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Brugada syndrome, an arrhythmogenic disease, occurs due to mutations
involving cardiac sodium channels. It is characterized by persistent or transient
ST-segment elevation in the right precordial electrocardiogram leads that could
be unmasked by several circumstances, with fever particularly. Molecular and
cellular mechanisms leading to Brugada syndrome have not been completely
elucidated. Mutations of the SCN5A gene encoding the pore-forming α-subunit
of the cardiac sodium channel protein have been attributed in the molecular
diagnosis. Although this syndrome is well-known in adults, it is less frequently
reported in infants and children. We describe a 9-year-old Turkish boy with
a family history of sudden cardiac death, who presented with chest pain and
fever-induced expression of the Brugada syndrome phenotype that might be
associated with a mutation in SCN5A gene.
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Brugada syndrome (BrS) is a rare arrhythmogenic
disease with a high risk of life-threatening
ventricular dysrhythmias and sudden cardiac
death (SCD) with no underlying structural heart
disease.1 It is characterized by a typical pattern
of ST-segment elevation in the right precordial
leads on an electrocardiogram (ECG).1,2 This
syndrome is a channelopathy leading to loss
of function of the voltage-gated cardiac sodium
channel.3,4 Although this syndrome is wellknown in adults, it is less frequently reported
in infants and children. 5 There is limited
information about the prevalence, clinical
presentation, and prognosis of BrS in pediatric
patients.6 It is probably underdiagnosed due
to dynamic and variable changes on ECGs
and the clinical spectrum that can range from
asymptomatic to SCD at first presentation.3,6,7
ECG patterns of BrS can be revealed by fever,
drugs such as sodium channel blockers,
vagotonic agents, tricyclic antidepressants, and
electrolyte abnormalities.4-6,8,9 Fever was found
to be the most common precipitating factor
for ventricular dysrhythmias in a pediatric case
series with BrS.6

Although the molecular and cellular
mechanisms leading to BrS have not been
completely elucidated, mutations of the SCN5A
gene encoding the pore-forming α-subunit
of the cardiac voltage-dependent sodium
channel have been attributed in the molecular
diagnosis. 4,5,10 The genetic origin can be
confirmed in approximately 10-30% of patients,
by the identification of mutations in the
SCN5A gene.2,6,9 More than 80 mutations have
been discovered, leading to many different
phenotypes.3 In this report, we describe our
experience in a 9-year-old boy with the BrS
phenotype leading to typical ECG changes and
chest pain during fever. A mutation in SCN5A
gene was also discovered in the child.
Case Report
A 9 - y e a r- o l d b o y w h o w a s p r e v i o u s l y
healthy, presented to the pediatric emergency
department complaining of acute chest pain
accompanied by fever. He stated that he had
a sore throat for 2 days with intermittent
chills and fever. Then he had chest pain in
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Fig. 1. ECG findings of the patient in the emergency department. V1–V6 extracted from a 12-lead ECGs. A) Coveshaped ST segment elevations larger than 2 mm (long arrow) in leads V1 to V2, which are followed by negative T
waves (short arrow) when the patient had fever.
B) Complete resolution of the ECG changes in the ST and T waves after the fever state.

the 24 hours before admission. His pain was
intermittent, compressive, non-radiating, and
could not be reproduced with deep inspiration
or movement. He had no nausea, vomiting,
or diaphoresis. His past medical history was
unremarkable with no previous history of
dysrhythmia, chest pain or syncope episodes.
On physical examination, he appeared well
with no acute distress. He had nasal congestion
and a red throat as clinical signs of an upper
respiratory tract infection. His vital signs were
as follows: body temperature 39.5°C, arterial
blood pressure 112/72 mmHg, heart rate
122/min, respiratory rate 18/min, and oxygen
saturation 100% in room air. His cardiovascular
examination was unremarkable except for
a mildly rapid regular heart rate. All other
examinations were also normal. Routine blood
biochemistry tests, electrolytes, and cardiac
enzymes (creatine kinase MB and troponin I)
were within normal limits. Telecardiography
was also normal. A 12-lead ECG examination
revealed coved-type ST-segment elevation
>2 mm in the right precordial V1–V2 leads
followed by negative T waves consistent with
type 1 BrS (Fig. 1A). After his temperature
returned to normal, the chest pain ceased, and
complete resolution of the changes in the ST
and T waves were observed on an ECG (Fig.
1B). Two-dimensional echocardiography did
not show any structural cardiac anomalies. The
patient was then referred to another pediatric
cardiology unit for further investigations. A type
1 BrS pattern developed on the ECG after a
drug challenge test with intravenous ajmaline
(a class IA sodium channel blocker). The family

history revealed that an uncle of the patient
(II-7, Fig. 2) had died suddenly while watching
a football match at the age of 25 years. The
first degree family members of the patient were
screened with clinical evaluation and ECG. No
family members showed baseline ECG patterns
suggestive of BrS. The ajmaline challenge test
was administered to family members to unmask
BrS and it was negative for his mother (II-5),
father (II-4), brother (III-1), aunt (II-6), and
an uncle (II-8) (Fig. 2).
Genetic analysis was carried out on the patient
and his family using peripheral venous blood.
Cytogenetic analysis of the patient (III-3)
revealed a 46, XYqh-karyotype with polymorphic
minor deletion on the heterochromatin region
of the long arm of the Y chromosome. SCN5A
(NM_198056.2) gene sequence analysis on
chromosome 3p22.2 of the patient revealed
homozygote c.1673A>G (rs1805124, p.H558R)
point mutation at exon 11 (Applied Biosystems
3130xl Genetic Analyzer, Foster City, CA, USA)
(Fig. 3). The same mutation was detected in
the heterozygous state in the father (II-4),
mother (II-5) and sibling (III-1) (Fig. 2).
Written informed consent was obtained from
the parents for publication of this case report
and any accompanying images.
Discussion
Brugada syndrome was first described by
Brugada P and Brugada J in 1992 as a new
cardiac electrical disease. It is characterized
by syncopal episodes or SCD in affected
individuals, and ECG demonstrates typical ST-
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Fig. 2. Pedigree of the family with H558R mutation on
SCN5A gene. The patient (III-3) was homozygous for
H558R mutation, while the father (II-4), mother (II-5),
and sister (III-1) was heterozygous for H558R. Drug test
-: absent of typical ECG findings of the BrS when ajmaline
was administered; drug test +: presence of typical ECG
findings of the BrS when ajmaline was administered.

segment elevations in the right precordial leads
with no structural heart disease or ischaemia.1
BrS is definitively diagnosed when a coved-type
ST-segment elevation is observed in more than
one right precordial lead in the presence or
absence of a sodium channel blocking agent,
and if one of the following criteria is present:
(1) documented ventricular fibrillation, (2)
polymorphic ventricular tachycardia, (3) a
family history of SCD at <45 years of age,
(4) coved-type ECGs in family members, (5)
ventricular tachycardia can be induced with
programmed electrical stimulation, syncope, or
nocturnal agonal respiration.5 A cove-shaped
ST elevation ≥2 mm followed by a negative T
wave is diagnostic for type 1 BrS. The patient
presented here had typical ECG findings for
BrS and chest pain in a febrile state and
had a family history of SCD at a young age.
Therefore, he was diagnosed as definite type
1 BrS unmasked by fever.
The diagnosis of BrS can be difficult in
childhood because it usually manifests as
dysrhythmia or SCD, especially in young
adults.1,3,5 In addition, patients with BrS may
have a normal resting ECG, and BrS alterations
on ECG can be unmasked by fever. It was
reported that type I Brugada ECG pattern was
20 times more common in febrile patients
than afebrile patients in an adult study.11 In
a pediatric case series with BrS, approximately
half of the syncopal events were precipitated
by fever. 6 As in the case presented here,
patients may not be diagnosed when fever is

Fig. 3. Mutation identification of SCN5A gene in the
patient. Electropherogram image of SCN5A gene sequence
analysis of the proband reveals homozygous change of
histidine to arginine at position 558.

not prominent and they are asymptomatic.
Despite the rarity of BrS in children, performing
an ECG seems to be rational in children with
chest pain during febrile state, especially when
there is a family history of SCD, as a simple
but diagnostic test for BrS. Aggressive fever
treatment with antipyretic agents and close
follow-up are critical for a patient with BrS to
prevent the induction of dysrhythmias.
Implantable cardioverter-defibrillator (ICD)
placement is the only effective treatment for
patients with symptomatic BrS who have
survived cardiac arrest or have a history
of syncope and documented ventricular
dysrhythmia. However, the management of
asymptomatic patients with type 1 BrS remains
controversial and risk stratification is required.5,7
It was reported that the risk of dysrhythmia
was higher in previously symptomatic children
and in those displaying a spontaneous ECG
pattern of type I BrS. Otherwise, prognosis was
favorable in asymptomatic children displaying
a BrS ECG pattern only after drug challenge
test.6 Therefore, ICD implantation was not
considered necessary in the presented case
because he was an asymptomatic young boy
with normal baseline ECG having displayed a
type I BrS phenotype only in a febrile state
and after sodium channel blockade. Quinidine
was started as a prophylactic therapy in the
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case. Although its use in children is limited
with small number of patients quinidine is
the only drug, which is effective in BrS, as an
alternative medical treatment or as a bridge to
ICD implantation.6,7,12
Myocardial action potentials are generated by
the sequential activation and inactivation of
ion channels that conduct inward Na+ and
Ca2+ ion currents and outward K+ ion currents
known as depolarization and repolarization,
respectively.13 Molecular cloning of the voltagegated cardiac channels has revealed a large
number of pore-forming (α) units responsible
for the ion current. Mutations in the cardiac
sodium channel gene, SCN5A, can cause a
broad spectrum of inherited and potentially
life-threatening arrhythmia syndromes such as
dilated cardiomyopathy, long QT syndrome, and
BrS, either causing defects in the channels or
on the membrane surface of cardiac cells by
changing its expression.10,14-16 Most of SCN5A
mutations cause an important loss-of-function
by reducing the voltage-gated Na current
available during the upstroke (phases 0) and
early repolarization (phase 1) of the cardiac
action potential in BrS. 4,9,13 Although the
relationship between fever and BrS phenotype
has been recognized, the molecular and cellular
mechanisms underlying the fever-induced BrS
phenomenon are not fully understood.4,17 An
expression study with mutant cardiac sodium
channels demonstrated a faster inactivation
and slower reactivation of the sodium channel
at higher temperatures, leading to further
loss-of-function of sodium channel current.18
Another experimental study suggested that the
temperature-dependent properties of wild-type
sodium channel itself might lead to the typical
BrS characteristics during fever. It was also
demonstrated that there was no association
between clinical manifestations of fever-induced
BrS and any specific mutation.4
It was previously reported that H558R
polymorphism presents in 19%-24% of the
human population either in the homozygote
or heterozygous state. 19,20 It has not been
attributed as a disease-causing mutation in the
Human Genome Mutation Database (HGMD).
On the other hand, this common polymorphism
was shown to be in the genetic background
of BrS along with other accompanying rare
mutations in the same gene by altering the
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biophysical effect of the mutation on the
channel protein.20,21 In this case, we report
a homozygote SCN5A-H558R mutation that
might be responsible for the defective gating
kinetics leading Brugada ECG phenotype
only in cases of fever or in a drug-induced
condition. The same mutation was detected
in the heterozygous state in his asymptomatic
father, mother, and sibling.
As a conclusion, although the diagnosis of BrS
is rare in the pediatric population it should
be considered in the differential diagnoses in
patients presenting with fever and chest pain,
especially when there is a family history of
unexplained sudden death. Fever can trigger
or exacerbate the clinical manifestations of
BrS, and should be treated aggressively due
to a higher risk of ventricular dysrhythmias
and SCD during febrile states. Genetic analysis
should also be performed to support the clinical
diagnosis in patients with a BrS-type ECG,
and to identify early relatives at potential risk.
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