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Abstract
Brugada syndrome (BrS) is a rare channelopathy associated with sudden cardiac death (SCD). Although outcome data of 
adult cohorts are well known, information on children are lacking. The aim of the present study was to analyze the clinical 
profile, treatment approach and long-term outcome of children affected with BrS. After a systematic review of the literature 
compiled from a thorough database search (PubMed, Web of Science, Cochrane Libary, Cinahl), data from a total of 4 studies 
which included 262 BrS patients were identified. The mean age of patients was 12.1 ± 5.5, 53.8% males and 19.8% spontane-
ous BrS type I. 80.2% of patients presented BrS ECG I after receiving sodium channel blockers. 76% of these patients were 
asymptomatic while only 17.9% suffered from recurrent syncope. Around 1.5% of the patients were admitted due to aborted 
SCD, and 3% suffered from atrial arrhythmias. Electrophysiological work-up was performed in 132 patients. Induction of 
ventricular tachycardia/ventricular fibrillation using programmed ventricular stimulation was inducible in 16 patients. 56 
children received an ICD. 11 patients received quinidine. An electrical storm was documented in 1 patient. Appropriate 
shocks occured in 16% of the patients over a median follow-up period of 62.2 (54–64). ICD-related complications were 
observed in 11 patients (19.6%) with a predominance of inappropriate shocks and lead failure and/or fracture. Although 
BrS in the childhood is rare, diagnosis and management continues to be challenging. ICD therapy is an effective therapy in 
high-risk children with BrS, however, with relevant ICD-related complications.
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Introduction

Brugada syndrome (BrS) is an inherited channelopathy asso-
ciated with a substantial risk of sudden cardiac death (SCD) 
[1]. BrS is a rare disease with a low prevalence. The diag-
nosis of could be manifested using sodium channel block-
ing drugs e.g. ajmaline and/or flecainide. Additionally, fever 

could increase the risk of ventricular tachyarrhythmias [2]. 
Therefore the European Society of Cardiology guidelines 
on diagnostic and management of ventricular tachycardia 
recommended avoiding fever in BrS patients. ICD implanta-
tion is recommended in high-risk BrS patients [3]. However, 
ICD is not always feasible or adequate for every patient. 
Although a bevy of data have been reported in children 
with BrS, informations on clinical profile and long-term 
outcome remain lacking. Subsequent studies reported that 
prevalence of BrS in the pediatric population is extremely 
low (0.0098%) compared with the adult population (0.14% 
to 0.7%).

ICD implantation is recommended for secondary preven-
tion of SCD in some cases for primary prevention [4]. How-
ever, no generally accepted or evidence-based guidelines are 
available for the specific therapeutic management of BrS 
in children.

The aim of the present study is to present the clinical 
demographic, treatment and long-term outcome of BrS in 
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children gathered over the last 20 years based on a system-
atic literature review.

Methods

Systematic Literature Review

In this pooled analysis, we included all reports on BrS 
patients at age ≤ 18. A total of 262 BrS patients described 
in four research papers, were included for our analysis [5–8]. 
In these reports, patients were younger than 18 years of age 
and presented between 1992 and 2018.

BrS was diagnosed according current guidelines for diag-
nostic, management and treatment of BrS [9–11]. This arti-
cle presents a review of all published cases and/or cohort 
and a pooled data analysis of the identified patients. Publi-
cation dates up to December 2017 were included. A litera-
ture search (PubMed, Web of Science, Cochrane Library, 
Cinahl) was performed by a librarian with limits including 
publication dates (up to December 2017) and eligibility cri-
teria such as English language and human subjects. 3700 
titles/abstracts were screened (GR) considering the clinical 
profile of patients. 23 articles were identified through a sec-
ond search (Fig. 1). 19 studies were excluded due to double 
incidence, outcome of not of interest and only an abstract is 
behind publications. We used the PICO strategy to identify 
significant literature by using controlled search items [(Bru-
gada Syndrome) AND (Children) or (Pediatric)] related to 
our clinical question [12].

Statistics

Data are presented as mean ± SD for continuous variables 
with a normal distribution, median (interquartile range) for 
continuous variables with a non-normal distribution, and 
as frequency (%) for categorical variables. The Kolmogo-
rov–Smirnov test was used to assess normal distribution. 
Student’s t test and the Mann–Whitney U-test were used to 
compare continuous variables with normal and non-normal 
distributions, respectively. The χ2 test or Fisher’s exact test 
was used to compare categorical variables.

Results

Demographics

The median age of patients was 15.7 (8–18) with a predomi-
nance of male patients (55%), Table 1. 80.1% of patients 
demonstrated BrS type I after use of sodium channel block-
ers. 76% of the patients were asymptomatic. 17.9% were 
admitted to the hospital due to recurrent syncope and 1.5% 
were admitted due to aborted sudden cardiac death (SCD). 
3% of patients presented atrial arrhythmias at the time point 
of diagnosis, Fig. S1a, b. 44.3% of patients have had a family 
history of SCD.

Syncope was predominantly presented at rest (32.9%). 
However, 1.1% of patients have suffered from syncope dur-
ing exercise, Fig. S1c. Using sodium channel blocker none 
of patients suffered from sustained and/or non-sustained VT.

Fig. 1   Flowchart of recruit-
ment criteria of the present 
study. Finally 262 patients were 
included from four studies
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Electrophysiology Study and Treatment Approach

An electrophysiological study (EP) and PVS was per-
formed in 132 patients. Ventricular tachycardia/ventricu-
lar fibrillation was documented in 16 patients (12.1% of 
cases), Table 2. 72 patients received an ICD and 5 patients 
were started on hydroquinidine (HQ). Whereas appropri-
ate shocks were documented in 9 patients, 4 patients suf-
fered from inappropriate shocks during a follow-up of 62.2 
(54–64) months.

ICD‑Related Complications and Management

ICD-related complications were documented in 7 patients. 
The rate of appropriate ICD shocks (16%) was higher as 
compared to inappropriate shocks (7.4%) over a follow-
up interval of 62.2 (54–64) months, Table 2. Complica-
tions are listed as follows: lead failure and fracture (7%), 
endocarditis (3.6%), hemothorax (2%), and inappropriate 
shocks (7%), Table 3.

Table 1   Demographic of BrS patients and treatment strategy

Study Overall Sorgente et al. [6] Aandorin et al. [5] Gonzalez Cor-
cia et al. [7]

Gonzalez 
Corcia et al. 
[8]

Demographics
 Number of patients 262 28 106 88 40
 Age mean±SD 12.1 ± 5.5 < 18 11.1 ± 5.7 15.9 ± 6.3 14.9 ± 6.8
 Male, n (%) 141 (53.8) 12 (43) 58 (55) 45 (51) 26 (65)

Symptoms, n (%)
 Asymptomatic 199 (76.0) 26 (93) 85 (80) 88 (100) 0 (0)
 Syncope 47 (17.9) 2 (7) 15 (14) 30 (34) 0 (0)
  During rest 29 (11.1) n.i. n.i. 29 (33) n.i
  During excersice 1 (0.4) n.i. n.i. 1 (1) n.i
  During fever 0 (0) n.i. n.i. 0(0) n.i.

 SCD 4 (1.5) 0 (0) 4 (4) 7 (8) 0 (0)
 Atrial arrhythmias (atrial flutter, atrial 

fibrillation or supraventricular tachycar-
dia)

8 (3) 1 (4) 0 (0) 0 (0) 7 (18)

 Family history of SCD 116 (44.3) 15 (54) 46 (43) 42 (48) 13 (33)
 Spontaneous BrS Type I 52 (19.8) 0 (0) 36 (34) 4 (5) 12 (30)
 Drug induced BrS 210 (80.1) 28 (100) 70 (66) 84 (95) 28 (70)
  Ajmaline 182/210 (86.6) 28 (100) 42 (40) 84 (95) 28 (70)
  Flecainide 27 (12.8) 0 (0) 27 (25) 0 (0) 0 (0)

Drug induced complications, n (%)
 Sustained VT 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Ventricular fibrillation 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Non-sustained VT 0 (0) 0 (0) 2 (2) 0 (0) 0 (0)

Clinical management, n (%)
 ICD implantation 56 (21.4) 0 (0) 22 (21) 0 (0) 34 (85)
 ICD Complications, n (%) 7 (2.7) 0 (0) 7 (32) 0 (0) 0 (0)
 Using of quinidine, n (%) 11 (4.2) 0 (0) 11 (10) 0 (0) 0 (0)

Pacemaker Implantation, n (%)
 Yes 5 (1.9) 0 (0) 5 (18) 0 (0) 0 (0)
 EP study 132 (50.4) 12 (43) 22 (21) 70 (80) 28 (70)
 Induction of VF or VT 16 (9.9) 1 (4) 9 (8) 0 (0) 6 (15)

Genetic screening, n (%)
 SCN5a 91/128 (71.2) n.p. 58/75 (77) 24/33 (73) 9/20 (45)
 Follow-up time (months), median (IQR) 62.2 (54–64) n.i. 54 (15–99) 64 (0–376) 64 (0–376)
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Discussion

Based on the current literature review of BrS in children we 
found the following:

	 (i)	 the majority (76%) of patients have no symptoms, 
however, SCD is the leading cause for admission in 
1.5%.

	 (ii)	 The need to use sodium channel blockers in children 
might be high to unmask BrS, with no safety con-
cerns

	 (iii)	 Using EP work-up ventricular tachyarrhythmias are 
inducible in at least 10% of patients.

	 (iv)	 The rate of appropriate ICD shocks (16%) was higher 
as compared to inappropriate shocks (7.4%) over a 
follow-up interval of 62.2 (54–64) months.

It has been reported that the risk of SCD might be esti-
mated 1.3 to 4.3 per year per 1,00,000 inhabitants. BrS is 
considered mainly a disease of the young male adult, with a 
reported mean age at SCD of 40 years.

Recently, published data have presented that BrS is 
responsible for at least 5% of SCD in patients without 
structural heart disease [13]. To data, the prevalence of 
BrS in the childhood remains lacking. It is rarely diagnosed 
in children and the majority of patients are asymptomatic. 

Table 2   Electrophysiology data of BrS diagnosed on the child

Study Overall
N = 56

Sorgente et al. [6] Aandorin et al. [5] Gonzalez Corcia 
et al. [7]

Gonzalez 
Corcia et al. 
[8]

ICD Implantation, n (%)
 ICD Complications, n (%) 11(19.6) 0 (0) 11 (50) 0 (0) 0 (0)
 Adequate shocks, n (%) 8 (14) 0 (0) 0 (0) 0 (0) 8 (23)
 EP study 132 (50.4) 12 (43) 22 (21) 70 (80) 28 (70)
 Induction of FV or VT 16 (28.5) 1 (4) 9 (8) 0 (0) 6 (15)

Death, n (%) (n = 262)
 Death because of electrical storm 1 (0.3) 0 (0) 0 (0) 0 (0) 1 (3)
 Cardiac cause of death 4 (1.5) 0 (0) 3 (3) 0 (0) 1 (3)
 Inappropriate ICD discharge resulting 

in death
0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Table 3   Complications of ICD implantation in BrS patients

Variables Total N = 56 Sorgente et al. 
[6]

Aandorin et al. [5] Gonzalez Corcia 
et al. [7]

Gonzalez 
Corcia et al. 
[8]

Lead failure and fracture 4 (7) 0 (0) 4 (18) 0 (0) 0 (0)
Dislocation of the generator 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Pericarditis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Endocarditis needing reimplantation 2 (3.6) 0 (0) 2 (9) 0 (0) 0 (0)
Hemothorax 1 (2) 0 (0) 1 (5) 0 (0) 0 (0)
Inappropriate shocks 4 (7) 0 (0) 4 (18) 0 (0) 0 (0)
Reasons for Inapppropriate shocks, n (%)
 Supraventricular arrhythmia 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Noise 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Sinus tachycardia 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Unknown 4 (7) 0 (0) 4 (100) 0 (0) 0 (0)

Treatment approach, n (%)
 Pulmonary vein isolation for multiple I.S 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Catheter ablation for arterial flutter 2 (0.4) 0 (0) 2 (2) 0 (0) 0 (0)
 Appropriate shock 9 (16) 0 (0) 0 (0) 0 (0) 9 (23)
 Electrical storm 1 (2) 0 (0) 0 (0) 0 (0) 1 (3)
 Quinidine treatment 11 (19.6) 0 (0) 11 (10) 0 (0) 0 (0)
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Additionally, in addition to the high heterogeneity of BrS 
the disease penetrance in SCN5A mutation carriers is 
lower in children with 17% as compared to 100% in adults 
[14]. Moreover, age-dependent expression of BrS also in 
response to sodium channel blockers have been reported 
[15] with an appearance after 5 years of age [16]. All these 
data might associate with hormone effects and epigenetic 
confounders [17]. These findings might explain the high 
percent of asymptomatic. However, these findings are 
required to be studied using novel experimental studies. 
Recently, published data showed that human cardiomyo-
cytes from induced-pluripotent stem cells might be a use-
ful model for studying the pathophysiology of inheritable 
cardiac channelopathies [18, 19] and for drug screening.

The present data show that 3% of patients have suffered 
from atrial arrhythmias. These finding are not surprising 
and comparable to data in adult patients, however, with 
a lower prevalence. This might be explained by the pen-
etrance of BrS in children and not the complete phenotype, 
which is developing over the years until 30 years of age. 
Follow-up 12-lead ECG might be helpful to document 
BrS I ECG and/or symptoms also in asymptomatic patient 
without BrS I ECG at baseline, since patients may develop 
BrS I ECG after puberty due to changes of hormone status.

It is well known that BrS is inherited with a presence of 
a mutation in 20–30% of patients causing a loss of function 
of sodium channel current predominated by the SCN5A 
gene. Since the peak sodium current is influencing the 
conduction, it is not a surprising finding that BrS may pre-
sent with sinus node dysfunction [20]. These phenomena 
have been reported in adult BrS patients with a need for 
pacemaker implantation [21]. In this children cohort, 1.9% 
of patients received a pacemaker implantation regarding 
to sinus node dysfunction and or atrioventricular block, 
which might be higher than reports in adults [21].

Sodium channel blockers are indicated to manifest 
the diagnosis of BrS triggering type I ECG in suspected 
patients [22]. It is recommended to infuse ajmaline. How-
ever, this is not available in all countries. For this rea-
son alternative drugs may be required such as flecainide 
or procainamide. Recently published data have shown a 
lower sensitivity as compared to ajmaline [22]. The value 
of ajmaline in adults have studied well and presented a 
positive response in 20–40% of cases with a very low 
complication rate including ventricular arrhythmias in 
0.1–1.5% of tested patients [23]. In our present analysis, 
we show that the response to ajmaline is up to 80% with 
no concerns of safety. This large difference in the response 
rate might be explained by a heterogeneity of the popu-
lations. Children included in these studies are selected 
regarding either a high risk of SCD in their family and/or 
BrS of their parents. The short half-life of ajmaline and 

its rate-dependent sodium channel blocking might be an 
advantage as compared to other sodium channel blockers.

One important data point in BrS is the use of risk strati-
fication strategies. Recently published data have confirmed 
that EP study with PVS might be a useful approach to iden-
tify high-risk BrS patients. However, current guidelines nei-
ther discourage nor encourage EP with PVS in BrS patients 
especially in asymptomatic patients. It has been reported 
that ventricular tachyarrhythmias were inducible in 50–70% 
of adult patients. Our present study shows that ventricular 
tachyarrhythmias with 10% are less induced in children. This 
could be explained by the low clinical penetrance and not 
completely developed phenotype in children as compared 
to adults.

In addition to SCN5A gene different genes have been 
associated with BrS in the last decade and all together may 
be responsible for 2% to 5% of diagnosed cases. Despite 
our understanding of genetic basis of BrS only 20–30% 
of patients have an affected gene with predominance of 
SCN5A. In the present cohort of children SCN5A mutations 
have been found in nearly 71% of patients. This is explained 
by recruiting these children due to cascade family/genetic 
screening. Up to date, until now the association of mutations 
of SCN5A with BrS is studied well. However, appropriate 
cellular models to understand the pathophysiology of BrS 
patients with other affected genes remain lacking. Human 
cardiomyocytes from induced pluripotent stem cells (hiPSC-
CM) might be a promising model in the future.

Overall, there is great variation in the reported rate of 
appropriate ICD therapy in adult BrS patients approximately 
5–22%. One of the most significant differences between 
these studies is the incidence of appropriate therapies in pre-
viously asymptomatic individuals. Although several authors 
report no therapy in this group, during an average follow-up 
of 2.3 to 7.3 years, other studies report an overall rate of 
4% to 13% after an average follow-up of 3.2 to 9.3 years 
[24–26]. A difference in the study population is the most 
likely explanation for this observation. Our data on appropri-
ate ICD therapy in children (16%) might be consistent with 
reports on long-term outcome in adults.

Although data on ICD-related complications e.g. inap-
propriate shocks show a little higher rate as compared to 
appropriate shocks in adults, our finding in children might 
be consistent with reported data in adults. We present ICD-
related complication rate of at least 19.6% with a predomi-
nance of inappropriate shocks and lead fracture.

Based on these data, the diagnosis and management of 
children with BrS continues to be challenging. Patient’s 
age, family history, and clinical history should be taken into 
consideration in an individualized algorithm especially in 
asymptomatic children. This is recommended due to high 
rate of ICD-related complications. Children with BrS should 
be treated in special cardiogenetic centers. Sinus node 
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dysfunction and high degree atrioventricular block might 
be more presented in children as compared with adults. 
Therefore, regular ECG follow-ups are also recommended.

Study Limitation

This study provides registry data dominated by retrospec-
tive studies and, although the authors clinically evaluated 
all patients, clinical assessment and treatment algorithm 
was not uniform and consecutively ICD indications were not 
homogeneous throughout the study. The number of recruited 
patients in the present analysis is low. Only SCN5A muta-
tions were evaluated in the present analysis; excluding the 
possibility of mutations in other BrS-related genes. In addi-
tion, despite the obvious advantages of our recruited studies, 
novel therapeutic approaches such as ventricular ablation 
was not evaluated. Finally, the role of subcutaneous ICD was 
not evaluated in the present study.

Conclusions

Although BrS in the childhood is rare, diagnosis and man-
agement continues to be challenging. ICD therapy is an 
effective therapy in high-risk children with BrS, however, 
with relevant ICD-related complications.
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