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Abstract

Brugada syndrome is increasingly being recognized in clinical medicine. What started as an
electrocardiographic curiosity has become an important focus of attention for individuals working
in the different disciplines related to sudden cardiac death, from basic scientists to clinical cardiac
electrophysiologists. In just 12 years, since the description of the disease, clinically relevant infor-
mation is continuously being provided to physicians to help protect the individuals with Brugada
syndrome to the best of our ability. And this information has been gathered thanks to the effort
of hundreds of basic scientists, physicians and patients who continue to give their time, effort
and data to help understand how the electrocardiographic pattern may cause sudden cardiac death.
There are still many unanswered questions, both at the clinical and basic field. However, with the
further collection of data, the longer follow-up and the continued interest from the basic science
world we will have the necessary tools to the successful unraveling of the disease.

KEYWORDS: Brugada syndrome, suddendeath, genetics

∗PMID: 15762293 [PubMed - indexed for MEDLINE]
Copyright (C) OKAYAMA UNIVERSITY MEDICAL SCHOOL



 

Brugada Syndrome:12 Years of Progression

 
Kui Hong , Charles Antzelevitch , Pedro Brugada , Josep Brugada,

Tohru Ohe, and Ramon Brugada

Masonic Medical Research Laboratory, Utica, NY 13501, USA, Cardiovascular Research and
 

Teaching Institute of Aalst, Belgium, Arrhythmia Unit, Cardiovascular Institute, Hospital Clinic,
University of Barcelona, Spain, and Department of Cardiovascular Medicine, Okayama University

 
Graduate School of Medicine and Dentistry, Okayama 700-8558, Japan

 

Brugada syndrome is increasingly being recognized in clinical medicine. What started as an
 

electrocardiographic curiosity has become an important focus of attention for individuals working
 

in the different disciplines related to sudden cardiac death, from basic scientists to clinical cardiac
 

electrophysiologists. In just 12 years, since the description of the disease, clinically relevant
 

information is continuously being provided to physicians to help protect the individuals with Brugada
 

syndrome to the best of our ability. And this information has been gathered thanks to the effort of
 

hundreds of basic scientists, physicians and patients who continue to give their time, effort and data
 

to help understand how the electrocardiographic pattern may cause sudden cardiac death. There are
 

still many unanswered questions, both at the clinical and basic field. However, with the further
 

collection of data, the longer follow-up and the continued interest from the basic science world we
 

will have the necessary tools to the successful unraveling of the disease.

Key words:Brugada syndrome, sudden death, genetics

 

S ince its initial description in the early nineties［1］,
Brugada syndrome has attracted progressively

 
more attention in the cardiology community. There are

 
several reasons for it becoming such a focal point of

 
attention. First, the disease takes the lives, in many

 
instances as a first event, of previously healthy individuals

 
in their forties, during their most productive years［2］.
This creates great anxiety among family members and a

 
desperate need to identify other mutation carriers among

 
the offspring of affected individuals, usually very young

 
children. Second, once thought to be very rare, the

 
Brugada syndrome is now recognized worldwide and has

 

a relatively high prevalence in certain parts of the world,
particularly the Southeast Asia. Third, the identification

 
of the disease coincided with a burst of activity in the

 
molecular biology and cardiology fields. Brugada syn-
drome has benefited greatly from the knowledge and

 
experience gained in the field of molecular cardiology and

 
genetics of other arrhythmogenic diseases. Fourth,
recent years have witnessed the bridging of clinical and

 
basic sciences related to our understanding of the Brugada

 
syndrome. The interactive exchange between disciplines

 
has assisted physicians and scientists alike in formulation
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of better approaches to the diagnosis and treatment of the
 

disease. Finally, despite the great strides of the past
 

decade, several challenges and questions still remain. The
 

ECG pattern of the Brugada Syndrome may be concealed
 

and even transiently normalize (Fig. 1). It may also
 

appear under the influence of some external factors like
 

tryciclic antidepressant overdose, fever, cocaine, anes-
thetics, etc.［3］. It is not entirely clear whether these

 
patients are at higher or lower risk of sudden death. The

 
biggest challenge by far is the limited therapeutic options

 
available for the disease. Brugada syndrome is a very

 
malignant disease with a high rate of recurrence of life-
threatening events. The only proven effective treatment at

 
this point is the implantation of a defibrillator, which is

 
largely unaffordable where the disease is most prevalent.
An alternative approach to therapy is therefore needed for

 
these individuals. All of these factors continue to drive

 
both clinical and basic research at medical centers world-
wide.
Basic research into the mechanisms underlying the

 
Brugada syndrome is in its infancy and the next 10 years

 
will probably provide still better understanding of this

 
lethal disease. What started as an electrocardiographic

 
curiosity has become a great challenge for electro-
physiologists, cardiologists, biophysicists, geneticists

 
and molecular biologists.

Ionic and Cellular Mechanisms
 

The past several decades have provided us with impor-
tant insights into the electrical function of the ventricular

 
myocardium. What was once thought to be a homogene-
ous tissue consisting of muscular and conducting tissue,
is now recognized as being a heterogeneous milieu with

 
multiple cellular subtypes with different functional and

 
electrophysiological properties［4］. These electro-
physiological distinctions are due to variations in the

 
expression of ionic currents, especially between epicar-
dium and endocardium. These differences contribute to

 
the development of ST segment elevation and the sub-
strate for reentrant arrhythmias. Experiments involving

 
the arterially perfused right ventricular wedge preparation

 
have shown that the epicardial action potential notch is

 
responsible for the inscription of the electrocardiographic

 
J wave and that accentuation of the notch leads to

 
amplification of the J wave, resulting in an apparent

 
elevation of the ST segment［5］. This has been shown

 
in pathophysiological states like hypothermia, where an

 
increase in the action potential notch in epicardium but not

 
endocardium, causes an elevation of the J point and ST

 
segment in the electrocardiogram. If the epicardial action

 
potential repolarizes before that of the endocardium, the

 
T wave will remain positive and the electrocardiogram will

 
show a saddle-back type of ST segment elevation.
Further accentuation of the pathophysiological state will
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Fig.1  Typical electrocardiographic pattern of ST segment elevation in right ventricular precordial leads consistent with the Brugada
 

syndrome.
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accentuate the notch and prolong the epicardial action
 

potential so that it repolarizes after the endocardial
 

response, thus leading to inversion of the T wave. The
 

result is an electrocardiogram with a coved ST segment
 

elevation and a negative T wave, but no clear arrhyth-
mogenic substrate. Progressive accentuation of the notch

 
will eventually lead to loss of the action potential dome

 
and marked abbreviation of the epicardial response at

 
some sites［6］thus creating an epicardial as well as

 
transmural dispersion of repolarization and the substrate

 
for reentrant arrhythmias［7］(Fig. 2). Very few papers

 
have addressed the epicardial recording of action poten-
tials for obvious technical reasons. Recordings from the

 
conus branch have indicated that there is the recording of

 
late potentials in epicardium but not endocardium［8］.
Experimental models of the Brugada syndrome creat-

ed by exposing right ventricular wedge preparations to a
 

variety of pharmacological agents have highlighted the
 

importance of Ito. The high expression of Ito during
 

phase 1 of the action potential plays a pivotal role in the
 

electrocardiographic pattern of the Brugada syndrome. It

 

is the balance of currents active during phase 1 that
 

determines the degree of ST segment elevation. The use
 

of quinidine, a class IA antiarrhythmic with action to
 

block Ito, among other currents, has been shown to be
 

capable of restoring the action potential dome in epicar-
dium, thus normalizing the ST segment elevation［6］. It

 
is certainly a finding which could have clinical and thera-
peutic relevance. There is a group that advocates the use

 
of this antiarrhythmic to treat Brugada syndrome［9］and

 
there has been a case report in the literature of decreased

 
ST elevation with the use of quinidine［10］.
Sodium channel blockers also increase the notch of the

 
epicardial action potential and thus give rise to an ST

 
segment elevation in the wedge preparation［6］. This has

 
also proved useful in clinical practice as a diagnostic tool

 
to unmask the electrocardiographic pattern in individuals

 
suspected of having the Brugada syndrome. Sodium

 
blockers like ajmaline, procainamide, flecainide and pil-
sicainide are now being used to identify the individuals at

 
risk［11］. Rare but potentially life-threatening arrhyth-
mias have been described with the use of the sodium
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Fig.2  Schematic representation of right ventricular epicardial action potential changes proposed to underlie the electrocardiographic
 

manifestation of early repolarization and Brugada syndrome(from［37］with permission).
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blockers to test for possible Brugada syndrome, indicat-
ing the need of performing this test under close monitor-
ing and resuscitation equipment［12］.
Two intriguing questions have arisen in recent years.

One is why is this electrocardiographic pattern only
 

present in the right precordial leads, and the second is
 

why the Brugada phenotype is so much more prevalent in
 

males vs. females of South East Asian origin. Answers
 

to both questions derive from recent studies conducted in
 

the wedge preparation. In brief, the reasons have to do
 

with the fact that Ito is much more prominent in males vs.
females［13］and is much greater in the right vs. left

 
ventricles of the heart［14］.

Genetics
 

A definitive link between the sodium currents and
 

Brugada syndrome has been provided by research in
 

genetics. The first gene responsible for the disease was
 

identified in 1998 by Chen and coworkers［15］. This
 

gene, theα-subunit of the cardiac sodium channel gene,
SCN5A, is responsible for the phase 0 of the cardiac

 
action potential. The identification of mutations in

 
SCN5A causing the disease and the decrease in availabil-
ity of sodium ions, suggest that a shift in the ionic balance

 
in favor of Ito during phase 1 of the action potential is the

 
determinant of the disease［7］. To date, this is the only

 
gene linked to Brugada syndrome. SCN5A has been

 
identified in approximately 25  of the patients with

 
Brugada syndrome, indicating that there is at least

 
another gene responsible for the disease. In 2002, a

 
second locus, on chromosome 3 was identified, although

 
the gene responsible has not been identified as yet［16］.
Close to 60 different mutations in SCN5A have been

 
reported to date and approximately one third of them have

 
been biophysically characterized. The common denomina-
tor in the analysis of the mutations is the decrease in Na

 
current availability by 3 principal mechanisms:lack of

 
expression of the mutant channel, a shift in the voltage

 
dependence of activation, inactivation and reactivation or

 
acceleration of inactivation of the channel［17］. These are

 
at this point considered the main pathophysiological

 
mechanisms causing Brugada syndrome. In the case of

 
T1620 M mutation, the alteration in the ionic currents is

 
exaggerated at higher temperatures［18］. This too may

 
have some clinical correlation as there have been several

 
cases of ventricular fibrillation in patients with Brugada

 
syndrome that develop during febrile states［19-21］.

Brugada syndrome is usually a disease that affects
 

individuals in their forties. However, it has also been
 

described as causing sudden infant death syndrome
(SIDS)［22］. In addition to Brugada syndrome, muta-
tions of SCN5A can lead to a large spectrum of

 
phenotypes, including long-QT syndrome(LQT3)［23］,
isolated progressive cardiac conduction defect［24］,
idiopathic ventricular fibrillation［15］, and sudden un-
explained nocturnal death syndrome(SUDS or SUNDS)
［25］. These are all considered to be allelic diseases,
caused by mutations in a same gene(Fig. 3).
Brugada syndrome could be considered a mirror image

 
of LQT3. Biophysical data indicate that LQT3 mutations

 
cause a delayed inactivation of the channel［23］, which is

 
exactly the opposite as in Brugada syndrome,where there

 
is an accelerated inactivation［18］. The difference

 
between the 2 diseases is however difficult to identify in

 
some cases, and one family has been described manifest-
ing the phenotype of both Brugada and long QT syn-
dromes［26］. Likewise, the line between progressive

 
conduction disease and Brugada syndrome is closer than

 
ever after the publication of a paper with a family display-
ing both diseases［27］. Whether they represent variable

 
phenotypic expression of the same disease is not clear.
One thing appears to be true, all the affected family

 
members in this family, with Brugada syndrome or

 
conduction disease, have a mutation that has proven lethal

 
to some of its members. This raises important issues

 
regarding therapy, prevention and risk stratification.
Recent studies have shed some light on the distinc-

tions or lack thereof between Brugada syndrome and
 

Sudden Unexpected Death Syndrome(SUDS)in South-
east Asia. SUDS is very prevalent in Southeast Asia. In

 
countries like Thailand, it is believed to affect up to 1

 
of the population, and it is the most common cause of

 
death in young males, second only to car accidents［28］.
The patients commonly die at night and the male to female

 
ratio is on the order of 10:1. Electrocardiographically,
the disease is identical to Brugada syndrome. It is also

 
caused by mutations in SCN5A and biophysical data

 
indicates a non-working SCN5A or accelerated inactiva-
tion［25］. These characteristics are similar to those of

 
the Brugada syndrome, suggesting that they are the same

 
disease. The identification of the same mutation in a

 
family of European descent as in a family of Japanese

 
descent provided a clear indication that the two are

 
actually the same disease［29］.
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Clinical Characteristics
 

It is certainly a challenge to risk stratify patients with
 

Brugada syndrome. There are many uncertainties that are
 

gradually coming into better focus as patients and families
 

are identified. Electrocardiographic criteria have been
 

used to try to risk stratify patients, but not all research
 

groups agree on the criteria to be applied. Some of the
 

conclusions are as follows.
Symptomatic patients are at high risk for recurrence.

There is a consensus that symptomatic patients with
 

documented ventricular fibrillation have close to a 50
 

chance of having another event within 5 years. If the
 

patient experienced syncope, the recurrence rate is 20
［30］.

Asymptomatic individuals with normal ECG at
 

baseline and abnormal ECG after sodium channel blockers
 

have a relatively good prognosis. Individuals that have
 

the mutation but require a sodium block challenge to
 

develop the abnormal electrocardiographic pattern may
 

have environmental or other genetic alterations that pro-
tect them. A note of caution is required in this analysis;
since many of these are relatively young individuals,
much younger than the symptomatic group, and how

 

their disease will progress as they grow older is not
 

known［30］.
Individuals with an electrocardiographic pattern that

 
normalizes are at the same risk as other patients with a

 
persistent ECG abnormality. If the substrate for arrhyth-
mias depends on the transmural voltage gradient, it would

 
seem that patients would develop reentrant arrhythmias

 
more often while there is ST segment elevation. It is of

 
course possible that the ST segment elevation will appear

 
just moments before the episode of ventricular fibrillation.
More data and patients will be required to estimate the

 
real value of transient versus persistent ST segment

 
elevation.
Those with a coved type ECG are at higher risk than

 
saddle back type. Actually, our group does not accept a

 
diagnosis of Brugada syndrome without a coved type

 
ECG either before or after sodium blocker drug challenge.
Again, this may correspond to the severity of the defect

 
that throws offthe balance of currents during the early

 
phases of the action potential, as previously discussed.
Our current understanding of basic mechanisms is that the

 
substrate for VT/VF is unlikely to be present when only

 
a saddleback type of ST segment elevation is manifest,
but more likely in the presence of a coved type. Consis-

Fig.3  Diagrammatic representation of the human cardiac sodium channel displaying locations of mutations associated with Long QT
 

syndrome type 3, Brugada syndrome, isolated cardiac conduction disease, and overlap syndromes. I, domain I;II, domain II;III, domain
 

III;IV, domain IV.
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tent with this hypothesis is the clinical observation that
 

saddleback ST segment elevation usually progresses to a
 

coved type before VT/VF is observed.
The use of potent sodium channel blockers to diagnose

 
patients at risk for Brugada syndrome has raised some

 
controversy. There is a wide variety of medications used

 
to unmask the disease. False negative results have been

 
reported with procainamide and flecainide［31］. False

 
positive results have been reported with flecainide in

 
patients with LQT3［32］. The value of the antiarrhyth-
mic challenge should come into better focus as more

 
people are tested and genotyped for mutations.
The most controversial issue is the value of electro-

physiological study as an indicator of prognosis. Studies
 

from Priori［31］, Shimizu［33］and Eckardt［34］have
 

not found an association between inducibility and recur-
rence of events. Our data of close to 700 patients indi-
cates that EP study inducibility is prognostic of risk. The

 
use of electrophysiological data is probably not clinically

 
necessary in the patient that has recovered from sudden

 
cardiac death. There is not much room for argument that

 
they require a defibrillator. Where the controversy arises

 
is on how aggressive we need to be with asymptomatic

 
patients. There is no doubt that asymptomatic patients

 
are also at risk. Brugada syndrome generally affects

 
individuals in their forties, despite the fact that the genetic

 
predisposition is present since birth.What determines the

 
likelihood of a patient becoming symptomatic is at present

 
unknown, but the one thing that is certain is that all

 
symptomatic patients had previously been asymptomatic

 
for many years. Identifying which group will become

 
symptomatic is a critically important preventative mea-
sure. Asymptomatic patients without a family history of

 
sudden death have been found to have a benign course

 
especially if they are non-inducible at electrophysiological

 
study［35］. Our group has shown that patients with

 
Brugada syndrome and no previous history of cardiac

 
arrest have an 8  chance of having a documented

 
ventricular fibrillation and/or sudden death in the follow-
ing 2 years. Inducibility and previous history of syncope

 
are markers of poor prognosis［36］. We therefore

 
advocate the implantation of a defibrillator in

 
asymptomatic inducible patients. The rest require close

 
follow-up until evidence-based data provide further guid-
ance for risk stratification.

Concluding Remarks
 

The past decade has witnessed the identification of a
 

new clinical entity responsible for sudden death in the
 

young and the evolution of a strategy to diagnose, risk
 

stratify and treat patients with this syndrome. This has
 

been possible thanks to the efforts of many centers around
 

the world and to the collaboration of hundreds of physi-
cians. This is still a very new disease, with a high social

 
impact due to the fact that it involves death of relatively

 
young individuals. Through research and continued col-
laboration among the basic and clinical groups involved,
we look forward to advances that will enable us to better

 
identify those at risk and provide the means to treat them

 
more effectively, so as to reduce the burden of this

 
disease on the affected families.
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