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The Brugada syndrome is an inherited disorder associated with risk of ventricular fibrillation and sudden cardiac death in a

structurally normal heart. Diagnosis is based on a characteristic electrocardiographic pattern (coved type ST-segment

elevation $2 mm followed by a negative T-wave in $1 of the right precordial leads V1 to V2), observed either sponta-

neously or during a sodium-channel blocker test. The prevalence varies among regions and ethnicities, affecting mostly

males. The risk stratification and management of patients, principally asymptomatic, still remains challenging. The

current main therapy is an implantable cardioverter-defibrillator, but radiofrequency catheter ablation has been recently

reported as an effective new treatment. Since its first description in 1992, continuous achievements have expanded our

understanding of the genetics basis and electrophysiological mechanisms underlying the disease. Currently, despite

several genes identified, SCN5A has attracted most attention, and in approximately 30% of patients, a genetic

variant may be implicated in causation after a comprehensive analysis. (J Am Coll Cardiol 2018;72:1046–59)

© 2018 by the American College of Cardiology Foundation.
I n 1992, a report was published concerning 8 indi-
viduals resuscitated from sudden cardiac death
(SCD) caused by documented ventricular fibrilla-

tion (VF). These individuals had a characteristic ST-
segment elevation in the right precordial leads of
the electrocardiogram (ECG) in a structurally normal
heart (1). This disease was known as “right bundle
branch block, persistent ST-segment elevation, and
sudden death syndrome” until 1996, when this new
arrhythmogenic entity was named Brugada syndrome
(BrS) for the first time (2). Several years before, the
ST-segment elevation was previously reported in
acute severe myocardial ischemia cases leading to
SCD (3). In 1997, BrS was recognized as the same
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entity as sudden unexplained nocturnal death syn-
drome (4), first described in 1917 in the Philippines
(5). Bangungut refers to sudden deaths in apparently
healthy young males that took place at night during
sleep, and autopsy revealed no pathological evidence
to explain the cause of the death. The same disease is
called Lai Tai in Thailand, Pokkuri Death Syndrome in
Japan, Dolyeonsa in Korea, Dream Disease in Hawaii,
or Sudden manhood death syndrome in China. Nowa-
days it is well-known that sudden unexplained
nocturnal death syndrome is an entity highly preva-
lent in Southeast Asian ethnic groups. It was consid-
ered a familial disease due to the presence of
syncope and/or sudden deaths in several relatives of
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AB BR E V I A T I O N S

AND ACRONYM S

BrS = Brugada syndrome

ECG = electrocardiogram

ICD = implantable

cardioverter-defibrillator

PVT = polymorphic ventricular

tachycardia

RV = right ventricle/ventricular

SCD = sudden cardiac death

VF = ventricular fibrillation
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a same family, but the first genetic alteration was not
identified until 1998 (6). In the last 25 years, there has
been progressive understanding of the genetic basis
and cellular electrophysiological mechanisms of BrS,
as well as the clinical diagnostic and treatment ap-
proaches. However, several areas remain to be clari-
fied. This review will primarily focus on clinical
identification, evaluation, and management of pa-
tients with BrS and the genetic basis.

DEFINITION

Current guidelines for the management of patients
with ventricular arrhythmias and the prevention of
SCD define this entity as a syndrome. The diagnosis of
BrS is based on an ECG showing an ST-segment
elevation with type 1 morphology $2 mm in 1 or
more leads among the right precordial leads V1 and/or
V2 positioned in the second, third, or fourth inter-
costal space, occurring either spontaneously or after
provocative drug test with intravenous administra-
tion of sodium-channel blockers (such as ajmaline,
flecainide, procainamide, or pilsicainide). The pres-
ence of all other known causes of ST-segment eleva-
tion in right precordial leads (known as phenocopies)
should be excluded before making the diagnosis of
BrS (7). BrS shows age- and sex-related penetrance,
and incomplete penetrance and variable expressivity
are hallmarks of this cardiac entity (8).

DISEASE BURDEN

Nowadays, it is difficult to discern the true burden of
BrS due to the unknown real prevalence of asymp-
tomatic patients and the dynamic variability of the
ECG pattern in individuals. Nonetheless, the preva-
lence of BrS is believed to range from 1 in 5,000 to 1 in
2,000. The incidence of BrS pattern on ECG has
ranged from 0.12% to 0.8% in several studies. It has
been considered responsible for 4% to 12% of all
sudden deaths and up to 20% of sudden deaths in
patients with structurally normal hearts, and it is 8 to
10 times more prevalent in men than women. Despite
all of these facts, the current accepted percentages of
sudden death and SCD due to BrS will need to be
updated as more data become available to establish
the real incidence of BrS in unexpected deceases in
different populations (9).

CLINICAL MANIFESTATIONS

SYMPTOMS. Patients with BrS can present with syn-
cope, seizures, and nocturnal agonal breathing due to
polymorphic ventricular tachycardia (PVT) or VF. If
these arrhythmias are sustained, SCD may result.
Syncope or SCD ranges from 17% to 42% (10).
However, this number likely overestimates
the true incidence, because most asymptom-
atic patients are never diagnosed. In fact,
recent accounts report a significantly lower
proportion of SCD as the first symptom
(4.6%) and a lower incidence of recurrent
arrhythmia during follow-up (5%) (11). Due to
the BrS ECG pattern that is now widely
recognized, the denominator of patients
identified has increased to include many
asymptomatic individuals, so that the per-

centage of SCD in the total population of BrS has
decreased.

Lethal arrhythmias usually occur during resting or
sleeping, suggesting an association with bradycardia
or vagal events. There are no data differentiating
between vagal or bradycardia-dependent events, but
the majority of events occur during vagal predomi-
nance, which implies bradycardia at the same time.
Febrile episodes have also been frequently associated
with symptoms (12). Symptoms typically first occur
during adulthood, with a mean age of SCD presenta-
tion of 41 � 15 years, although the onset of first
symptoms can also be in children and aged in-
dividuals (13). Hormonal influences may underlie
these age-related differences, although the mecha-
nism of these differences is poorly understood. Dif-
ferences between sexes are thought to be secondary
to differences in the transmembrane ion current
expression between sexes (14). For example, after
castration in men with prostate cancer, sex-related
BrS ECG differences become minimized (15). In
addition, a higher concentration of testosterone has
been noted in men with BrS. Further, the male pre-
dominance among BrS patients does not occur in
children younger than age 16 years, when testos-
terone levels are low and similar between boys and
girls (16).

RESTING ECG. Following the original description of
BrS, there was much confusion about its ECG char-
acteristics and diagnostic criteria (Central
Illustration). To clarify these ambiguities, an expert
consensus document was published in 2012 estab-
lishing 2 descriptive ECG abnormalities for BrS (17):

� Type 1 (“coved type”) (Figure 1A): This alteration
is the only diagnostic pattern for BrS. It is charac-
terized by an ST-segment elevation $2 mm in $1
right precordial lead (V1 to V3), followed by an rʹ-
wave and a concave or straight ST segment. The
descending ST segment crosses the isoelectric line
and is followed by a negative and symmetric
T-wave.



CENTRAL ILLUSTRATION Main Characteristics of Brugada Syndrome

Brugada, J. et al. J Am Coll Cardiol. 2018;72(9):1046–59.

Knowledge about Brugada syndrome has grown over the last 30 years, from diagnostic criteria (left), to pathophysiological mechanisms (center), and finally, to

management options (right). ICD ¼ implantable cardioverter-defibrillator.
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� Type 2 (“saddle-back type”) (Figure 1B): This ECG
anomaly is only suggestive of BrS. It is character-
ized by an ST-segment elevation $0.5 mm
(generally $2 mm in V2) in $1 right precordial lead
(V1 to V3), followed by a convex ST. The rʹ-wave
may or may not overlap the J point, but it has a
slow downward slope. The ST segment is followed
by a positive T-wave in V2 and is of variable
morphology in V1. To facilitate the differentiation
of type 2 ECGs highly indicative of BrS from other
Brugada-like patterns (such as athletes, pectus
excavatum, and arrhythmogenic cardiomyopathy),
several additional criteria have been suggested.
These criteria utilize the triangle formed by the
ascending and descending branch of the rʹ-wave
(Figure 1C):

B b angle: A cut-off value $58� provided the best
predictive values for conversion to a type 1 BrS
pattern (73% positive and 87% negative values)
(18).

B Length of the base triangle of the rʹ-wave 5 mm
below the maximum rise point: A cutoff value of
4 mm ($4 mm in patients with BrS) demon-
strated 96% specificity and 85% sensitivity (pos-
itive predictive value of 95% and negative
predictive value 88%) for differentiating the BrS
ECG pattern in BrS patients from the ECG pattern
of healthy individuals (19).

B Other criteria: The triangle base duration at the
isoelectric line (>1.5 mm in patients with BrS) and
the relationship between the triangle base at the
isoelectric line and its height (>1.3 in BrS patients)
may be distinguishing ECG patterns in BrS (20).

Frequent variations in the ECG patterns can occur
within a single patient, including the absence of a
classic ECG pattern on a given day (concealed BrS)



FIGURE 2 Electrocardiographic Pattern of Brugada Syndrome Induced By a

Pharmacological Drug

Ajmaline test tounmask thediagnosticBrugada syndromepattern (type 1pattern: coved-type).

FIGURE 1 Electrocardiographic Patterns in Brugada Syndrome

(A) Type 1 Brugada electrocardiogram pattern showing a concave ST-segment elevation $2 mm in $1 right precordial lead, followed by a

negative T-wave. (B) Type 2 Brugada electrocardiogram pattern showing a convex ST-segment elevation $0.5 mm (generally $2 mm) in $1

right precordial lead followed by a positive T-wave. (C) Additional criteria for the diagnosis of Brugada electrocardiogram pattern type 2 (top:

the b angle, described by Chevallier et al. (18); bottom: the length of the base triangle of the rʹ wave 5 mm below the maximum rise point).
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(21). The placement of the right precordial leads in
more cranial positions (in the 3rd or 2nd intercostal
spaces) increases sensitivity in some patients due to
the variable anatomical correlation between the right
ventricular outflow tract and V1 to V2 in the standard
position (22) (Figure 2). The identification of a spon-
taneous type 1 pattern in the higher intercostal spaces
conferred a similar prognosis to individuals with a
type 1 pattern in the standard position of V1 to V2 (23).
Additionally, prolonged ECG monitoring has uncov-
ered spontaneous intermittent type 1 ECG patterns in
20% to 34% of patients with only drug-induced type 1
ECG (24,25).

Prolonged P-wave, PR, or QRS duration are
frequently observed, particularly in patients with an
SCN5A mutation, and sinus node dysfunction may
also occur (26). PR prolongation likely represents an
HV conduction delay. The QT interval is generally
normal, but it can occasionally be slightly prolonged
in the right precordial leads (27). Repolarization ab-
normalities in the inferior and lateral leads have been
reported in up to 11% of patients; these abnormalities
are seemingly related to a more severe phenotype. In
up to 20% of cases, there may be supraventricular
arrhythmias, mainly manifesting as atrial fibrillation,
although AV nodal re-entry and Wolff-Parkinson-
White have also been described in isolated case re-
ports, probably as coincidental findings rather than
genetic association (28,29).

PHARMACOLOGICAL TESTS AND OTHER DIAGNOSTIC

TOOLS. When there is a clinical suspicion of the dis-
ease (syncope, agonal respiration, aborted sudden
death, or only a family history of BrS or a suggestive
but not diagnostic ECG) without a spontaneous
type 1 ECG pattern, a pharmacological test with a
sodium-channel blocking agent should be performed
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to unmask the disease (30). The test must be per-
formed under continuous ECG monitoring, and it is
considered positive when a type 1 ECG pattern is
identified during the infusion (Figure 2). Widening of
the QRS to >130% over the baseline value or the
presence of frequent ventricular premature beats or
more complex ventricular arrhythmias should be a
warning sign to stop administration to avoid ven-
tricular arrhythmias. Intravenous ajmaline and fle-
cainide are the most widely used pharmacological
tests, although in some countries, procainamide is
the only Class I intravenous antiarrhythmic drug
available. In some countries, there are no Class I
intravenous antiarrhythmic drugs available, and oral
doses of flecainide or propafenone are used instead
(31). Continuous monitoring should be maintained
until the ECG reverts to the baseline situation (i.e., no
persistent type 1 pattern or QRS widening >130% is
seen). It is important to remark that nearly 25% of
drug-induced tests might be false-negative (32), and
this should be taken into consideration when, for
instance, a patient experiencing aborted SCD has a
negative flecainide test. A repeated drug test using
ajmaline should be considered whenever possible.

STRUCTURAL CHANGES. The vast majority of BrS
patients have a structurally normal heart, although
several clinical studies have described the presence of
minor structural alterations in both ventricles (33,34).
Further, genetic and immunohistological analyses of
6 forensic samples from BrS family members revealed
tissue- and molecular-level changes, specifically, an
increase in epicardial collagen and fibrosis and a
decrease in gap junction Connexin43 expression,
especially in the right ventricular (RV) outflow tract
area (35). Despite these reports, the role of fibrosis in
BrS is uncertain, and the clinical phenotype
concomitant with cardiac fibrosis remains a matter of
ongoing scientific investigation, although a strong
association has been shown in some genetic studies
(36).

GENETIC BASIS

In 1998, our group identified the first genetic alter-
ation in the SCN5A gene associated with BrS within a
family (6). This gene encodes the alpha subunit of the
cardiac sodium channel Nav1.5. This sodium channel
subunit is responsible for phase 0 of the cardiac ac-
tion potential. Currently, more than 1,000 reports
have subsequently described genetic components of
BrS (PubMed search for “Brugada syndrome” AND
“genetics”). Indeed, more than 500 pathogenic vari-
ations have been associated with BrS so far,
supporting an autosomal dominant pattern of inher-
itance (37). The majority of all pathogenic variants
reported so far are located in SCN5A (Human Gene
Mutation Database), and are responsible for nearly
30% of all cases in which a genes variant is impli-
cated. However, this percentage may be an over-
estimate, as many variants previously classified as
pathogenic may be of ambiguous significance
following recent guidelines of the American College
of Medical Genetics (38).

Several potentially pathogenic variants associated
with BrS have been reported in other genes
(CACNA1C, GPD1L, HEY2, PKP2, RANGRF, SCN10A,
SCN1B, SCN2B, SCN3B, SLMAP, and TRPM4) and all
together may be responsible for 2% to 5% of diag-
nosed cases. Despite this progress in genetic diag-
nosis, nearly 70% of families remain without an
implicated genetic variant (39). In recent years, other
genes have been suggested as potential causes of BrS
(ABCC9, CACNA2D1, CACNB2, FGF12, HCN4, KCND2,
KCND3, KCNE3, KCNE5, KCNH2, KCNJ8, LRRC10, and
SEMA3A), but no comprehensive clinical and cellular
studies have confirmed the association (Figure 3).
Considering all data, current guidelines recommend a
comprehensive genetic analysis of only SCN5A.
Despite these recent advances, results of genetic
screening do not currently influence prognosis or
treatment, but merely document the presence of a
genetic mutation with either probable or possible
cause to explain symptoms in patients with a BrS
ECG (8).
CURRENT CHALLENGES. One of the main challenges
in modern clinical genetics is the interpretation of
genetic alterations and their translation into clinical
practice. The American College of Medical Genetics
has recently published recommendations focused on
classification of genetic variants to clarify their
pathogenic roles (38,40). Yet, despite these guide-
lines, most of the BrS genetic variants remain of un-
known or ambiguous significance, and translation
into clinical practice must be done with caution (41).
The proportion of pathogenic variants associated
with BrS should be further analyzed to clarify the real
percentage of BrS cases associated with each gene.
Family segregation and a comprehensive genotype-
phenotype correlation help to interpret genetic vari-
ation in BrS; however, incomplete penetrance and
variable expressivity exacerbated by the unknown
pathophysiological mechanism induced by each ge-
netic variant clouds their definitive roles. Therefore,
the main role of SCN5A as a cause of pathology has
been questioned (42). To provide insight into the
functional effects of the genetic variants, a novel
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human cellular model using cardiomyocytes (CMs)
has been developed from human induced pluripotent
stem cells (hiPSCs). These patient-specific hiPSC-CMs
are able to incorporate phenotype features of single
cells from a patient in vitro, and allow study of the
electrophysiological properties of myocytes that lead
to characteristic ECG alterations in BrS (43,44).
Although a recent study using hiPSC-CMs from 2 BrS
patients carrying STOP-codon variants in the SCN5A
gene did not show rescue of the electrophysiological
phenotype by the tested compounds, it initiated a
new pharmacological approach in BrS research (45).
Despite these hopeful recent advances, further wide-
ranging cellular studies using hiPSC-CM in BrS should
be performed to clarify their role in potential thera-
peutic approaches.

DIAGNOSTIC CRITERIA

Until 2013, BrS diagnosis required demonstrating the
presence of a type 1 ECG pattern and clinical mani-
festations such as resuscitated SCD, documented
PVT, history of nonvasovagal syncope, and/or family
history of noncoronary SCD age <45 years. However,
because many patients with a type 1 ECG are asymp-
tomatic, the 2013 expert consensus statement pro-
posed the following definition (8): “BrS is diagnosed
when a type 1 ST elevation is observed either spon-
taneously or after intravenous administration of a
sodium channel blocker in at least one right pre-
cordial lead (V1 and V2), placed in a standard or su-
perior position (up to the 2nd intercostal space),”
without requiring any further evidence of malignant
arrhythmias.
DIFFERENTIAL DIAGNOSIS

Before establishing a diagnosis of BrS, other causes of
ST-segment elevation should be excluded. Some
ST-segment elevation may arise from different dis-
eases, whereas others may be induced by an under-
lying genetic predisposition.

An ECG mimicking a BrS type 1 pattern that is
triggered by other factors has been called Brugada
ECG phenocopy (7). Other causes of Brugada pheno-
copies primarily or exclusively affect the RV and, in
particular, the RV outflow tract. These medical ill-
nesses can also result in ECG changes that mimic the
BrS pattern ECG. Examples include RV ischemia,
acute pulmonary embolism, or mechanical compres-
sion of the RV outflow tract. Key findings that support
the suspicion of Brugada phenocopies include the
presence of an identifiable underlying condition,
disappearance of the pattern with resolution of the
condition, absence of family history of sudden death
or type 1 BrS pattern in first-degree relatives, absence
of symptoms such as syncope, seizures or nocturnal
agonal respiration, and a negative sodium channel-
blocker challenge test (46). There are also Brugada-
like ECG patterns with ST-segment abnormalities that
could be interpreted as a type 1 or type 2 BrS ECG.
They are usually associated with additional alter-
ations in other leads that allow a differential diag-
nosis. Further, an ST-segment elevation in V1 to V2 is
not identical to that of BrS. Situations that may pro-
duce a type 1 Brugada-like ECG mostly correspond to
ST-segment elevation secondary to acute ischemia or
occlusion of the left anterior descendent artery.
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Situations that may produce a type 2 Brugada-like
ECG are more common and include right bundle
branch block, left ventricular hypertrophy, pectus
excavatum, and arrhythmogenic cardiomyopathy
(ACM) (47). As in the case of Brugada phenocopies, a
sodium-channel blocker challenge test will usually be
negative.

There are also modulating factors that can unmask
or exacerbate a typical BrS pattern, which may be due
to effects on transmembrane ionic currents (48,49).
Bradycardia and vagal tone may decrease calcium
currents and consequently contribute to ST-segment
elevation and pro-arrhythmia (50). In the case of
drugs, 1 or multiple ionic currents may be affected
(decrease in sodium/calcium currents and/or increase
in potassium currents). Modulating factors play a
major role in the dynamic nature of an ECG and may
be responsible for ST-segment elevation in geneti-
cally predisposed patients. If any of these modulating
factors are present, they should be corrected. Apart
from sodium-channel blockers, many other drugs
have been reported to induce the type 1 BrS ECG
pattern, including propofol, tricyclic antidepressants,
fluoxetine, lithium, trifluoperazine, antihistamines,
and cocaine (51,52). This induction is described as an
“acquired form of BrS.” It remains unknown whether
acquired BrS is due to individual susceptibility
resulting from an increase in latent ion channel
dysfunction (53). For this reason, management during
anesthesia and surgery must provide some pre-
cautions and drug restrictions (54). However, the lack
of studies focused on this point impedes establishing
general rules, and the decision of using each drug
must be made after careful consideration of the risks.
Their use should always be in controlled conditions
and avoiding other factors that are known to have the
potential to induce arrhythmias (55). Premature
inactivation of the sodium channel is accentuated at
higher temperatures in some SCN5A mutations, sug-
gesting that febrile states may unmask certain BrS
patients or temporarily increase the risk of arrhyth-
mias (12). Fever is a particularly important trigger
among pediatric populations (56). Finally, ECG
changes compatible with BrS can appear immediately
after electrical cardioversion, although it is unknown
whether they occur in BrS mutation carriers (57).

RISK STRATIFICATION

Accurate identification and treatment of individuals
at high risk of sudden death are major challenges in
the clinical management of BrS patients. Syncope is
an indisputable risk factor and recognized by all
studies, and between 17% and 62% of BrS patients will
have a new arrhythmic event 48 to 84 months after
diagnosis, which might lead to sudden death (10,58).
Further, most studies agree that the presence of
syncope in combination with a spontaneous type 1
ECG pattern is a robust marker of poor prognosis
during follow-up (6% to 19% of patients will have an
arrhythmic event within 24 to 39 months of follow-
up) (58). Appropriate assessment to rule out purely
vasovagal/neuromediated syncope is recommended,
as these patients do not appear to have an increased
risk of ventricular arrhythmias during follow-up
(59,60).

No clear-cut recommendations have been defined
for risk stratification in asymptomatic patients. Am-
biguity surrounding the severity of the disease in this
group and the value of PVT/VF inducibility to identify
high-risk patients exacerbates the difficulty. The re-
ported annual rate of asymptomatic BrS events has
decreased over time. This change probably reflects an
inherent early referral bias, when particularly severe
forms of the disease were more likely to be diagnosed.
Even among more recent studies, the rate of
arrhythmic events in asymptomatic BrS patients is
not negligible (0.5% to 1.2% annual incidence), lead-
ing to a 12% malignant ventricular arrhythmia rate at
10-year follow-up in a population with a mean age of
40 years (61–63). Nonetheless, an important stratifi-
cation is a fever-induced type 1 ECG, because patients
exhibiting this feature show an intermediate risk for
sudden death (64).

Controversial evidence suggests that symptomatic
patients have more easily induced arrhythmias dur-
ing an electrophysiological study (EPS). The expert
consensus document and the current guidelines for
prevention of sudden death neither encourage nor
discourage EPS for BrS stratification, but simply
state that an implantable cardioverter-defibrillator
(ICD) may be considered in cases of inducible ven-
tricular arrhythmias (8). Our group has traditionally
used EPS for risk stratification in asymptomatic pa-
tients with a spontaneous BrS type 1 ECG pattern.
Using EPS for risk stratification is supported by
several large prospective registries and by a recent
pooled individual patient data analysis that included
8 prospective studies (65). A ventricular refractory
period <200 ms has also been proposed as a pre-
dictor of adverse events in BrS. Women with BrS
typically show more benign clinical features with a
lower percentage of type 1 BrS ECG and a lower
prevalence of symptoms (66). However, events still
occur in women and no appropriate sex-specific risk
predictors exist (62).
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Currently, no conclusive studies published focus on
prognostic value with regard to the genetic analysis.
Interestingly, neither family history of sudden death
nor the presence of an SCN5A mutation have been
identified as risk factors in any of the large series re-
ported to date (67). However, combinations of risk
factors with specific genetic mutations may be pre-
dictive, such as the combination of a SCN5A
mutation with a history of sudden death in a young
first-degree relative (age <35 years) or in specific mu-
tations such as those that result in a truncated Nav1.5
protein (68,69). Conversely, the presence of common
polymorphisms located in SCN5A may counterbalance
some deleterious consequences of pathogenic vari-
ants, resulting in a milder BrS phenotype and sug-
gesting the possibility that polymorphism may be a
useful tool in risk stratification (70,71).

Several noninvasive markers of arrhythmic risk in
BrS have also been suggested; these include the
presence of QRS fragmentation (72), ST-segment
elevation during recovery from exercise, or the
presence of late potentials (73). Atrial fibrillation,
which occurs spontaneously in up to 30% of BrS pa-
tients, has also been associated with poor prognosis.
Likewise, an early repolarization pattern in the infe-
rior and/or lateral leads is associated with an
increased risk of arrhythmic events and may be pre-
sent in 10% to 15% of patients (74,75). A prolonged
T-peak–T-end interval has also been suggested as a
marker of risk in BrS (76–78). Other ECG patterns that
affect risk include the presence of sinus node
dysfunction, prolonged QRS in V2 ($120 ms), a
V6 $90 ms, duration of the S-wave in DI ($0.1 mV
and/or $40 ms), prolonged QTc in V2 (>460 ms), the
“aVR sign” (R-wave $0.3 mV or R/q $0.75 in lead
aVR), presence of the type 1 ECG pattern on limb
leads (79), presence of T-wave alternants (80,81),
augmentation of ST-segment elevation during the
recovery phase of a stress test (82), and the presence
of late potentials assessed by signal-averaged ECG.
However, the latter risk factors are derived from
small observational studies and require validation in
larger series.

MANAGEMENT

To date, treatment options in the BrS have been
limited to ICDs or drugs. However, education and
lifestyle changes for the prevention of arrhythmias
are critical. All BrS patients should be informed of the
various modulators and precipitating factors that
could induce malignant arrhythmias. Fever should be
treated promptly with antipyretics and/or physical
measures. In addition, any contraindicated substance
should be avoided.

Following the recommendations of the interna-
tional consensus and international guidelines for the
prevention of ventricular arrhythmias and SCD, an
ICD should always be implanted in symptomatic pa-
tients (i.e., resuscitated SCD and/or nonvagal syn-
cope, seizures, or nocturnal agonal respiration). In
asymptomatic patients with a spontaneous type 1
pattern, the EPS can be used to assess the need for an
ICD (8). Quinidine, an antiarrhythmic drug with
blocking activity in the Ito and IKr currents, has been
shown to prevent phase II re-entry and VF in in vitro
studies of BrS. Quinidine has rendered patients non-
inducible in 76% to 88% of patients with inducible VF
at baseline EPS (83,84). It has also successfully been
used in certain clinical settings such as arrhythmic
storms or multiple ICD discharges, or as an alternative
to an ICD in children (56). In rare occasions, quinidine
has been observed in a few patients to normalize the
electrocardiogram (85). Unfortunately, quinidine may
have undesirable side effects (thrombocytopenia,
intolerable diarrhea, esophagitis, allergic reaction,
aggravation of sinus node dysfunction, and the po-
tential for QT prolongation and torsade de pointes)
and remains unavailable in regions where BrS is
endemic, such as Southeast Asia (86).

Ablation has been suggested as a possible thera-
peutic option. Initial work in patients with electrical
storm proved to be effective in controlling ventricu-
lar arrhythmias during follow-up in 8 of 9 patients
(87). More recently, identification and elimination of
the arrhythmic electrophysiological substrate (AES)
has been performed to potentially eliminate the ar-
rhythmias seen in BrS (88–90). Some studies have
reported the AES responsible for abnormalities seen
in the ECG to be located in the epicardium of the RV
anterior wall and outflow tract, and in many cases,
catheter ablation of this area resolves the ECG ab-
normalities (91). Identification, characterization, and
treatment of the AES has been shown to be effective
in normalizing the ECG. Furthermore, provocative
drug tests have rendered patients noninducible for
ventricular arrhythmias and prevented spontaneous
arrhythmic events in symptomatic patients. Ajmaline
administration (1 mg/kg in 5 min) has been shown
useful to unmask and determine the location of the
AES, and the extension and size of all abnormal areas
(89) (Figure 4). These abnormal potentials are only
observed when ST-segment elevation is present
either spontaneously or after drug administration
(Figure 5). The nature of these potentials (depolari-
zation abnormalities or repolarization changes) is still



FIGURE 4 Voltage Mapping, Potential Duration Mapping, Activation Mapping of the RV Epicardium, and Electrocardiogram Before and

After RV Epicardial Ablation

Voltage mappings show normal electrocardiogram all along the epicardium before ablation and slight decrease in the voltage of the elec-

trocardiogram after ablation. Potential duration mappings show an area with prolonged potentials before ablation (Pre-RF) normalized after

ablation (Post-RF). Activation mappings are basically normal and identical before and after ablation. Electrocardiogram shows typical type 1

before ablation, and a rounded type ST-segment elevation after ablation with no characteristics electrocardiogram for Brugada syndrome.

RV ¼ right ventricular.
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a matter of debate. The ability to use ajmaline or
other Class I drugs and 3-dimensional electro-
anatomical mapping to ablate and persistently
normalize the ECG pattern and prevent VF induc-
ibility is very promising for the long-term value of
epicardial ablation. However, longer follow-up times
are required before a definitive conclusion can be
made as to its lasting therapeutic potential.

PEDIATRIC AND YOUNG POPULATIONS

Although the first description in 1992 of BrS included
3 pediatric patients, few new cases have been pub-
lished. Therefore, the prevalence and clinical impli-
cations of BrS in children and young populations
remain unclear. In large studies of asymptomatic
children from Japan, a BrS ECG pattern was found in
0.01% to 0.02% (92,93), suggesting that BrS may exist
in children, but becomes clinically unmasked with
increasing age. Despite its low incidence, some rec-
ommendations for children with BrS have been pub-
lished (8).
Current diagnosis in children is based on ECG
patterns similar to adults. Overt disease is rarely re-
ported in children, but malignant conditions such as
SCD and syncope due to documented PVT have been
reported (56,94). One of the main difficulties of the
ECG recording is the optimal positioning of the right
precordial leads. Positioning is especially problematic
in children due to the different shape of the chest in a
growing body. The use of Holter monitors can help
identify overt asymptomatic arrhythmias, and the
treadmill exercise test can unmask chronotropic
incompetence as a sign of conduction system
dysfunction. As noted earlier, the low incidence of
BrS in pre-adolescents suggests the potential impor-
tant role of hormones in BrS (95).

One large study of pediatric BrS patients included
30 cases from 13 European institutions. This study
identified fever as the most important precipitating
factor for arrhythmic events, and, like adult pop-
ulations, the risk of arrhythmic events was higher in
previously symptomatic patients and in those dis-
playing a spontaneous type 1 ECG (96). The data



FIGURE 5 Electrocardiograms in a Brugada Syndrome Patient

Series of electrocardiograms (from left to right) before ablation (Basal), after flecainide test (Flecainide), during radiofrequency application

(RF on), during new flecainide test (Flecainide) and final electrocardiogram (Final). Precordial leads are arranged as follows: V1, V2 are placed

in 2nd intercostal space, V3 and V4 are V1 and V2 placed in 3rd intercostal space, and V5 and V6 are V1 and V2 placed in the 4th intercostal space.
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concur with previous information showing that fever
is a triggering factor for ventricular arrhythmias in BrS
patients and increased temperature may unmask a
BrS ECG pattern (49). Hence, it is recommended that a
12-lead ECG be performed during febrile episodes in
children with a family history of BrS and in all chil-
dren with febrile seizures. There are very limited data
concerning pharmacological tests in BrS children. A
sodium-channel blocker test (ajmaline 1 mg/kg or
flecainide 2 mg/kg treatment over 10 min) should be
performed after onset of puberty in patients with a
family history of BrS. A drug challenge should be
performed if these patients have an abnormal non-
diagnostic ECG or if symptoms such as syncope,
febrile seizures, or palpitations have appeared.

In children, a spontaneous type 1 ECG pattern is
considered diagnostic of BrS, as also occurs in adults
(97). The observation of an age-dependent response
to ajmaline challenge is an intriguing recent finding
that might have relevant clinical implications (98).
When a patient has received a drug challenge before
puberty (symptoms, abnormal ECG), some studies
recommend repeating it after puberty. Regarding
EPS, if used, the electrophysiology protocol is the
same as in adults.

A pharmacological approach in children at risk
using hydroquinidine has been suggested as an
alternative to ICD implantation, but little data are
available to support this approach (99). Indications
for an ICD in children and adolescents remains
challenging, but children presenting with syncope
and with a spontaneous type 1 ECG are clearly at
high risk for SCD, and an ICD should be considered
irrespective of age (56,94). A recent study shows that
ICD therapy is an effective strategy treating poten-
tially lethal arrhythmias. At follow-up, 25% of pa-
tients have had appropriate shocks. The risks
associated with ICDs include device-related compli-
cations and inappropriate shocks (100). Decision-
making in children with BrS is challenging and
should be individualized according to the specific
clinical presentation, family history, and genetic
data. As in adults, risk stratification remains a cur-
rent challenge in the pediatric population. A recent
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study suggests a model of risk prediction using 4
characteristics: SCD or syncope, spontaneous type 1
ECG, sinus node dysfunction and/or atrial tachy-
cardia, and conduction abnormality (101). Additional
studies in large populations of children are needed
to validate this risk model.

AGED POPULATION

In 2005, a consensus conference reported that older
BrS patients with syncope should undergo ICD im-
plantation if life expectancy is at least 6 months (13).
Currently, only a limited number of studies have
focused on clinical features of BrS in aged pop-
ulations. Therefore, the prevalence and long-term
prognosis of individuals with the Brugada ECG
pattern in the geriatric population is unknown, and
the clinical course and prognosis of BrS in the
elderly population remains unclear. One large series
found a benign prognosis for BrS in patients older
than age 70 years (102). Further, a case report
identified an older man who showed a type 1 ECG
pattern after a febrile episode. No previous family
history of sudden death or heart disease was re-
ported, and his basal ECG was normal before and
after the febrile episode (85). In another report, 86%
of the elderly patients evaluated displayed a type 1
BrS pattern in ECGs after ajmaline challenge, sug-
gesting that older patients presented less ventricular
arrhythmias and less family history of SCD. In a
Taiwanese study focused on spontaneous Brugada
ECG patterns in a population age 55 years and older
(103), the prevalence of Brugada ECG patterns was
higher than the global average, mainly due to
endemic expression of BrS in Southeast Asia (104–
106). However, the report also disclosed that the
all-cause mortality and cardiac mortality were not
significantly different between subjects with and
without Brugada ECG patterns, in accordance with a
previous study. Similar to clinical strategies for
children with BrS, decisions in older populations
regarding use of drug-induced tests and device-
guided management should be analyzed on a
case-by-case basis due to sparse data specific to BrS
in aged individuals.

CONCLUSIONS

BrS is a rare genetic entity characterized by a typical
ECG leading to VF and SCD. Despite recent advances,
pathophysiological mechanisms responsible for
incomplete penetrance and variable expressivity
remain to be elucidated. The only gene convincingly
implicated is SCN5A. Recent reclassification of path-
ogenic variants associated with BrS will change the
percentage of patients identified with a clear patho-
logical gene. The distinctive BrS or BrS-like ECG may
be due to a variety of distinctly different underlying
mechanisms. These variables, the asymptomatic and
symptomatic presentations, the unmasking of BrS
only in the setting of specific triggers all lead to the
present uncertainty and difficulty in forming the
correct clinical diagnosis, risk stratification, and
management. Currently, the ICD is the most accepted
therapy to protect patients at risk. Recently, epicar-
dial ablation in selected patients has been used as a
new therapy. Therefore, physicians with expertise
regarding BrS should assess patients with definite or
possible BrS to implement personalized therapies.
Further studies of large cohorts including clinical
assessment and genetic analysis will be essential for
improving the current BrS guidelines.
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Clínic, Universitat de Barcelona, Institut d’Investiga-
cions Biomèdiques August Pi i Sunyer (IDIBAPS),
C/Villarroel 170, 6-3 08036 Barcelona, Spain.
E-mail: jbrugada@clinic.cat. Twitter: @rbrugada,
@josep_brugada, @UniBarcelona.
RE F E RENCE S
1. Brugada P, Brugada J. Right bundle branch
block, persistent ST segment elevation and sud-
den cardiac death: a distinct clinical and electro-
cardiographic syndrome. A multicenter report.
J Am Coll Cardiol 1992;20:1391–6.

2. Miyazaki T, Mitamura H, Miyoshi S, Soejima K,
Aizawa Y, Ogawa S. Autonomic and antiarrhythmic
drug modulation of ST segment elevation in pa-
tients with Brugada syndrome. J Am Coll Cardiol
1996;27:1061–70.

3. Prinzmetal M, Toyoshima H, Ekmekci A,
Nagaya T. Angina pectoris. VI. The nature of ST
segment elevation and other ECG changes in acute
severe myocardial ischaemia. Clin Sci 1962;23:
489–514.

4. Nademanee K, Veerakul G, Nimmannit S, et al.
Arrhythmogenic marker for the sudden unexplained
death syndrome in Thai men. Circulation 1997;96:
2595–600.

5. Guazon M. Algunas notas sobre bangungut.
Revista Filipina de Medicina Y Farmacia 1917;8:
437–42.

6. Chen Q, Kirsch GE, Zhang D, et al. Genetic basis
and molecular mechanism for idiopathic ventricu-
lar fibrillation. Nature 1998;392:293–6.
7. Baranchuk A, Nguyen T, Ryu MH, et al. Brugada
phenocopy: new terminology and proposed clas-
sification. Ann Noninvasive Electrocardiol 2012;17:
299–314.

8. Priori SG, Blomstrom-Lundqvist C. 2015 Euro-
pean Society of Cardiology guidelines for the man-
agement of patients with ventricular arrhythmias
and the prevention of sudden cardiac death sum-
marized by co-chairs. Eur Heart J 2015;36:2757–9.

9. Quan XQ, Li S, Liu R, Zheng K, Wu XF, Tang Q.
A meta-analytic review of prevalence for Brugada
ECG patterns and the risk for death. Medicine
2016;95:e5643.

mailto:jbrugada@clinic.cat
https://twitter.com/rbrugada
https://twitter.com/josep_brugada
https://twitter.com/UniBarcelona
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref1
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref1
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref1
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref1
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref1
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref2
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref2
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref2
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref2
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref2
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref3
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref3
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref3
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref3
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref3
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref4
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref4
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref4
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref4
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref5
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref5
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref5
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref6
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref6
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref6
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref7
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref7
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref7
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref7
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref8
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref8
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref8
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref8
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref8
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref9
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref9
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref9
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref9


J A C C V O L . 7 2 , N O . 9 , 2 0 1 8 Brugada et al.
A U G U S T 2 8 , 2 0 1 8 : 1 0 4 6 – 5 9 Brugada Syndrome

1057
10. Milman A, Andorin A, Gourraud JB, et al. Pro-
file of patients with Brugada syndrome presenting
with their first documented arrhythmic event: data
from the Survey on Arrhythmic Events in BRUgada
Syndrome (SABRUS). Heart Rhythm 2018;15:
716–24.

11. Casado-Arroyo R, Berne P, Rao JY, et al. Long-
term trends in newly diagnosed Brugada syn-
drome: implications for risk stratification. J Am
Coll Cardiol 2016;68:614–23.

12. Michowitz Y, Milman A, Sarquella-Brugada G,
et al. Fever-related arrhythmic events in the
multicenter Survey on Arrhythmic Events in Bru-
gada Syndrome (SABRUS). Heart Rhythm 2018
Apr 9 [E-pub ahead of print].

13. Antzelevitch C, Brugada P, Borggrefe M, et al.
Brugada syndrome: report of the second
consensus conference: endorsed by the Heart
Rhythm Society and the European Heart Rhythm
Association. Circulation 2005;111:659–70.

14. Sieira J, Dendramis G, Brugada P. Pathogenesis
and management of Brugada syndrome. Nat Rev
Cardiol 2016;13:744–56.

15. Matsuo K, Akahoshi M, Seto S, Yano K. Disap-
pearance of the Brugada-type electrocardiogram
after surgical castration: a role for testosterone
and an explanation for the male preponderance.
Pacing Clin Electrophysiol 2003;26:1551–3.

16. Shimizu W, Matsuo K, Kokubo Y, et al. Sex
hormone and gender difference–role of testos-
terone on male predominance in Brugada syn-
drome. J Cardiovasc Electrophysiol 2007;18:
415–21.

17. Bayes de Luna A, Brugada J, Baranchuk A, et al.
Current electrocardiographic criteria for diagnosis
of Brugada pattern: a consensus report.
J Electrocardiol 2012;45:433–42.

18. Chevallier S, Forclaz A, Tenkorang J, et al. New
electrocardiographic criteria for discriminating
between Brugada types 2 and 3 patterns and
incomplete right bundle branch block. J Am Coll
Cardiol 2011;58:2290–8.

19. Serra G, Baranchuk A, Bayes-De-Luna A, et al.
New electrocardiographic criteria to differentiate
the type-2 Brugada pattern from electrocardio-
gram of healthy athletes with r’-wave in leads
V1/V2. Europace 2014;16:1639–45.

20. Serra G, Baranchuk A, Bayes-De-Luna A, et al.
Base of the triangle to determine a Brugada
electrocardiogram pattern. Europace 2015;17:505.

21. Richter S, Sarkozy A, Veltmann C, et al. Vari-
ability of the diagnostic ECG pattern in an ICD
patient population with Brugada syndrome.
J Cardiovasc Electrophysiol 2009;20:69–75.

22. Nagase S, Hiramatsu S, Morita H, et al. Elec-
troanatomical correlation of repolarization abnor-
malities in Brugada syndrome: detection of type 1
electrocardiogram in the right ventricular outflow
tract. J Am Coll Cardiol 2010;56:2143–5.

23. Miyamoto K, Yokokawa M, Tanaka K, et al.
Diagnostic and prognostic value of a type 1 Bru-
gada electrocardiogram at higher (third or second)
V1 to V2 recording in men with Brugada syndrome.
Am J Cardiol 2007;99:53–7.

24. Cerrato N, Giustetto C, Gribaudo E, et al.
Prevalence of type 1 Brugada electrocardiographic
pattern evaluated by twelve-lead twenty-four-
hour Holter monitoring. Am J Cardiol 2015;115:
52–6.

25. Gray B, Kirby A, Kabunga P, et al. Twelve-lead
ambulatory electrocardiographic monitoring in
Brugada syndrome: potential diagnostic and
prognostic implications. Heart Rhythm 2017;14:
866–74.

26. Smits JP, Eckardt L, Probst V, et al. Genotype-
phenotype relationship in Brugada syndrome:
electrocardiographic features differentiate
SCN5A-related patients from non-SCN5A-related
patients. J Am Coll Cardiol 2002;40:350–6.

27. Pitzalis MV, Anaclerio M, Iacoviello M, et al.
QT-interval prolongation in right precordial leads:
an additional electrocardiographic hallmark of
Brugada syndrome. J Am Coll Cardiol 2003;42:
1632–7.

28. Shi S, Liu T, Barajas-Martinez H, et al. Atrial
fibrillation associated with Wolff-Parkinson-White
syndrome in a patient with concomitant Brugada
syndrome. HeartRhythm Case Rep 2017;3:13–7.

29. Kaiser E, Sacilotto L, Darrieux F, Sosa E.
Coexistence of Wolff-Parkinson-White and Bru-
gada syndrome: mere curiosity? Ann Noninvasive
Electrocardiol 2014;19:504–7.

30. Poli S, Toniolo M, Maiani M, et al. Manage-
ment of untreatable ventricular arrhythmias dur-
ing pharmacologic challenges with sodium
channel blockers for suspected Brugada syn-
drome. Europace 2018;20:234–42.

31. Therasse D, Sacher F, Petit B, et al. Sodium-
channel blocker challenge in the familial screening
of Brugada syndrome: safety and predictors of
positivity. Heart Rhythm 2017;14:1442–8.

32. Chauveau S, Le Vavasseur O, Chevalier P.
Delayed diagnosis of Brugada syndrome in a pa-
tient with aborted sudden cardiac death and initial
negative flecainide challenge. Clin Case Rep 2017;
5:2022–4.

33. Frustaci A, Russo MA, Chimenti C. Structural
myocardial abnormalities in asymptomatic family
members with Brugada syndrome and SCN5A gene
mutation. Eur Heart J 2009;30:1763.

34. Catalano O, Antonaci S, Moro G, et al. Mag-
netic resonance investigations in Brugada syn-
drome reveal unexpectedly high rate of structural
abnormalities. Eur Heart J 2009;30:2241–8.

35. Nademanee K, Raju H, de Noronha SV, et al.
Fibrosis, connexin-43, and conduction abnormal-
ities in the Brugada syndrome. J Am Coll Cardiol
2015;66:1976–86.

36. Saffitz JE. Structural heart disease, SCN5A
gene mutations, and Brugada syndrome: a com-
plex menage a trois. Circulation 2005;112:3672–4.

37. Sarquella-Brugada G, Campuzano O, Arbelo E,
Brugada J, Brugada R. Brugada syndrome: clinical
and genetic findings. Genet Med 2016;18:3–12.

38. Richards S, Aziz N, Bale S, et al. Standards and
guidelines for the interpretation of sequence var-
iants: a joint consensus recommendation of the
American College of Medical Genetics and Geno-
mics and the Association for Molecular Pathology.
Genet Med 2015;17:405–24.

39. Kapplinger JD, Tester DJ, Alders M, et al. An
international compendium of mutations in the
SCN5A-encoded cardiac sodium channel in pa-
tients referred for Brugada syndrome genetic
testing. Heart Rhythm 2010;7:33–46.

40. Amendola LM, Jarvik GP, Leo MC, et al. Per-
formance of ACMG-AMP variant-interpretation
guidelines among nine laboratories in the Clinical
Sequencing Exploratory Research Consortium. Am
J Hum Genet 2016;98:1067–76.

41. Starita LM, Ahituv N, Dunham MJ, et al.
Variant interpretation: functional assays to the
rescue. Am J Hum Genet 2017;101:315–25.

42. Probst V, Wilde AA, Barc J, et al. SCN5A mu-
tations and the role of genetic background in the
pathophysiology of Brugada syndrome. Circ Car-
diovasc Genet 2009;2:552–7.

43. Veerman CC, Mengarelli I, Guan K, et al.
hiPSC-derived cardiomyocytes from Brugada syn-
drome patients without identified mutations do
not exhibit clear cellular electrophysiological ab-
normalities. Sci Rep 2016;6:30967.

44. Liang P, Sallam K, Wu H, et al. Patient-specific
and genome-edited induced pluripotent stem cell-
derived cardiomyocytes elucidate single-cell
phenotype of Brugada syndrome. J Am Coll Car-
diol 2016;68:2086–96.

45. Kosmidis G, Veerman CC, Casini S, et al.
Readthrough-promoting drugs gentamicin and
PTC124 fail to rescue Nav1.5 function of human-
induced pluripotent stem cell-derived car-
diomyocytes carrying nonsense mutations in the
sodium channel gene SCN5A. Circ Arrhythm Elec-
trophysiol 2016;9:e004227.

46. Anselm DD, Baranchuk A. Terminological
clarification of Brugada Phenocopy, Brugada Syn-
drome, and the Brugada ECG pattern: re. early
repolarization pattern in patients with provocable
Brugada Phenocopy: a marker of additional
arrhythmogenic cardiomyopathy. Int J Cardiol
2014;171:288.

47. Moncayo-Arlandi J, Brugada R. Unmasking the
molecular link between arrhythmogenic cardio-
myopathy and Brugada syndrome. Nat Rev Cardiol
2017;14:744–56.

48. Postema PG, Neville J, de Jong JS, Romero K,
Wilde AA, Woosley RL. Safe drug use in long QT
syndrome and Brugada syndrome: comparison of
website statistics. Europace 2013;15:1042–9.

49. Dumaine R, Towbin JA, Brugada P, et al. Ionic
mechanisms responsible for the electrocardio-
graphic phenotype of the Brugada syndrome are
temperature dependent. Circ Res 1999;85:803–9.

50. Yan GX, Antzelevitch C. Cellular basis for the
Brugada syndrome and other mechanisms of
arrhythmogenesis associated with ST-segment
elevation. Circulation 1999;100:1660–6.

51. Junttila MJ, Gonzalez M, Lizotte E, et al.
Induced Brugada-type electrocardiogram, a sign
for imminent malignant arrhythmias. Circulation
2008;117:1890–3.

52. Yap YG, Behr ER, Camm AJ. Drug-induced
Brugada syndrome. Europace 2009;11:989–94.

53. Shimizu W. Acquired forms of the Brugada
syndrome. J Electrocardiol 2005;38:22–5.

54. Duque M, Santos L, Ribeiro S, Catre D. Anes-
thesia and Brugada syndrome: a 12-year case
series. J Clin Anesth 2017;36:168–73.

http://refhub.elsevier.com/S0735-1097(18)35362-2/sref10
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref10
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref10
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref10
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref10
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref10
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref11
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref11
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref11
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref11
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref12
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref12
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref12
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref12
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref12
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref13
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref13
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref13
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref13
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref13
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref14
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref14
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref14
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref15
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref15
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref15
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref15
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref15
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref16
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref16
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref16
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref16
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref16
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref17
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref17
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref17
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref17
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref18
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref18
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref18
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref18
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref18
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref19
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref19
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref19
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref19
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref19
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref20
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref20
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref20
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref21
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref21
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref21
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref21
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref22
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref22
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref22
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref22
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref22
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref23
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref23
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref23
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref23
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref23
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref24
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref24
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref24
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref24
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref24
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref25
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref25
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref25
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref25
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref25
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref26
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref26
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref26
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref26
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref26
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref27
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref27
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref27
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref27
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref27
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref28
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref28
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref28
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref28
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref29
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref29
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref29
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref29
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref30
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref30
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref30
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref30
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref30
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref31
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref31
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref31
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref31
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref32
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref32
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref32
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref32
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref32
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref33
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref33
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref33
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref33
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref34
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref34
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref34
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref34
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref35
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref35
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref35
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref35
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref36
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref36
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref36
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref37
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref37
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref37
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref38
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref38
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref38
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref38
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref38
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref38
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref39
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref39
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref39
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref39
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref39
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref40
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref40
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref40
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref40
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref40
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref41
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref41
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref41
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref42
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref42
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref42
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref42
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref43
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref43
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref43
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref43
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref43
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref44
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref44
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref44
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref44
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref44
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref45
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref45
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref45
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref45
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref45
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref45
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref45
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref46
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref46
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref46
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref46
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref46
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref46
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref46
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref47
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref47
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref47
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref47
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref48
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref48
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref48
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref48
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref49
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref49
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref49
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref49
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref50
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref50
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref50
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref50
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref51
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref51
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref51
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref51
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref52
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref52
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref53
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref53
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref54
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref54
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref54


Brugada et al. J A C C V O L . 7 2 , N O . 9 , 2 0 1 8

Brugada Syndrome A U G U S T 2 8 , 2 0 1 8 : 1 0 4 6 – 5 9

1058
55. Dendramis G, Paleologo C, Sgarito G, et al.
Anesthetic and perioperative management of pa-
tients with Brugada syndrome. Am J Cardiol 2017;
120:1031–6.

56. Gonzalez Corcia MC, de Asmundis C,
Chierchia GB, Brugada P. Brugada syndrome in the
paediatric population: a comprehensive approach
to clinical manifestations, diagnosis, and man-
agement. Cardiol Young 2016;26:1044–55.

57. Gurevitz O, Lipchenca I, Yaacoby E, et al. ST-
segment deviation following implantable car-
dioverter defibrillator shocks: incidence, timing,
and clinical significance. Pacing Clin Electrophysiol
2002;25:1429–32.

58. Priori SG, Gasparini M, Napolitano C, et al. Risk
stratification in Brugada syndrome: results of the
PRELUDE (PRogrammed ELectrical stimUlation
preDictive valuE) registry. J Am Coll Cardiol 2012;
59:37–45.

59. Sacher F, Arsac F, Wilton SB, et al. Syncope in
Brugada syndrome patients: prevalence, charac-
teristics, and outcome. Heart Rhythm 2012;9:
1272–9.

60. Hernandez-Ojeda J, Arbelo E, Borras R, et al.
Patients with Brugada syndrome and implanted
cardioverter-defibrillators: long-term follow-up.
J Am Coll Cardiol 2017;70:1991–2002.

61. Sieira J, Ciconte G, Conte G, et al. Asymp-
tomatic Brugada syndrome: clinical characteriza-
tion and long-term prognosis. Circ Arrhythm
Electrophysiol 2015;8:1144–50.

62. Sieira J, Conte G, Ciconte G, et al. Clinical
characterisation and long-term prognosis of
women with Brugada syndrome. Heart 2016;102:
452–8.

63. Sieira J, Conte G, Ciconte G, et al. Prognostic
value of programmed electrical stimulation in
Brugada syndrome: 20 years experience. Circ
Arrhythm Electrophysiol 2015;8:777–84.

64. Mizusawa Y, Morita H, Adler A, et al. Prog-
nostic significance of fever-induced Brugada syn-
drome. Heart Rhythm 2016;13:1515–20.

65. Sroubek J, Probst V, Mazzanti A, et al. Pro-
grammed ventricular stimulation for risk stratifi-
cation in the Brugada syndrome: a pooled analysis.
Circulation 2016;133:622–30.

66. Benito B, Sarkozy A, Mont L, et al. Gender
differences in clinical manifestations of Brugada
syndrome. J Am Coll Cardiol 2008;52:1567–73.

67. Sarkozy A, Sorgente A, Boussy T, et al. The
value of a family history of sudden death in pa-
tients with diagnostic type I Brugada ECG pattern.
Eur Heart J 2011;32:2153–60.

68. Sommariva E, Pappone C, Martinelli
Boneschi F, et al. Genetics can contribute to the
prognosis of Brugada syndrome: a pilot model for
risk stratification. Eur J Hum Genet 2013;21:911–7.

69. Sieira J, Conte G, Ciconte G, et al. A score
model to predict risk of events in patients with
Brugada Syndrome. Eur Heart J 2017;38:1756–63.

70. Viswanathan PC, Benson DW, Balser JR.
A common SCN5A polymorphism modulates the
biophysical effects of an SCN5A mutation. J Clin
Invest 2003;111:341–6.
71. Poelzing S, Forleo C, Samodell M, et al. SCN5A
polymorphism restores trafficking of a Brugada
syndrome mutation on a separate gene. Circula-
tion 2006;114:368–76.

72. Morita H, Kusano KF, Miura D, et al.
Fragmented QRS as a marker of conduction
abnormality and a predictor of prognosis of
Brugada syndrome. Circulation 2008;118:
1697–704.

73. Huang Z, Patel C, Li W, et al. Role of signal-
averaged electrocardiograms in arrhythmic risk
stratification of patients with Brugada syndrome: a
prospective study. Heart Rhythm 2009;6:
1156–62.

74. Takagi M, Aonuma K, Sekiguchi Y,
Yokoyama Y, Aihara N, Hiraoka M. The prognostic
value of early repolarization (J wave) and ST-
segment morphology after J wave in Brugada
syndrome: multicenter study in Japan. Heart
Rhythm 2013;10:533–9.

75. Kawata H, Morita H, Yamada Y, et al.
Prognostic significance of early repolarization
in inferolateral leads in Brugada patients with
documented ventricular fibrillation: a novel
risk factor for Brugada syndrome with ven-
tricular fibrillation. Heart Rhythm 2013;10:
1161–8.

76. Maury P, Sacher F, Gourraud JB, et al.
Increased Tpeak-Tend interval is highly and inde-
pendently related to arrhythmic events in Brugada
syndrome. Heart Rhythm 2015;12:2469–76.

77. Zumhagen S, Zeidler EM, Stallmeyer B,
Ernsting M, Eckardt L, Schulze-Bahr E. Tpeak-
Tend interval and Tpeak-Tend/QT ratio in patients
with Brugada syndrome. Europace 2016;18:
1866–72.

78. Tse G. (Tpeak - Tend)/QRS and (Tpeak - Tend)/
(QT x QRS): novel markers for predicting
arrhythmic risk in the Brugada syndrome. Euro-
pace 2017;19:696.

79. Rollin A, Sacher F, Gourraud JB, et al. Preva-
lence, characteristics, and prognosis role of type 1
ST elevation in the peripheral ECG leads in pa-
tients with Brugada syndrome. Heart Rhythm
2013;10:1012–8.

80. Fish JM, Antzelevitch C. Cellular mechanism
and arrhythmogenic potential of T-wave alternans
in the Brugada syndrome. J Cardiovasc Electro-
physiol 2008;19:301–8.

81. Tada T, Kusano KF, Nagase S, et al. Clinical
significance of macroscopic T-wave alternans after
sodium channel blocker administration in patients
with Brugada syndrome. J Cardiovasc Electro-
physiol 2008;19:56–61.

82. Subramanian M, Prabhu MA,
Harikrishnan MS, Shekhar SS, Pai PG,
Natarajan K. The utility of exercise testing in risk
stratification of asymptomatic patients with type
1 Brugada pattern. J Cardiovasc Electrophysiol
2017;28:677–83.

83. Shenthar J, Chakali SS, Acharya D, Parvez J,
Banavalikar B. Oral quinine sulfate for the treat-
ment of electrical storm and prevention of recur-
rent shocks in Brugada syndrome after failed
cilostazol therapy. HeartRhythm Case Rep 2017;3:
470–4.

84. Rai MK, Prabhu MA, Shenthar J, et al.
Evaluation of baseline ECG in patients under-
going oral flecainide challenge test for sus-
pected Brugada syndrome: an analysis of lead
II. Indian Pacing Electrophysiol J 2017;17:
102–7.

85. Mendes SL, Elvas L, Ramos D, Pego M. Fever in
an elderly patient unmasks Brugada syndrome.
Rev Port Cardiol 2017;36:317–8.

86. Viskin S, Wilde AA, Guevara-Valdivia ME, et al.
Quinidine, a life-saving medication for Brugada
syndrome, is inaccessible in many countries. J Am
Coll Cardiol 2013;61:2383–7.

87. Nademanee K, Veerakul G,
Chandanamattha P, et al. Prevention of ventric-
ular fibrillation episodes in Brugada syndrome by
catheter ablation over the anterior right ven-
tricular outflow tract epicardium. Circulation
2011;123:1270–9.

88. Brugada J, Pappone C, Berruezo A, et al.
Brugada syndrome phenotype elimination by
epicardial substrate ablation. Circ Arrhythm Elec-
trophysiol 2015;8:1373–81.

89. Pappone C, Brugada J, Vicedomini G, et al.
Electrical substrate elimination in 135 consecutive
patients with Brugada syndrome. Circ Arrhythm
Electrophysiol 2017;10:e005053.

90. Pappone C, Santinelli V. Implantable car-
dioverter defibrillator and catheter ablation in
Brugada syndrome. J Cardiovasc Med (Hagers-
town) 2017;18 Suppl 1:e35–9.

91. Rudic B, Chaykovskaya M, Tsyganov A, et al.
Simultaneous non-invasive epicardial and endo-
cardial mapping in patients with Brugada syn-
drome: new insights into arrhythmia mechanisms.
J Am Heart Assoc 2016;5:e004095.

92. Yamakawa Y, Ishikawa T, Uchino K, et al.
Prevalence of right bundle-branch block and right
precordial ST-segment elevation (Brugada-type
electrocardiogram) in Japanese children. Circ J
2004;68:275–9.

93. Oe H, Takagi M, Tanaka A, et al. Prevalence
and clinical course of the juveniles with Brugada-
type ECG in Japanese population. Pacing Clin
Electrophysiol 2005;28:549–54.

94. Gonzalez Corcia MC, Sieira J, Sarkozy A, et al.
Brugada syndrome in the young: an assessment of
risk factors predicting future events. Europace
2017;19:1864–73.

95. Brugada R, Campuzano O, Sarquella-
Brugada G, Brugada J, Brugada P. Brugada syn-
drome. Methodist DeBakey Cardiovasc J 2014;10:
25–8.

96. Probst V, Denjoy I, Meregalli PG, et al. Clinical
aspects and prognosis of Brugada syndrome in
children. Circulation 2007;115:2042–8.

97. Sorgente A, Sarkozy A, De Asmundis C, et al.
Ajmaline challenge in young individuals with sus-
pected Brugada syndrome. Pacing Clin Electro-
physiol 2011;34:736–41.

98. Conte G, Brugada P. The challenges of per-
forming ajmaline challenge in children with

http://refhub.elsevier.com/S0735-1097(18)35362-2/sref55
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref55
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref55
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref55
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref56
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref56
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref56
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref56
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref56
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref57
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref57
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref57
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref57
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref57
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref58
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref58
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref58
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref58
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref58
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref59
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref59
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref59
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref59
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref60
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref60
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref60
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref60
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref61
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref61
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref61
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref61
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref62
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref62
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref62
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref62
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref63
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref63
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref63
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref63
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref64
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref64
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref64
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref65
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref65
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref65
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref65
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref66
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref66
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref66
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref67
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref67
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref67
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref67
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref68
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref68
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref68
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref68
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref69
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref69
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref69
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref70
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref70
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref70
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref70
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref71
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref71
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref71
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref71
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref72
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref72
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref72
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref72
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref72
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref73
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref73
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref73
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref73
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref73
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref74
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref74
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref74
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref74
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref74
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref74
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref75
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref75
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref75
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref75
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref75
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref75
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref75
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref76
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref76
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref76
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref76
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref77
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref77
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref77
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref77
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref77
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref78
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref78
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref78
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref78
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref79
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref79
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref79
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref79
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref79
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref80
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref80
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref80
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref80
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref81
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref81
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref81
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref81
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref81
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref82
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref82
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref82
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref82
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref82
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref82
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref83
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref83
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref83
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref83
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref83
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref83
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref84
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref84
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref84
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref84
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref84
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref84
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref85
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref85
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref85
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref86
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref86
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref86
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref86
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref87
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref87
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref87
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref87
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref87
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref87
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref88
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref88
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref88
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref88
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref89
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref89
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref89
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref89
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref90
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref90
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref90
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref90
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref91
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref91
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref91
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref91
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref91
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref92
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref92
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref92
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref92
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref92
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref93
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref93
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref93
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref93
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref94
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref94
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref94
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref94
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref95
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref95
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref95
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref95
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref96
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref96
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref96
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref97
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref97
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref97
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref97
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref98
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref98


J A C C V O L . 7 2 , N O . 9 , 2 0 1 8 Brugada et al.
A U G U S T 2 8 , 2 0 1 8 : 1 0 4 6 – 5 9 Brugada Syndrome

1059
suspected Brugada syndrome. Open Heart 2014;1:
e000031.

99. Probst V, Evain S, Gournay V, et al.
Monomorphic ventricular tachycardia due to
Brugada syndrome successfully treated by
hydroquinidine therapy in a 3-year-old child.
J Cardiovasc Electrophysiol 2006;17:97–100.

100. Gonzalez Corcia MC, Sieira J, Pappaert G,
et al. Implantable cardioverter-defibrillators in
children and adolescents with Brugada syn-
drome. J Am Coll Cardiol 2018;71:148–57.

101. Gonzalez Corcia MC, Sieira J, Pappaert G,
et al. A clinical score model to predict lethal
events in young patients (</¼19 years) with the
Brugada syndrome. Am J Cardiol 2017;120:
797–802.

102. Conte G, C DEA, Sieira J, et al. Clinical char-
acteristics, management, and prognosis of elderly
patients with Brugada syndrome. J Cardiovasc
Electrophysiol 2014;25:514–9.

103. Juang JM, Chen CY, Chen YH, et al. Preva-
lence and prognosis of Brugada electrocardiogram
patterns in an elderly Han Chinese population: a
nation-wide community-based study (HALST
cohort). Europace 2015;17 Suppl 2:ii54–62.

104. Ito H, Yano K, Chen R, He Q, Curb JD. The
prevalence and prognosis of a Brugada-type
electrocardiogram in a population of middle-
aged Japanese-American men with follow-up
of three decades. Am J Med Sci 2006;331:25–9.

105. Uhm JS, Hwang IU, Oh YS, et al. Prevalence
of electrocardiographic findings suggestive of
sudden cardiac death risk in 10,867 apparently
healthy young Korean men. Pacing Clin Electro-
physiol 2011;34:717–23.

106. Gervacio-Domingo G, Isidro J, Tirona J, et al.
The Brugada type 1 electrocardiographic pattern is
common among Filipinos. J Clin Epidemiol 2008;
61:1067–72.

KEY WORDS arrhythmias, Brugada
syndrome, genetics, sudden cardiac death

http://refhub.elsevier.com/S0735-1097(18)35362-2/sref98
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref98
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref99
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref99
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref99
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref99
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref99
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref100
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref100
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref100
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref100
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref101
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref101
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref101
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref101
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref101
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref101
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref101
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref102
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref102
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref102
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref102
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref103
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref103
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref103
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref103
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref103
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref104
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref104
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref104
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref104
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref104
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref105
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref105
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref105
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref105
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref105
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref106
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref106
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref106
http://refhub.elsevier.com/S0735-1097(18)35362-2/sref106

	Present Status of Brugada Syndrome
	Definition
	Disease Burden
	Clinical Manifestations
	Symptoms
	Resting ECG
	Pharmacological tests and other diagnostic tools
	Structural changes

	Genetic Basis
	Current challenges

	Diagnostic Criteria
	Differential Diagnosis
	Risk Stratification
	Management
	Pediatric and Young Populations
	Aged Population
	Conclusions
	References


