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ORIGINAL ARTICLE CME

Clinical profile and genetic basis of
Brugada syndrome in the Chinese
population

Brugadalff SEEREENERHUR ERAEHEN

Objective. To study the clinical profile and genetic basis of Brugada syndrome
in Chinese patients.

Design. Prospective observational study.

Setting. Seven regional public hospitals, Hong Kong.

Main outcome measures. The clinical and follow-up data of 50 patients (47
men, 3 women; mean age, 53 years) were collected, and genetic data of 36
probands and eight family members of three genotyped probands were analysed.
Results. Eight patients survived sudden cardiac death (group A), 12 had syncope
of unknown origin but no sudden death (group B), and 30 were asymptomatic
before recognition of Brugada syndrome (group C). Programmed electrical
stimulation induced sustained ventricular arrhythmiasin 88% (7/8), 82% (9/11),
and 27% (3/11) of patientsin group A, group B, and group C, respectively. New
arrhythmic events occurred in 50% (4/8) of patientsin group A and 17% (2/12)
of patientsin group B after a mean follow-up period of 30 (standard deviation,
13) months and 25 (7) months, respectively. All group C patients remained
asymptomatic during a mean follow-up period of 25 (standard deviation, 11)
months. Five of 36 probands and three of eight family members who underwent
genetic testing were found to have a mutation in their SCN5A gene.
Conclusions. Chinese patients with Brugada syndrome who are symptomatic
have a high likelihood of arrhythmia recurrence, whereas asymptomatic patients
enjoy a good short-term prognosis. The prevalence of SCN5A mutation among
probands is 14%. Thus, Chinese patients with Brugada syndrome share with
their western counterparts similar clinical and genetic heterogeneity.
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Introduction

In 1992, Brugada first described a specific form of idiopathic sudden death,
which is now known as the Brugada syndrome. The hallmark of the syndromeis
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the characteristic coved-type, and less commonly saddle-
back—type, ST-segment elevationin leadsV, toV, on an elec-
trocardiogram (ECG) recorded during sinus rhythm
(Fig 1). Petients with this syndrome have no structural heart
disease and yet are prone to develop syncope or sudden
cardiac death (SCD) due to ventricular tachyarrhythmias.
The characteristic ECG pattern frequently showsintermittent
changes over time, which may give rise to diagnostic diffi-
culties. To date, implantation of an implantable cardioverter-
defibrillator (ICD) remainsthe only established therapy that
can prevent SCD in patients with Brugada syndrome; anti-
arrhythmic drugs have no proven prognostic benefits.?

In the past decade, alarge body of medical literature has
shed light on the pathophysiology and epidemiology of
Brugada syndrome. It is now known that the syndrome is
an inheritable arrhythmogenic disorder with an autosomal
dominant pattern of transmission, and genetic data have
linked the syndrome to mutations in the cardiac sodium
channel gene SCN5A in chromosome 3.34 Epidemiol ogical
data suggest that Brugada syndrome is ubiquitous but more
prevalent in someAsian countries’; however, it hasonly been
rarely reported in Chinese patients.>*? The clinical profile
and genetic basis of Brugada syndrome in the Chinese
populationislargely unknown. In Hong Kong, thefirst cases
in Chinese patients were described in April 1999.7% In
September 1999, on behalf of the Hong Kong | nterhospital
Network of Pacing and Cardiac Electrophysiology (HK-IN-
PACE)—acollaboration of saven regional public hospitals—
we initiated a Brugada syndrome registry to identify indi-
vidualsin the local Chinese population who have Brugada
syndrome, and to study the clinical characteristics and gen-
etic basis of this syndrome among these affected individuals.

M aterials and methods

Study population and clinical evaluation

The study population consisted of 50 Chinese patients
identified in seven regional hospitals between September
1999 and April 2002, who demonstrated ST-segment
elevation of more than 2 mm in the right precordial leads
(V;-V3) with or without right bundle branch block on ECG,
either spontaneously or during an intravenous flecainide
challenge test (FCT) [Fig 1]. Study participants gave
informed consent for clinical and genetic evaluation. In all
participants, the presence of structural heart disease was
excluded by echocardiography (n=50), coronary angio-
graphy (n=24), magnetic resonance imaging (n=5), and
endomyocardial biopsy (n=1).

Demographic, clinical, and prospective follow-up data
were obtained during patients’ hospital visits and telephone
interviews, and were entered into a dedicated database of
the HK-IN-PACE Brugada Registry. Patients were categor-
ised into three groups: survival from prior SCD, syncope
of unknown origin, or lack of symptoms prior to recognition
of Brugada syndrome. In this study, SCD was defined as
sudden and unexpected death occurring within 1 hour from

Brugada syndrome in Chinese patients

(a) (b)

vi | Vi
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Fig 1. Electrocardiograms (ECGs) showing (a) spontaneous
coved-type ST-segment elevation in leads V,-V, with a right
bundle branch block pattern (Brugada ECG pattern) in a
patient with Brugada syndrome who presented with sudden
cardiac death; (b) Brugada ECG pattern unmasked by
intravenous flecainide in a family member of a proband with
Brugada syndrome

the onset of symptoms. Syncope of unknown origin was
defined as syncope without any identifiable cause. An
arrhythmic event was defined as a documented episode of
syncopal ventricular arrhythmia or sudden death, or as an
appropriate shock discharged by an ICD. Patients were
treated on the basis of clinical judgement of their referring
cardiologists; FCT and electrophysiology study using
programmed electrical stimulation (PES) were optional.
For FCT, flecainide (2 mg/kg) was administered intra-
venously as a bolus over 10 minutes under continuous
cardiac monitoring in a coronary care unit. A positive test
result was defined asa2-mmrisein ST segment inleadsV,
toV,. Asfor PESfor the induction of sustained ventricular
arrhythmias, the stimulation protocol for symptomatic
patients included a maximum of three ventricular
extrastimuli at two basic pacing cycle lengths delivered at
two sites down to a minimum coupling interval of 200 ms.
For asymptomatic patients, PES was limited to a maximum
of two ventricular extrastimuli.

Genetic analysis

Genetic analysis for 36 probands and eight family
members of three genotyped probands was performed at
the Molecular Cardiology Laboratories of the Maugeri
Foundation in Pavia, Italy. DNA was extracted from
peripheral blood lymphocytes by following standard
procedures. Intronic primer pairs for the amplification of
the entire open reading frame of the SCN5A gene were used.
Single-strand conformational polymorphism analysis, with
or without denaturing high-performance liquid chro-
matography analysis, was performed on amplified genomic
DNA. Abnormal patterns were directly sequenced or sub-
cloned and sequenced on both strandswith an automated DNA
analyser (ABI Prism 310; Perkin EImer, Wellesley, US). A
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Table. Demographic and clinical profiles of 50 Chinese patients with Brugada syndrome

Characteristic/clinical presentation Previous sudden cardiac Syncope Asymptomatic P value
death (Group A) (Group B) (Group C)
No. 8 12 30 -
Male/female 8/0 12/0 27/3 0.35
Mean age (standard deviation) [years] 41 (12) 56 (9) 55 (16) 0.08
Family history of sudden cardiac death 1 1 5 0.238
ST-segment elevation
Coved type 6 11 26 0.57
Saddle-back type 2 1 4
Programmed electrical stimulation
Inducible VT/VF*
Yes/No (%) 7/1 (88%) 9/2 (82%) 3/8 (27%) NAT
No. of extrastimuli (1/2/3) 0/5/2 1/2/6 1/2/not tested
Treatment
IcD* 3 4 1 -
Drugs 1 1 2 -
ICD+drugs 1 1 0 -
*VT/VF ventricular tachycardia/ventricular fibrillation
TNA not applicable (different protocols were used)
+ICD  implantable cardioverter-defibrillator
panel of 400 healthy whiteindividuals (800 alleles) and 100 |
healthy Chineseindividuas (200 dleles) was used as controls. ERER Ry ARaAAAN D Lt '| .
| \ i I f f |
I . [
Statistical analysis T e
Data are presented as mean (standard deviation [SD]). The L
Chi squared test was used to compare categorical variables [l 1 i ]
and analysis of variance was used to compare continuous 2 ™ ami

variables among the different groups. A value of P<0.05
was considered statistically significant. Event-free analysis
was estimated by the Kaplan-Meier method and the results
were compared by means of the log-rank test. In the esti-
mation of event rates during follow-up, 95% confidenceinter-
vals (Cls) were calculated using the Fleiss exact formula.

Results

Demographic and clinical characteristics

Among the 50 patients with Brugada syndrome, there were
46 probands and four affected family members. Eight
patients had survived SCD (group A), 12 had syncope of
unknown origin but no sudden death (group B), and 30 had
been asymptomatic before diagnosis (group C). Their
demographic and clinical characteristics are shown in the
Table. Theresults showed amale preponderance for Brugada
syndrome. Patients who survived SCD were significantly
younger than patientsin the other two groups (P=0.03). A
family history of SCD was uncommon (14%) in our cohort.
The majority of the patients showed the coved-type rather
than saddle-back—type ST-segment elevation on ECG, either
spontaneously or after flecainide challenge. Among the 20
symptomatic patients, only four from group A and five from
group B received |CD implants. The remaining symptomatic
patients either refused any form of treatment or preferred
empirical pharmacological treatment despite the lack of
documented benefit. New arrhythmic events occurred in four
patients in group A (event rate 50%; 95% ClI, 16%-84%)
and in two patients in group B (event rate 17%; 95% Cl,
2%-48%) during a mean follow-up period of 30 (SD, 13)
months and 25 (7) months, respectively. Among patients
with new arrhythmic events, one from group B who refused
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Fig 2. Stored intracardiac electrocardiogram in an
implantable cardioverter-defibrillator (ICD) implanted in a
patient with Brugada syndrome showing an episode of
ventricular fibrillation, which was successfully defibrillated
within 6 seconds of its onset by an electric shock of 14 J
(arrow) delivered by the ICD
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Fig 3. Kaplan-Meier analysis of event-free survival during
prospective follow-up of 50 symptomatic and asymptomatic
Chinese patients with Brugada syndrome

ICD implantation died of SCD, whereas the remaining five
patients had a total of 33 arrhythmic events that were
successfully defibrillated by 1CD during the follow-up period
and remained alive at the last follow-up (Fig 2). All group C
patients remained asymptomatic (event rate 0%; 95% Cl,
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Fig 4. Mutations identified in Chinese patients with Brugada
syndrome in the present study depicted on the predicted
topology of the SCN5A protein

B Genecarrier

A B )
(60years) | (58 years) [ Non-genecarrier

¢ mom o oo ¢

(36 years)

(35 years) (30 years) (30 years) (33 years) (31 years)

——=V1 ol vi £ V1l i V1
| el vo X L yhdava kit iV

v it [ R

A C D E

Fig 5. A case of Brugada syndrome with an autosomal
dominant mode of inheritance and variable penetrance

Top: Pedigree of a proband with SCN5A-A226V mutation. Square
indicates male; circle indicates female; ages in brackets.

Bottom: Electrocardiogram (V,-V,) of the proband (A) and his
three children who carry the same mutation (C-E) at baseline (left
tracing) and after intravenous flecainide challenge (right tracing).
Note that only the proband demonstrates the Brugada
electrocardiogram phenotype

0%-12%) over a mean follow-up period of 25 (SD, 11)
months (Fig 3). The positive and negative predictive values
of inducible ventricular arrhythmia during PES for future
arrhythmic events were 38% and 100%, respectively, among
symptomatic patients and 0% and 100%, respectively,
among asymptomatic patients.

Genetic analysis

Four different amino acid substitutions (A226V, H681P,
V1951L, R1193Q) in the open reading frame of the SCN5A
gene (Fig 4) were identified in five (14%) of 36 probands
(two symptomatic and three asymptomatic). None of the
500 controls (1000 chromosomes) carried the same DNA
alterations. In a genetic evaluation of family members of
the proband with the A226V mutation, three of his six

Brugada syndrome in Chinese patients

asymptomatic children were found to carry the same SCN5A
mutation; yet, only the proband showed a Brugada ECG
phenotype (Fig 5). All these newly identified missense
mutations involved highly conserved residuesimportant for
sodium channel function. However, to exclude the presence
of rare polymorphism, we undertook functional char-
acterisation. The available data for HE81P confirm the loss
of sodium current, which is compatible with a Brugada
syndrome phenotype.t!

Discussion

In the past decade, Brugada syndrome has emerged as an
increasingly important cause of SCD affecting both adult
and paediatric patients without structural heart disease.’>
Brugada syndrome may be diagnosed when the characteristic
ECG patternisrecognised and when structural heart diseases
or other causes of asimilar ECG pattern are ruled out.™
However, dynamic changes or even transient normalisation
of the ST segment may obscure the correct diagnosis.
Flecainide—a strong sodium channel blocker—has been
used successfully in FCT to unmask the syndromein affected
patients who had normal or borderline baseline ECGs.*¢ In
18 of the 50 patients enrolled in this study, the typical
Brugada ECG pattern and the diagnosis of Brugada
syndrome were uncovered by FCT. Although this test is
useful, it is not without risk.r It should only be performed
in the appropriate setting (eg a coronary care unit), where
close cardiac and haemodynamic monitoring, as well as
emergency resuscitation facilities, are available. Local
experience with FCT showed that three of 26 patients who
underwent FCT developed unifocal premature ventricular
complexes, but none had sustained ventricular arrhythmias
during or after the test.®®

Few studiesin the medical literature have reported the
clinical profile or genetic basis of this syndrome among
patients of different ethnic origins.*>141%2! To date, thisis
the first prospective clinical and genetic evaluation of
Brugada syndrome in alarge cohort of Chinese patients.

Brugada syndromeis not rare in the Chinese
population

Since Brugada syndrome was first described in the medical
literature in 1992, it has been found in most parts of the
world. In Asia, it is a prevalent disease in Japan and
Thailand.?°?* However, it has been described rarely in
Chinese patients, even though the Chinese population
accounts for one fifth of the global population. Teo et al®
reported the first three Chinese patients with Brugada
syndromein 1998. Thisreport wasfollowed by afew isolated
case reports and a small series on Brugada syndrome in
Chinese.”*? In Hong Kong, which has a population of 7
million, of which 95% are Chinese, Brugada syndrome was
virtually unknown before 1999. In this study, 50 Chinese
patients with Brugada syndrome were identified in seven
local regional public hospitals within just 2.5 years of
enrollment. Considering these seven regional hospitals serve

Hong Kong Med JVol 10 No 1 February 2004 35



Mok et a

atotal Chinese adult population of 2.5 million, the preva-
lence of Brugada syndrome is estimated to be no less than 2
per 100 000 adult Chinese population. Thisfinding suggests
that Brugada syndrome among the Chinese population is
not as rare as previously thought, and is underreported.
Notably, in one patient who presented with recurrent syncope
inthe 1980s and ventricular fibrillation in 1989, the Brugada
ECG pattern was not recognised until 1999 when Brugada
syndrome was retrospectively diagnosed as the cause of his
ventricular fibrillation.® The significant number of patients
with Brugada syndrome found during the study period most
likely reflects an improvement in the diagnosis of the
syndrome within the local medical community.

Arrhythmic events during follow-up

Akin to the worl dwide experience that symptomatic patients
with Brugada syndrome have a poor prognosis without
treatment, 412! symptomatic Chinese patients with Brugada
syndromein our series had a high likelihood of arrhythmia
recurrence within 3 years of diagnosis. One half of survivors
of SCD and 17% of those who had syncope had new
arrhythmic events over a mean follow-up period of 30 and
25 months, respectively. Furthermore, one patient who had
recurrent syncope and inducible ventricular arrhythmia
on PES refused ICD implantation and died of SCD
subsequently. All 33 recurrent new arrhythmic events oc-
curring in five symptomatic patients were documented to
be polymorphic ventricular tachycardia or ventricular
fibrillation and were successfully defibrillated by 1CD. In
one patient, a SCD survivor, ventricular fibrillation did not
recur until 12 years after hisindex cardiac arrest.?? These
observationsare consistent with findingsthat 1CD iseffective
in preventing SCD in Brugada syndrome, and support the
current practice that patients with Brugada syndrome who
have survived SCD or have had syncope of unknown origin
should receive |CD implants for maximal protection.?2 The
possibility of late arrhythmia recurrence implies that life-
long ICD protection in these high-risk patientsiswarranted.

In contrast to the poor prognosis we found in symp-
tomatic Chinese patients with Brugada syndrome, our data
suggest that asymptomatic Chinese patients who dem-
onstrate the Brugada ECG pattern enjoy a benign short-
term prognosis (no arrhythmic event in 25 months)
irrespective of the results of PES. In the literature, data on
the prognosis of asymptomatic patients with Brugada
syndrome are mixed. Although Brugada et a** reported that
asymptomatic patients have 8% chance of developing
arrhythmic events over 27 months of follow-up and deserve
more aggressive treatment if they are inducible into ventri-
cular arrhythmiain PES, our findings are more in agreement
with the data from Priori et a*° and Atarashi et al,* and lend
support to amore conservative approach in managing asymp-
tomatic cases unless clinical arrhythmiais documented.

Therole of PES in predicting arrhythmiarecurrence in
Brugada syndrome has been a subject of controversy in the
past few years. Whereas Brugada et al? concluded that
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having inducible ventricular arrhythmia on PES is a good
clinical predictor for future arrhythmic events, their results
were not reproduced by other groups.#% It is noteworthy
that the inducibility of ventricular arrhythmias during PES
islargely dependent on the aggressiveness of the stimulation
protocol. In our study, although the results of PES are not
directly comparable between symptomatic and asymp-
tomatic groups because different stimulation protocols were
used, the low positive predictive values but very high
negative predictive values in both groups suggest that
inducibility of ventricular arrhythmiasin PES have limited
power in predicting future arrhythmic events; non-
inducibility is quite reassuring. However, aword of caution
must be noted. As the predictive values of PES vary when
new arrhythmic events occur in more patients as the follow-
up period lengthens, it might be premature to draw any solid
conclusion at this juncture on the predictive values of PES
when patients were followed up for only 2 to 3 years.

Genetic heterogeneity of Brugada syndrome among
Chinese patients

M utation of the sodium channel gene SCN5A in chromosome
3 has been implicated as the underlying cause of Brugada
syndrome.®* Genetic analysis to look for SCN5A mutations
as adiagnostic test for Brugada syndrome is limited by its
low sensitivity. Such a genetic defect was found in only
14% of Chinese probandsin thisstudy. Thisfigureissimilar
to 15% (8 of 52 probands) reported by Priori et al*® and
suggests that genes other than SCN5A are implicated in the
Brugada syndrome (ie genetic heterogeneity). Recent studies
have shown that SCNSA mutation is not specific for Brugada
syndrome: it may & so be found in patients with the LQT3
subtype of congenital long QT syndrome* and with
progressive cardiac conduction disease.?® Syndromes with
overlapping phenotypes due to a single SCN5A mutation
have al so been reported.?® Whileit isasyet unknown whether
the presence of a SCN5A mutation might have any prog-
nostic significance, and what the functional consequences
of such genetic abnormalities are, it is interesting to note
that none of the SCD survivors in this study carried an
SCN5A mutation, and only one of the five mutation carriers
had an arrhythmic event during follow-up. Brugada
syndrome has been described as an inheritabl e disease with
an autosomal dominant mode of inheritance and a variable
penetrance.® This observation is supported by our findings
in a genotyped family in which three of the six (50%)
asymptomatic children of a symptomatic proband who
carried the SCN5A-A226V mutation carried the same
mutation, but none of them exhibited the Brugada ECG
pattern at baseline or after flecainide challenge (Fig 5).
Functional characterisation of this SCN5A mutant in the
future may help to clarify this intriguing differential
phenotype-genotype correlation within the same family.

Conclusions

The HK-IN-PACE Brugada Registry has provided data on
the clinical profile and genetic basis of Brugada syndrome



in alarge cohort of Chinese patients. The resultsillustrate
that Brugada syndrome is not rare among the local Chinese
population. Its rarity in the past was largely because of its
underdiagnosis. Brugada syndrome should therefore be
considered as a differential diagnosis in healthy Chinese
adults who present with syncope or cardiac arrest, parti-
cularly when patients have afamily history of SCD. Chinese
patients with Brugada syndrome who have survived SCD
or who have a history of syncope have a high chance of
arrhythmiarecurrence, whereas asymptomatic patients enjoy
a good short-term prognosis. We found four missense
mutations in five of the 36 probands. The prevalence of
SCN5A mutation is thus 14% among local Chinese
patients with Brugada syndrome. Ongoing functional char-
acterisation of these four mutations will help to clarify
their roles in the pathogenesis of Brugada syndrome.
Finally, Chinese patients with Brugada syndrome share
with their western counterparts similar clinical and genetic
heterogeneity. Findings of this study lend support to the
current belief that Brugada syndromeis aubiquitous disease
and that ST-segment elevationin leadsV, toV,; with or with-
out right bundle branch block in the absence of structural
heart disease is an ECG marker for SCD, irrespective of
the ethnic origin of the affected patients.
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