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ABSTRACT

Brugada syndrome was first described in 1992 as right precordial ST-segment elevation in 
patients with structurally normal hearts and sudden cardiac death. Brugada Syndrome is one 
of the most common reasons for sudden cardiac death (4-12%) and is a hereditary disease 
with an autosomal dominant pattern of transmission with nearly 300 pathogenic variants in 
19 responsible genes published. The present review focuses on the diagnosis, genetics, risk 
stratification, and management of patients with Brugada Syndrome.
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ÖZET

Brugada sendromu (BrS), ilk olarak 1992 yılında, yapısal kalp hastalığı olmayan ve ani kardiyak 
ölüm gelişen hastalarda sağ prekordiyal derivasyonlarda ST segment elevasyonu olarak tanım-
lanmıştır. BrS, ani kardiyak ölümün en sık nedenlerinden olan (%4-12), otosomal dominant 
geçiş paterni gösteren herediter bir hastalıktır (bilinen 19 gende 300 civarı patojenik varyant). 
Bu derleme, BrS tanısı, genetik değerlendirmesi, risk strafikasyonu ve tedavileri konularını 
ayrıntılamaktadır.

Anahtar Kelimeler: Aritmi, Brugada sendromu, ani kardiyak ölüm

Brugada syndrome (BrS) was first described in 1992 in 8 patients with right precordial 
ST-segment elevation, structurally normal hearts, and sudden cardiac death (SCD).1 

BrS has integrations with syndromes like idiopathic ventricular fibrillation (VF) and  
sudden unexplained death syndrome. BrS is one of the most common causes of  
SCD (4-12%).2,3

The overlapping syndromes with BrS and long or short QT interval have a common pat-
hophysiological background: alteration of ionic currents resulting in depolarization and 
repolarization abnormalities and ventricular arrhythmias. 

Electrocardiographic features and diagnosis
The echocardiographic (ECG) hallmark of BrS is the transient or persistent appear-
ance of typical ST-segment elevation in the right precordial leads. The second Brugada 
Syndrome Consensus Report4 stated the following diagnostic criteria. Three different 
ECG patterns (Figure 1) have been recognized: type I is the only pattern that is diagnos-
tic for BrS. It consists of a coved-type ST-segment elevation greater than 2 mm, fol-
lowed by a descending negative T wave in at least 1 right precordial lead (V1-V3). Types 
II and III are saddleback-shaped patterns, with a high initial augmentation followed by 
an ST-segment elevation greater than 2 mm for type II and less than 2 mm for type III. 
Both patterns are not diagnostic for BrS. 

An important problem in the diagnosis of BrS is the great variability of the ECG pattern. 
Repetitive ECG recordings are mandatory in patients with or suspected of having the 
syndrome. Brugada ECG pattern can be intermittent and can be provoked with physical 
activity, fever, cocaine, excessive alcohol use, electrolyte imbalances.5 Several medica-
tions like calcium antagonists, phenothiazines, selective serotonin reuptake inhibitors 
can also provoke BrS ECG pattern.5-7 Regression of typical ECG features has been repor-
ted in castrated men,8 and levels of testosterone seem to be higher in male Brugada 
patients compared with those in control males.9 Consequently, in agreement with the 
hormonal hypothesis, the phenotypic presentation in children do not seem to differ 
between boys and girls.10
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Previously, BrS diagnosis was based on the presence of type 
1 ECG pattern (spontaneous or drug induced) and clinical fin-
dings suggestive of ventricular arrhythmias (syncope, inducible 
or documented VF, agonal breathing, and family history of SCD). 
But, it is also well known that many patients with a type 1 ECG 
are asymptomatic. In 2013, an expert consensus statement pro-
posed a definition only based on ECG appearance of typical type 
1 pattern which does not require any further evidence of malig-
nant arrhythmias for BrS diagnosis.11,12

Intravenous administration of ajmaline, flecainide, pilsicainide, or 
procainamide can unmask the coved-type BrS ECG pattern and 
is used commonly for provocation of typical ECG pattern and for 
the diagnosis of BrS. Ajmaline, in a dose of 1 mg/kg, appears 

to be the best drug. The full stomach test was proposed as an 
alternative tool in diagnosing BrS.13 ST segment changes appear 
to be provoked by enhanced vagal tone after a large meal. It 
is important to exclude other causes of ST-segment elevation 
before making the diagnosis of BrS (Table 1).

Pathophysiologic mechanisms for ventricular arrhythmias in 
Brugada syndrome
Three possible mechanisms have been proposed for ventricular 
arrhythmias in BrS:14 depolarization abnormality leading to slow 
conduction and reentry in the right ventricular outflow tract 
(RVOT); repolarization abnormality leading to shortened action 
potential in the epicardium of the right ventricle; and develop-
ment abnormality originating from abnormal neural crest cells 
that participate in the development of the RVOT.

Genetics

BrS is a hereditary disease with an autosomal dominant pat-
tern of transmission with more than 300 pathogenic variants 
in 19 responsible genes (Table 2). The first gene documented 
to be associated with BrS was SCN5A, encoding the α-subunit 
of the cardiac sodium channel.15 The SCN5A gene is related 
to the sodium current responsible for phase 0 of the cardiac 
action potential. Mutations in SCN5A result in loss of function 
of the sodium channel. A mutation in the SCN5A gene is found 
in 25-30% of individuals with BrS.16 Potassium and calcium 
channel mutations are also related to BrS.17-22 Despite all the 
advances in genetics, only 30-35% of clinically diagnosed BrS 
patients have genetically diagnosed mutation.16

Figure 1.  Brugada electrocardiogram (ECG) patterns. (A) A diagnostic coved-type (type I) Brugada ECG pattern documented in a 
9-year-old girl who presented with syncope and positive family history of Brugada syndrome (BrS). (B) Baseline ECG of a 58-year-
old asymptomatic man with a positive family history of BrS. Example of a type II saddleback Brugada ECG pattern. Genetic analysis 
revealed a mutation in the SCN5A gene. (C) Example of a baseline type III saddleback Brugada ECG pattern documented in a 
61-year-old asymptomatic man who was diagnosed based on a positive result on class IC antiarrhythmic drug testing.

ABBREVIATIONS
AC	 Arrhythmogenic cardiomyopathy
AF	 Atrial fibrillation
BrS	 Brugada Syndrome
CI	 Confidence interval 
ECG	 Echocardiographic 
EPS	 Electrophysiological study
ERS	 Early Repolarization Syndrome 
HR	 Hazard ratio 
ICD	 Implantable cardioverter defibrillators 
LQTS	 Long QT syndrome
PCCD	 Progressive cardiac conduction disease 
RVOT	 Right ventricular outflow tract
SCD	 Sudden cardiac death 
SSS	 Sick sinus syndrome
VF	 Ventricular fibrillation
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In addition, the incomplete penetrance of the disease, as well 
as the variable expressivity, has brought into question the role 
of additional genetic factors in the final phenotype. Several 
single nucleotide polymorphisms were identified to define this 
variability.23-27

Familial screening
First-degree affected relatives should be screened by clini-
cal examination, interrogation, and performance of a 12-lead 
ECG (basal and upper intercostal space recording). Genetic tests 
should be performed in index cases, and when there is a positive 

Table 1.  Acquired Brugada Syndrome: Differential Diagnosis of ST-Segment Elevation in Electrocardiogram Leads V1 and V2

Drugs
Antiarrhythmic drugs •	 Class 1C sodium channel blockers (e.g., flecainide, pilsicainide, propafenone)

•	 Class 1A sodium channel blockers (e.g., procainamide, disopyramide, cibenzoline)
•	 Verapamil (L-type calcium channel blocker)
•	 β-Blockers (inhibit ICa,L)

Antianginal drugs •	 Nitrates
•	 Calcium channel blockers (e.g., nifedipine, diltiazem)

Psychotropic agents •	 Tricyclic antidepressants (e.g., amitriptyline, desipramine, clomipramine, nortriptyline)
•	 Tetracyclic antidepressants (e.g., maprotiline)
•	 Phenothiazines (e.g., perphenazine, cyamemazine)
•	 Selective serotonin uptake inhibitors (e.g., fluoxetine)
•	 Cocaine intoxication

Antiallergic agents •	 Histamine H1 antihistaminics. First generation (dimenhydrinate)

Acute ischemia in RVOT

Electrolyte disturbances •	 Hyperkalemia
•	 Hypercalcemia

Hyperthermia and hypothermia

Elevated insulin level

Mechanical compression of RVOT

RVOT, right ventricular outflow tract.

Table 2.  Brugada Syndrome Mutation Types
Inheritance Locus Gene Protein
(Sodium) Autosomal dominant 3p21-p24 SCN5A NaV1.5

3p22.3 GPD1-L Glycerol-3-P-DH-1

19q13.1 SCN1B Navβ1

11q24.1 SCN3B Navβ3

11q23.3 SCN2B Navβ2

3p22.2 SCN10A NaV1.8

17p13.1 RANGRF RAN-G-release factor (MOG1)

3p14.3 SLMAP Sarcolemma-associated protein

12p11.21 PKP2 Plakofilin-2

(Potassium) Autosomal dominant 
chromosome X

12p12.1 ABCC9 Adenosine triphosphate-sensitive

11q13-q14 KCNE3 MiRP2

12p12.1 KCNJ8 Kv6.1 Kir6.1

15q24.1 HCN4 Hyperpolarization cyclic nucleotide-gated 4

1p13.2 KCND3 Kv4.3 Kir4.3

Xq22.3 KCNE5 Potassium voltage-gated channel subfamily E member 
1

(Calcium) Autosomal dominant 2p13.3 CACNA1C Cav1.2

10p12.33 CACNB2B Voltage-dependent β-2

7q21-q22 CACNA2D1 Voltage-dependent α2/δ1

19q13.33 TRPM4 Transient receptor potential M4
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result, mutations should be identified in children to follow the 
recommendations on fever control and avoidance of dangerous 
drugs. Mutation carriers should be annually screened with an 
ECG when asymptomatic.

Overlapping and discordant intrafamily syndromes
Some families with BrS show diverse and discordant phe-
notypes among their members. These overlapping syn-
dromes represent a challenge to physicians for diagnosis and  
risk stratification.

Early repolarization syndrome (ERS) is a common ECG variant 
characterized by J-point elevation, upper concave ST-segment 
elevation, and prominent T waves in at least 2 contiguous 
leads.28 ERS and BrS have common genetic and ECG pathologies 
(appearance of J waves), but the degree to which ERS and BrS 
may overlap is still undetermined.29,30 Reports have been publis-
hed on patients with BrS and ERS (J-wave syndromes).31

Progressive cardiac conduction disease (PCCD, Lev-Lenègre 
syndrome) is characterized by disruption of the cardiac con-
duction system with syncope and even SCD. The presence of 
PCCD in BrS families is not uncommon; asystole and advanced 
atrioventricular (AV) block are the causes of SCD in this patient 
population. First mutations associated with PCCD were described 
in the gene SCN5A32,33 and in its B1 subunit.

Sick sinus syndrome (SSS) is characterized by sinus bradycardia, 
sinus arrest, and atrial arrhythmias. Patients may exhibit varied 
symptoms, including syncope, and may be diagnosed after an 
aborted SCD episode. The course of SSS can be unpredictable 
and is related to the severity of the underlying heart disease.34 An 
association between SCN5A mutations and congenital SSS was 
reported.35 A novel SCN5A mutation was identified in patients 
presenting with both SSS and BrS.36 Presence of SSS is a very 
negative prognostic factor for patients with BrS, particularly in 
children.

Atrial fibrillation (AF) is the most common atrial arrhythmia 
found in BrS. About 9-53% of patients with BrS develop AF.1,37-45  
AF can be the first manifestation of BrS with high incidence of 
embolic events. BrS patients with AF demonstrated 13.9% car-
dioembolic stroke after a mean follow-up period of 11 years, 
despite low CHA2DS2VASc scores.46

BrS should be excluded by drug challenge in young individu-
als with atrial flutter or AF and a normal heart and normal ECG  
because administration of antiarrhythmic drugs such as class I 
group can lead to VF and sudden death in this patient popula-
tion. The presence of AF in BrS is associated with a malignant 
course, with a higher incidence of ventricular arrhythmias and 
inappropriate shocks in patients with implantable cardioverter 
defibrillators (ICD).40

Antiarrhythmic drugs effective in preventing malignant arrh-
ythmias in BrS such as quinidine might also be used for AF in 
BrS.44 Medical management of AF is challenging in BrS. Invasive 
treatment with pulmonary vein isolation is an attractive treat-
ment option. Recent studies demonstrate favorable outcomes 
with reduced recurrence of atrial arrhythmias and elimination of 
inappropriate ICD interventions.48,49

Long QT syndrome (LQTS) is a genetic disease characterized 
by prolonged QT interval, ventricular tachyarrhythmias, and 
SCD. Type 3 (LQT3) accounts for 7-10% of all LQTS subje-
cts.50 Interestingly, some family members may display the ECG 
pattern of LQT3, while others display the pattern of BrS.51,52 This 
discordant intrafamily phenotype with LQT3 and BrS phenotypes 
in the same family was also reported in other SCN5A mutations.53

BrS and epilepsy may overlap. SCN5A mutations may confer sus-
ceptibility for recurrent seizure activity, supporting the concept 
of a genetically determined cardiocerebral channelopathy.54,55

Risk Stratification

Identification and treatment of individuals at high risk for SCD 
is the main objective in patients with BrS. Several clinical vari-
ables have been demonstrated to predict a worse outcome in 
BrS. Previous cardiac arrest, syncope, spontaneous type 1 ECG 
at baseline, and male gender have consistently shown to be 
related to cardiac events in follow-up.56-58 A previous cardiac 
arrest is a risk marker for future events with 17-62% recurrence 
of arrhythmic event within 48 and 84 months. Syncope identifies 
patients with a high risk for events (6-19% in 24-39 months). 
Spontaneous type 1 ECG is a predictor of ventricular arrhythmias 
in the largest BrS patient population published to date58 (hazard 
ratio, 1.8; 95% CI, 1.03-3.33; P = .04). Male sex has consistently 
shown a trend to more arrhythmic events in several studies and 
has even been defined as an independent predictor for a worse 
outcome in a meta-analysis.59

Spontaneous AF, which can appear in 10-53% of cases, has 
been shown to have prognostic significance, and spontaneous 
AF was associated with higher incidence of syncopal episodes 
(60.0% vs. 22.2%, P < .03) and documented VF (40.0% vs. 
14.3%, P < .05).60

The issue of risk stratification of asymptomatic or only drug-in-
duced (absence of spontaneous type I ECG) BrS patients remains 
controversial.61 Recently, Sieira  et  al62 showed that arrhythmic 
events in asymptomatic BrS patients are not insignificant (0.5% 
annual incidence rate), and inducibility of ventricular arrhyth-
mias, spontaneous type I ECG, and presence of sinoatrial node 
dysfunction are major risk factors. A recently published meta-a-
nalysis also showed that asymptomatic subjects with either a 
spontaneous diagnostic ECG pattern or inducible ventricular arr-
hythmias on programmed ventricular stimulation are at increa-
sed risk.63

The risk of lethal or near-lethal arrhythmic episodes among 
previously asymptomatic patients with BrS varies among diffe-
rent series: 8% at 33 ± 39 months of follow-up reported by 
Brugada  et  al64; 6% at 34 ± 44 months by Priori  et  al.65 1% 
after 40 ± 50 months and 30 ± 21 months of follow-up by 
Eckardt  et  al66 and Giustetto  et  al,67 respectively; and finally, 
Probst et al58 reported a 1.5% rate at 31 months of follow-up. 

Although large registries agree that inducible ventricu-
lar arrhythmias at electrophysiological study (EPS) are most 
frequent among BrS patients with previous sudden death or 
syncope,64 there is no consensus on the value of the EPS in pre-
dicting outcome. Brugada et al64 found that inducibility during 
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EPS is an independent predictor for cardiac events, and Giustetto 
et al67 stressed the negative predictive value (none of the patients 
with a negative EPS developed arrhythmic events vs. 15% of 
patients with a positive EPS result during 30 ± 21 months of 
follow-up); however, the other registries failed to demonstrate 
this association.59 The largest series of BrS patients published so 
far found that inducibility of sustained ventricular arrhythmias 
was significantly associated with a shorter time to first arrhyt-
hmic event in univariate analysis, however, not in multivariable 
analysis.58 A single-center study shows the results of a cohort 
of 96 BrS patients with various clinical presentations and who 
had inducible VF using an aggressive programmed ventricular 
stimulation protocol. The authors reported an excellent prote-
ctive effect of class 1 anti arrhythmic drugs (AAD) (mainly qui-
nidine) during EP testing and an excellent clinical outcome in 
drug-treated patients.68 In addition, Sieira and colleagues publis-
hed a series of 403 BrS cases. The authors concluded that prog-
rammed ventricular stimulation was a good predictor of outcome 
in individuals with BrS. Programmed stimulation might be of spe-
cial value to guide management in asymptomatic individuals in 
whom non-inducibility has a very high negative predictive value 
for future arrhythmic events.69 European SCD guidelines does not 
recommend routine use of EP testing but state that if inducible 
ventricular arrhythmia is present, ICD may be considered.12

A family history of sudden death or the presence of an 
SCN5A mutation has not been proven to be risk marker in 
any of the large studies.59 However, the presence of muta-
tions leading to a truncated protein, or the presence of some 
polymorphisms in SCN5A, might have some prognostic impli-
cations.70 Meregalli  et  al70 showed a significantly higher rate 
of syncope among patients carrying SCN5A truncation muta-
tions (caused by a premature stop codon), but they could not 
demonstrate a higher rate of serious arrhythmic events (SCD 
or VF) in those patients with mutations encoding nonfunctio-
nal Na+ channels. In a recent study conducted for the valida-
tion of Shanghai scoring system in the diagnosis of BrS, patients 
with a positive genetic test had slightly higher risk for ventricular 
arrhtymias.71

In summary, symptomatic patients, sudden death survivors, 
patients with syncope, and males are at higher ventricular arrh-
ythmia risk. Unfortunately, asymptomatic patients may also die 
suddenly. Thus, at present, the biggest challenge is the detection 
of these few asymptomatic patients who will develop symp-
toms. In asymptomatic patients with BrS, EP testing and some 
other noninvasive markers may be of value for risk stratification. 

Presence of QRS fragmentation, ST-segment elevation during 
the recovery phase of exercise test, early repolarization pattern 
in inferolateral leads, late potentials with signal-averaged ECG, 
S wave width >80 milliseconds in lead V1, a corrected QT inter-
val > 460 in lead V2, aVR sign (R wave > 0.3 mV or R/q > 0.75 in 
lead aVR), and prolonged QRS in precordial leads have been shown 
to be markers of ventricular arrhythmia risk.72-75

Shanghai Score System is validated for the diagnosis and risk 
stratification of BrS patients, but we should keep in mind that 
it was developed only as a diagnostic tool. Parameters for the 
proposed system are demonstrated in Table 3. Patients are divi-
ded into 3 groups as >3.5 points: probable and/or definite BrS; 

2-3 points: possible BrS; <2 points: nondiagnostic. Definite BrS 
patients with 3.5 points had a moderate risk for VT/VF, patients 
with 4-5 points were at high risk, and patients with 5.5 points 
were in the highest risk. In nondiagnostic group, no arrhythmic 
events were observed. Patients with positive genetic test results 
were at a slightly higher risk.71

Therapeutic options for Brugada syndrome
Lifestyle changes with education, ICD implantation, quinidine, 
and catheter ablation are proven effective therapies for the pre-
vention of SCD in BrS patients.

All BrS patients should be informed of the conditions, medicati-
ons, and substances that might induce ventricular arrhythmias. 
Fever should be managed aggressively, and competitive endu-
rance sports should be restricted. Following implantation of an 
ICD, resumption of leisure or competitive sports should be con-
sidered after shared decision making in individuals who have not 
experienced recurrent arrhythmias over 3 months after ICD imp-
lantation.76 Contraindicated medications and substances (coca-
ine, excessive alcohol, etc.) should be avoided.

The risk of cardiac events in asymptomatic BrS patients is 
low,58,59,77-79 but in a long follow-up (5 years) of asymptomatic 
BrS with ICDs, nearly 6% had appropriate shocks, and in contrast, 
almost half (48%) of the BrS patients with prior-aborted SCD 
had appropriate shocks.46 On the other side, inappropriate shocks 
(23%), lead failure (15.9%), and device infection (2.4%) were 
quiet frequent complications.46 Incidence of inappropriate sho-
cks is significantly lower using an integrated bipolar lead system 
than when using a dedicated bipolar lead system, and hence, the 
latter should be routinely used in BrS cases.80

Table 3.  Shangai Scoring System
Parameter� Point
1.	ECG

a.	Spontaneous type� 13.5

b.	Fever-induced type� 13

c.	Drug-induced Type� 12

2.	Clinical history

a.	Unexplained cardiac arrest, documented VT, VF� 3

b.	Nocturnal agonal respiration� 2

c.	Suspected arrhythmic syncope� 2

d.	Syncope of unclear etiology� 1

e.	Atrial flutter/fibrillation under 30 years age� 0.5

3.	Family history

a.	First of second degree relative with definite BrS diagnosis� 2

b.	Suspicious SCD (fever, nocturnal, drug) in first of second 
degree relative� 1

c.	Unexplained SCD < 45 years in in first of second-degree 
relative� 0.5

4.	Genetic testing

a.	Probable pathogenic mutation� 0.5

BrS, Brugada syndrome; ECG, electrocardiogram; SCD, sudden cardiac death; 
VF, ventricular fibrillation.
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In patients with BrS with spontaneous type 1 Brugada ECG pat-
tern and cardiac arrest, sustained VA or a recent history of syn-
cope presumed due to VA, an ICD is recommended if meaningful 
survival of greater than 1 year is expected.81

In patients with asymptomatic BrS and a spontaneous type 
1 Brugada ECG pattern, an EPS with programmed ventricular  
stimulation using single and double extra stimuli may be consi-
dered for further risk stratification.81

Drugs that inhibit the Ito current or increase the Na+ and Ca2+ 
currents have been tested in BrS. Isoproterenol (which increases 
the Ica L current) has proved to be useful for the treatment of 
electrical storm in BrS.82

Quinidine, a class Ia AAD with Ito and I-Kr blocker effects, has 
been shown to prevent induction of VF and suppress sponta-
neous ventricular arrhythmias in observational studies,68 being 
currently used in patients with ICD and multiple shocks, cases in 
which ICD implantation is contraindicated, or for the treatment 
of supraventricular arrhythmias, but side effects of quinidine 
occur in up to 37% of patients which makes routine clinical use 
impossible. 

Unfortunately, in SABRUS registry, quinidine was ineffective to 
prevent recurrent arrhythmic events and cannot be considered 
as an alternative to the ICD.83

Nademanee et al84 presented the first series showing that the 
RVOT ablation can prevent VF inducibility in a high-risk popula-
tion. A study focused on epicardial ablation has been published 
showing an apparent elimination of the BrS phenotype.85

Ablation of epicardial late activation areas in the right ventricle 
outflow tract can suppress recurrent VA as shown in small stu-
dies.84-87 In these studies, type 1 Brugada pattern on ECG may be 
eliminated in >75% of patients, and recurrences of VT/VF are 
markedly reduced.84,86 Nowadays, catheter ablation of right vent-
ricle outflow tract epicardium is recommended only in patients 
with BrS experiencing recurrent ICD shocks for polymorphic VT 
and who either are not candidates for or decline an ICD.81

Structural changes in Brugada syndrome

BrS patients with ventricular arrhythmias show subtle epicar-
dial and interstitial fibrosis and conduction delay in the RVOT 
epicardium.88,89

Autopsy studies of SCD patients with a family history of BrS 
demonstrated increased collagen in all ventricular walls, when 
compared with controls,89 and also epicardial and intersti-
tial fibrosis and reduced gap junction expressions in the RVOT. 
Corrado et al90 demonstrated that 12 of 13 (92%) SCD victims 
with Brugada ECG pattern had arrhythmogenic cardiomyopathy 
(AC) features like fibrofatty infiltration of the right ventricle, sug-
gesting a BrS-AC overlapping syndrome. As previously thought, 
BrS may not be an isolated electrical ionic dysfunction because 
of the presence of subtle structural changes in the right ventri-
cular epicardium.

Conclusions and the Future

BrS is a rare genetic disease with typical ECG findings and SCD.  
BrS is one of the most common reasons for SCD (4-12%). 

Despite all the advances, risk stratification of BrS patients still 
remains as a challenge for clinicians. ICD implantation is the 
most common therapy for high-risk patients. Quinidine and 
RVOT epicardial ablation are possible alternative treatments in 
patients with recurrent VA.

Research in stem cells has been incorporated into the cardiac 
arrhythmia field. The human iPS cells from patients diagnosed 
with LQTS can differentiate to cardiomyocytes, allowing ele-
ctrophysiological and molecular improvement of arrhythmic 
mechanisms.91,92 However, BrS has not yet benefited from these 
advances.

The only genetic model of the BrS to date is the SCN5A knockout 
mouse. The heterozygous SCN5A null allele results in impaired 
AV conduction, delayed intramyocardial conduction, increased 
ventricular refractoriness, and ventricular tachycardia.93 Use of 
animal models in the future will address the role of genetic and 
environmental modifiers on cardiac electrical activity. Altogether, 
there is still a long way to go toward the future of cardiac diseases 
associated with SCD, supporting the need to use the new emer-
ging tools in the field of biomedicine.
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