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Abstract
The Brugada syndrome is an autosomal dominant disease with incomplete penetrance that may cause
syncope and sudden cardiac death in young individuals with a normal heart. It is characterized by an
electrocardiographic pattern of complete or incomplete right bundle branch block and ST segment
elevation in leads V1–V3. One of the genes linked to this syndrome is SCN5A, the gene encoding
for the cardiac sodium channel. Mutations in SCN5A cause a functional reduction in the availability
of cardiac sodium current in Brugada syndrome. However, only 20–25% of patients affected by this
syndrome have mutations on this gene. A novel gene locus on chromosome 3, distinct from SCN5A,
has been identified recently. The relative male preponderance of the phenotype, despite equal
inheritance of the gene in males and females, has led to the speculation of a role for testosterone in
the phenotype. The disease could manifest at first time as cardiac arrest without any previous
symptom, and the electrocardiographic pattern could be intermittent, requiring a pharmacological
challenge with Class I antiarrhythmic drugs to unmask ST elevation. Several conditions producing
Brugada-like electrocardiographic patterns should be borne in mind and excluded while making a
diagnosis of the Brugada syndrome. The management is difficult as pharmacological agents are not
universally effective. The mode of treatment recommended by the majority of cardiac
electrophysiologists is the implantation of a cardioverter defibrillator. Symptomatic patients with
inducible ventricular arrhythmias and a positive family history should be considered for prophylactic
implantation of a cardioverter defibrillator.
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1. Introduction
Ever since its description in 1992 by Brugada and Brugada [1], the literature on the Brugada
syndrome has been growing exponentially. The syndrome is characterised by ST segment
elevation in the right precordial leads and a high incidence of sudden death in individuals with
structurally normal heart. The disease is recognized worldwide, although the prevalence seems
much higher in some areas. Prevalence ranging from 5 to 66 per 10,000 has been reported
[2].

2. Electrocardiographic features
Fig. 1 [3] illustrates the typical electrocardiographic (ECG) features of the Brugada syndrome
as described in the 1992 article [1]. The accentuated J wave, ST segment elevation, and negative
T wave in the precordial leads V1 to V3 are the typical features. The accentuated J wave
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simulates an R' and gives the appearance of right bundle branch block. The R' in Brugada
syndrome is thought to be due to early repolarisation of the right ventricular epicardium rather
than the right bundle branch block [4]. This classical pattern has been recently designated as
Type 1 [2]. A high take off ST segment elevation with upward concavity and positive or
biphasic T wave resulting in a saddleback configuration has been designated as Type 2. Type
3 is a right precordial ST segment elevation of <1 mm of saddleback-type, coved-type, or both.
The ECG changes can be dynamic, with the same patient manifesting all the three types at
various points of time. The arrhythmogenic substrate is believed to be due to a shift in the
balance of current, which leads to the loss of the action potential dome at some epicardial sites
but not at others. Loss of the action potential dome in the epicardium, but not in endocardium,
leads to the development of a marked transmural dispersion of repolarization and
refractoriness. Conduction of the action potential dome from sites at which it is maintained to
sites at which it is lost causes local reexcitation via a phase 2 reentry mechanism. This results
in a very closely coupled extrasystole, which captures the vulnerable window across the wall
and triggers a circus movement reentry in the form of ventricular tachycardia or ventricular
fibrillation [5]. Recurrent ventricular tachyarrhythmias attending the Brugada syndrome is
often referred to as an “Electrical Storm”, though this is not specific to the syndrome.

Arrhythmias and sudden death in the Brugada syndrome generally occur during sleep or at rest
and are commonly associated with bradycardia as an initiating situation [6]. Although life-
threatening ventricular arrhythmias are the usual feature in the Brugada syndrome, a novel
association with supraventricular tachyarrhythmias has also been described [7].

3. Unmasking of Brugada syndrome
The electrocardiographic manifestations of the Brugada syndrome are dynamic, and the extent
of ST elevation is variable. Findings may be unmasked by potent sodium channel-blocking
drugs like flecainide, ajmaline, procainamide, disopyramide, propafenone and pilsicainide
[8]. A recent study showed 100% reproducibility for the flecainide challenge test. At the same
time, the occurrence of major ventricular arrhythmias even in asymptomatic individuals
mandate that this test be done under close medical supervision [9]. Accelerated inactivation of
the sodium channel seen in the Brugada syndrome can be temperature-sensitive [10]. Several
cases of fever-induced Brugada syndrome have been reported [11-13]. Some of these cases
only displayed the abnormal ECG pattern, whereas others displayed both an abnormal ECG
and ventricular tachyarrhythmia.

4. Genetic defects
A defect in the alpha subunit of the cardiac sodium channel gene SCN5A was first reported by
Chen et al. [14] in 1998. Numerous SCN5A mutations have been identified since [15,16]. The
syndrome has an autosomal dominant mode of inheritance with low penetrance. SCN5A
mutations accounts for only 20–30% of the Brugada cases [17]. A novel gene locus on
chromosome 3, distinct from SCN5A, has been identified recently [18]. Although males and
females inherit the defective gene equally, the phenotypic manifestation is 8–10 times more
common in males. Two interesting cases of the normalization of the ST segment elevation
following castration in patients with the Brugada syndrome have been reported recently [19].
This suggests a possible association between manifestation of the Brugada ECG pattern and
testosterone, thus explaining the male preponderance.

5. Acquired Brugada syndrome
Acquired forms of the Brugada syndrome are gradually coming into view. Like the long QT
syndrome, many cases of acquired forms of the syndrome may have a genetic predisposition.
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Among sodium channel blockers, the ability of a drug to precipitate the Brugada syndrome is
related to the drug's rate of dissociation from the sodium channel [20]. Class IC antiarrhythmic
agents (flecainide, pilsicainide, propafe-none) are most effective due to their slow dissociation,
whereas Class IA antiarrhythmic drugs (procainamide, disopyramide, cibenzoline), which
dissociate more rapidly, are less effective in elevating the ST segment and inducing VT/VF.
Class IB drugs (mexiletine, lidocaine) have little or no effect due to their rapid dissociation
from the sodium channel.

Psychotropic drugs, including tricyclic antidepressants (amitriptyline, nortriptyline,
desipramine, clomipramine) and tetracyclic antidepressants (maprotiline), phenothiazine
(perphenazine, cyamemazine), and selective serotonin reuptake inhibitors (fluoxetine), have
been reported to produce a Brugada-like ST segment elevation, most likely secondary to potent
INa inhibition following overdosage [21]. A sedating, first-generation histaminic H1 receptor
antagonist (dimenhydrinate; [22]) and cocaine [23] intoxication are also reported to cause the
electrocardiographic sign of the Brugada syndrome.

A number of other conditions are able to induce a Brugada-like syndrome. Electrolyte
abnormalities, such as hyperkalemia and hypercalcemia, have been associated with ST segment
elevation in the right precordial leads. Local pressure applied to the right ventricular wall as
in the case of a mediastinal tumor has also been reported to induce an ECG pattern similar to
the Brugada syndrome [24]. This ECG pattern disappears after tumor removal, suggesting that
it is caused by compression of the right ventricular outflow tract [24]. Another case of
pericardial fluid compressing the right ventricle with Brugada-like ECG pattern was reported
in a patient with rheumatoid arthritis [25]. The ECG normalized after surgery to correct the
hemopericardium. Nakazato et al. [26] recently described compression of the right ventricular
outflow tract by an infective mass causing a Brugada-like ST elevation, which resolved
following antibiotic therapy. The ability of local pressure to give rise to an ST segment
elevation has also been demonstrated experimentally in the arterially perfused right ventricular
wedge preparation by Antzelevitch and Dumaine [27]. Hypothermia leads to the accentuation
of Osborn or J waves in the inferior leads [28] and can lead to VT/VF [29]. ECG changes
consistent with the Brugada syndrome has been noted during influenza virus infection [30].
The ECG pattern changed after 1 week to one of early repolarization in V1 and V2. The authors
suggested an association between Brugada syndrome and viral infection.

6. QT interval prolongation in the Brugada syndrome
The congenital long-QT syndrome (LQT3) and the Brugada syndrome are two distinct, life-
threatening rhythm disorders linked to autosomal dominant mutations in SCN5A, the gene
encoding the human cardiac Na(+) channel. QT-interval prolongation in the right precordial
leads has been reported in the Brugada syndrome recently [31]. This observation was noted
following the administration of flecainide. No change was noted in the left precordial leads.

7. Brugada-like ECG pattern
Several cases of ECG pattern resembling the Brugada syndrome have been reported in the
literature. One of the most recent reports (in this journal) was a Brugada-type ECG with
polymorphic ventricular tachycardia in a patient with isolated right ventricular infarction
[32].

Sudden cardiac death with left main coronary artery occlusion in a patient whose presenting
ECG suggested that the Brugada syndrome has been reported recently [33]. This patient who
died suddenly during Holter ECG monitoring had a ventricular premature systole with an
extremely short coupling interval followed by torsades de pointes, soon degenerating into
ventricular fibrillation. Retrospective survey of the patient's medical records revealed ECG

Francis and Antzelevitch Page 3

Int J Cardiol. Author manuscript; available in PMC 2006 June 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



findings suggesting the Brugada syndrome. Complete thrombotic occlusion of the left main
coronary artery was seen at the autopsy.

Electrocardiographic pattern suggestive of the Brugada syndrome has also been reported in
individuals with pectus excavatum [34]. It was hypothesised that the chronic injury to the right
ventricle by the thoracic deformity was causative.

Patients with arrhythmogenic right ventricular cardiomyopathy (ARVC) may also display
electrocardiographic features of the Brugada syndrome. Some workers have suggested that this
phenotype is an early manifestation of the ARVC. But these two disorders are genetically
distinct entities [8].

8. Exercise testing
The response to exercise of the ST elevation in the Brugada syndrome is variable. ST elevation
normalising during exercise [35,36], as well as worsening with exercise, has been described
[37,38]. Samniah et al. [39] made another interesting observation in a patient with a history of
recurrent postexertion lightheadedness and near syncopal spells in the setting of a family
history of unexplained sudden cardiac death. ECG and pharmacological stress test findings
were suggestive of the Brugada syndrome. Exercise stress test reproduced the patient's usual
symptoms during the recovery period and was consistent with a typical vasovagal faint. The
patient was treated with midodrine and remained symptom-free during the 16-month follow-
up period.

Strenuous exercise may increase body core temperature sufficient to unmask the Brugada
syndrome in some patients, although no demonstration of this has been reported.

9. Heart rate variability
Hermida et al. [40] found that decreased nocturnal standard deviation of averaged normal–
normal intervals (SDANN) was an independent marker to identify patients at risk of arrhythmic
events in the Brugada syndrome. Krittayaphong et al. [41] noted low heart rate variability at
night, which may predispose to the occurrence of ventricular fibrillation. Spectral analysis of
the heart rate variability has demonstrated increased sympathetic activity followed by attacks
of ventricular fibrillation [42].

10. Determinants of sudden cardiac death
It is generally agreed that patients with the Brugada syndrome who were resuscitated from an
episode of ventricular fibrillation are at high risk for recurrence. The prognosis and therapeutic
approach in patients with a diagnostic ECG but without a previous history of sudden cardiac
death is controversial. The inducibility of a sustained ventricular arrhythmia on programmed
stimulation (P<0.0001) and a history of syncope (P<0.01) have been noted as predictors of
events in a large study of this subset, which was recently published by the Brugada et al.
[43]. In this study of 547 patients, 128 had suffered from at least one episode of syncope. During
programmed ventricular stimulation, a sustained ventricular arrhythmia was induced in 163 of
408 patients. During a mean follow-up of 24+/−32 months, 45 patients (8%) suffered sudden
death or documented ventricular fibrillation. They found a 27.2% probability of an event by
logistic regression analysis in a patient with a spontaneously abnormal ECG, a previous history
of syncope, and inducible sustained ventricular arrhythmias. Hence, inducibility of ventricular
arrhythmias and a previous history of syncope are markers of a poor prognosis in the Brugada
syndrome. Symptomatic patients require protective treatment even when they are not inducible.
Asymptomatic patients can be reassured if they are noninducible.
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11. Therapeutic options
Although implantation of an implantable cardioverter defibrillator (ICD) is viewed universally
as the “gold standard” therapy for patients with recurrent ventricular fibrillation, various
therapeutic options have been tried in the Brugada syndrome for the prevention of sudden
cardiac death. Tsuchiya [44] has detailed the role of pharmacological therapy in a recent review
article. Belhassen et al. [45] used electrophysiologic-guided therapy with orally administered
Class IA agents (mainly quinidine) with good results. Similar results were reported by Suzuki
et al. [46]. Yan and Antzelevitch [5], in their in vitro study, showed that the blockade of the
transient outward current (Ito) with quinidine restored the action potential dome, normalized
the ST segment, and prevented ventricular tachycardia/fibrillation.

Tedisamil and isoproterenol have been shown to normalize the ST elevation in the Brugada
syndrome [47,48]. Phosphodiesterase III inhibitor cilostazol has also been reported to be useful
recently [49]. But long-term efficacy in preventing sudden death is yet to be demonstrated.
Implantation of a cardioverter defibrillator remains the ideal modality of treatment for the
prevention of sudden death in patients at high risk. The ACC/AHA/NASPE 2002 guideline
update for the implantation of cardiac pacemakers and antiarrhythmia devices has included
Class IIb indication for ICD implantation in patients with the Brugada syndrome and syncope
or family history of sudden cardiac death [50]. The Task Force on Sudden Cardiac Death of
the European Society of Cardiology has recommended ICD implantation in survivors of cardiac
arrest (Class I). Prophylactic use of ICD in patients with syncope/VT has been designated Class
I and the use in asymptomatic patients inducible with programmed electrical stimulation as
Class IIb [51]. Supportive pharmacological therapy may have a role in reducing the number
of defibrillator discharges, thereby increasing the longevity of the device. An excellent editorial
published by Belhassen et al. [52] has discussed the relative importance of ICD and
pharmacological therapy. They call upon investigators to reconfirm the results of
pharmacotherapy via randomised control trials designed to compare the different modalities
of the treatment.

12. Limitations in knowledge of natural history
There has been some lack of uniformity in the diagnostic criteria, and a true consensus is yet
to be arrived at. Therapeutic approaches have also varied, and the follow-up periods have been
limited. Studies with extended follow-up of 10 years or more are required before drawing
conclusions on the natural history and response to therapy [15].
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Fig. 1.
The typical electrocardiogram of a patient with the Brugada syndrome. The accentuated J wave,
ST segment elevation, and negative T wave in the precordial leads V1 to V3 are seen
(reproduced with permission from Brugada et al. [3]).
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