrS and 
ILRs
The ECG and clinical predictors of VAs in BrS patients have been widely 
assessed, with the spontaneous type 1 ECG and aborted SCD/VAs 
being the ones with the strongest association and leading to ICD im
plantation.1,7,31 In our study, VF induction at EPS was associated with 
recurrent arrhythmic ventricular events at follow-up. The value of 
EPS in BrS is controversial and its result should be taken into consider
ation based on the adopted protocol of ventricular stimulation and the 
overall risk profile of the patient.31–33

Moreover, symptom status before ILR implantation was found to be 
an independent predictor of overall arrhythmias. Indeed, our study re
sults suggest that ILR implantation offers only modest benefits in 
asymptomatic patients, given the low rate of detected arrhythmias, 
and, therefore, its clinical value needs further evaluation. This is in 
line with a recent study from Gaita et al. that included only asymptom
atic patients without ILR and documented a low ventricular arrhythmic 
event rate in this category of BrS patients.31 Conversely, in symptom
atic (syncope or palpitations) patients that constitute the large majority 
of our patients’ cohort, the event rate is as high as 30%, and ILRs lead to 
significant clinical implications in 20%. This represents a significant step 
forward from the current guidelines, where only patients with syncope, 
and not those with palpitations, are considered appropriate candidates 
for ILR. Interestingly, although not surprisingly, the type of arrhythmias 
detected by ILR among patients with syncope and palpitations is differ
ent. Patients with syncope tend to experience more BAs and VAs, while 
those with palpitations are more likely to experience AAs.

Of note, the percentage of female patients in our study is slightly 
higher than what previously reported in other Brugada studies. This of
fers an important clinical input as it allows us to better characterize this 
usually underrepresented category. As shown in Supplementary data 
online, Figure S1, the occurrence of arrhythmic events is not substantial
ly different in the three different arrhythmic categories.

Brugada syndrome and syncope
Arrhythmic syncope is considered a SCD prognostic marker in BrS.33,34

Therefore, a careful differentiation between probable arrhythmic syn
cope and non-arrhythmic syncope is of utmost importance.35

Different studies have shown that a history of arrhythmic syncope re
sults in a two-times higher relative risk for VAs.35 Indeed, based on 
guidelines, in the presence of suspected arrhythmic syncope, an ICD 
should be implanted.5–7

However, two caveats should be considered. First, the predictive value 
of ‘suspected’ arrhythmic syncope is relatively low: only up to 15% of 

Figure 4 Arrhythmia distribution in different age groups. In the bot
tom line, age groups divided by years of age are presented as < 30 
years of age; 30–40 years of age, 40–50 years of age, 50–60 years of 
age, and > 60 years of age
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patients with arrhythmic syncope experience sustained VAs 9 years after 
ICD implantation.35 Secondly, the proportion of BrS patients with syn
cope unnecessarily treated with an ICD is not negligible, and inappropri
ate shocks can occur in up to 20% of cases.22,35 Moreover, the diagnosis 
of arrhythmic syncope mostly relies on patients’ memory and their ability 
to describe the event.36,37 This complexity is compounded by the fact 
that syncope is a frequent symptom: 30% of BrS patients will have ex
perienced syncope at the time of diagnosis. The high prevalence of syn
cope, particularly vasovagal syncope, suggests that a patient with BrS may 
experience episodes of both vasovagal and arrhythmic syncopes.38 No 
single feature from medical history-taking is sufficient for differential diag
nosis, and triggers or prodromes can be concurrent in neutrally 
mediated and arrhythmic syncope.8,25 Finally, BAs or atrial tachyarrhyth
mias can be the cause of the arrhythmic syncope, and, based on the cur
rent knowledge, patients with non-VAs may not need an ICD. Current 
guidelines suggest that instead of an ICD, an ILR should be considered in 
patients with recurrent episodes of unexplained syncope (class IIa, level 
of evidence C).6,7 Overall, our study supports and justifies the more con
servative approach outlined in the guidelines, showing that VA rate 
among patients with syncope is low.

Limitations
Our study presents several limitations. Our cohort consists of a hetero
geneous population with a low proportion of syncopal events suspected 
to be arrhythmic, thus limiting ability to perform a comprehensive ana
lysis. Yet as stated before the ability to truly identify a syncopal event as 
arrhythmic is limited, making the inclusion of a significant portion of un
selected syncopal cases a reflection of real-world clinical practices. The 
duration of our 3-year follow-up period is relatively brief, which could 
potentially result in underestimating event rates, especially considering 
the young age of our patient population. The rate of patients undergoing 
EPS (61%) may appear high. However, this rate is reflective of the pres
ence of potential indicators of enhanced arrhythmic risk in our patient 
population, in which extensive efforts were made to exclude malignant 
VAs before ILR implantation.

Conclusions
ILR implantation identifies arrhythmic events in nearly 30% of symp
tomatic BrS patients and leads to significant clinical implications in 
70% of them. The most commonly detected arrhythmias are AAs 
and BAs, while VAs are detected only in 7% of cases. Symptom status 
can be used to guide ILR implantation.
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