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Case Report
A SCN5A gene mutation (¢.1768 A>C, p.K590Q)
in a patient with Brugada syndrome: a case report
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Abstract: Background: Brugada syndrome (BrS) is an arrhythmia disorder most commonly associated with loss-of-
function variants in the SCN5A gene. We report a 33-year-old man presenting with spontaneous type-1 BrS electro-
cardiographic (ECG) pattern and recurrent syncope. Case summary: Sequencing revealed a heterozygous SCN5A
variant, ¢.1768 A>C (p.K590Q), which was absent from the Human Gene Mutation Database (HGMD), gnomAD
(allele frequency 0.000004), ClinVar, and the 1000 Genomes database. The substituted lysine is highly conserved
across species (HomoloGene) and resides in the domain II-lll linker at the extracellular pore entrance. In silico
analyses (PolyPhen-2 and MutationTaster) predicted a deleterious effect. Following implantation of an implantable
cardioverter-defibrillator, the patient has remained asymptomatic for 14 months. The same variant was detected
in his 6-year-old son, who currently shows no ECG abnormalities. Conclusion: The SCN5A ¢.1768 A>C substitution
represents a novel, ultra-rare missense change variant. Its evolutionary conservation, predicted pathogenicity, and
familial segregation support a probable association with BrS, warranting further functional characterization.
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Introduction

Brugada syndrome (BrS) is a rare autosomal
dominant cardiac ion channel disorder charac-
terized by the absence of structural cardiac
abnormalities and the presence of distinctive
electrocardiographic (ECG) features. These
include a coved or saddleback-type ST-segment
elevation in leads V1-V3, with or without right
bundle branch block, and are often accompa-
nied by polymorphic ventricular tachycardia,
ventricular fibrillation, recurrent syncope, and a
high risk of sudden cardiac death, especially
among young and middle-aged men [1-3]. BrS
accounts for approximately 4% of all sudden
death and about 20% of sudden deaths in indi-
viduals without structural heart disease, with
sudden death being the initial manifestation in
many patients, making prevention and treat-
ment particularly challenging [4].

With advances in molecular genetics, several
genes have been implicated in the pathogene-
sis of BrS, among which SCN5A, as a gene
encoding the a-subunit of the cardiac sodium

channel, is the most commonly affected. Mu-
tations in SCN5A accounts for about 20%-25%
of BrS cases [5, 6]. Such mutations can lead to
sodium channel dysfunction, affect the depo-
larization and repolarization of cardiomyocytes,
and lead to ECG abnormalities and predispose
individuals to ventricular arrhythmias [7].

In this case report, we describe a patient with
BrS carrying a rare SCN5A mutation (c.1768
A>C), which is rarely reported, with no prior
case analysis. Through genetic testing, in silico
functional prediction, and comprehensive anal-
ysis of the patient’s clinical data, ECG findings,
and family history, we aim to elucidate the rela-
tionship between this rare SCN5A gene muta-
tion and BrS, providing new insights for its pre-
vention, diagnosis, and treatment.

Clinical data

A 33-year-old male was admitted to Jincheng
People’s Hospital on June 6, 2022. The family
consisted of five members across three genera-
tions, with no consanguinity among relatives.
The patient’s father had a history of recurrent
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Figure 1. Family pedigree. Note: [J] affected male
(suspected); @ unaffected female; [ ] unaffected
male; / deceased, and the arrow indicates the pro-
band.

syncope and died suddenly in his sleep at the
age of 44 years. Written informed consent was
obtained from the patient and his family mem-
bers. The family diagram is shown in Figure 1,
where 1l-1 denotes the proband and IlI-1
denotes his son. After obtaining consent, both
-1 and IlI-1 were enrolled in this study for
genetic and clinical evaluation.

The proband (lI-1), a 33-year-old male, was
admitted to the hospital for evaluation of a sin-
gle episode of syncope. At approximately 9:00
p.m.onJune 4, 2022, he experienced dizziness
and sweating triggered by emotional stress
while using his mobile phone. Within seconds,
he lost consciousness and collapsed, without
chest tightness, chest pain, dyspnea, limb
twitching, or tongue biting. The episode lasted
about 10 seconds, after which he regained full
consciousness and was able to communicate
normally. He presented to a local emergency
department but did not receive specific treat-
ment, and no recurrent episodes occurred. On
June 6, 2022, he was referred to our hospital
for further evaluation.

His past medical history was unremarkable,
with no similar episodes and no history of hy-
pertension, hyperthyroidism, coronary heart
disease, or diabetes. On physical examination,
he was alert and oriented. No lymphadenopa-
thy was detected. Pulmonary auscultation re-
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vealed clear breathing sounds bilaterally.
Cardiac examination showed normal cardiac
borders, a regular rhythm at 76 beats per min-
ute, and no murmurs. The abdomen was flat
and soft without tenderness or rebound tender-
ness, rebound pain, or shifting dullness. No
edema of the lower extremities was noted, and
the neurological examination was unremark-
able. Laboratory tests, including complete rou-
tine blood testing, urinalysis, routine stool
exam, liver and renal function, electrolytes, and
cardiac enzymes, were all within normal limits.
ECG showed sinus rhythm with ST-segment
elevation in leads V1-V3 and type 1 Brugada
pattern in the right precardiac leads (coved-
type ST-segment elevation =22 mm followed by
an inverted T wave) (Figure 2A). Brain CT and
EEG examination showed no abnormalities.

Although the presentation appeared to be “sim-
ple syncope”, several features supported BrS:
(D The syncopal episode occurred abruptly
without prodromal symptoms, lasted less than
<10 s, and was followed by rapid recovery-fea-
tures consistent with an arrhythmic rather than
reflex or orthostatic mechanism. @ The patient
was a 33-year-old man, belonging to the demo-
graphic group in which BrS shows the highest
penetrance and in which sudden cardiac death
frequently represents the first manifestation.
3 A 12-lead ECG obtained in the emergency
department revealed spontaneous coved-type
ST-segment elevation 22 mm in V1-V2 followed
by inverted T waves, fulfilling the 2013 HRS/
EHRA/APHRS diagnostic criteria for a sponta-
neous type-1 Brugada ECG pattern. According
to these guidelines, a single syncopal episode
in the presence of a spontaneous type-1 ECG is
sufficient for a clinical diagnosis of BrS and
warrants risk stratification for sudden cardiac
death (Class | recommendation).

The family history further reinforced suspicion:
the patient’s father had experienced recurrent
unexplained syncope and died suddenly during
sleep at the age of 44, findings highly sugges-
tive of familial sudden cardiac death. This
prompted us to consider an inherited arrhyth-
mia syndrome rather than a benign cause.

A systematic evaluation excluded common
mimics. Fever, hyperkalaemia, early repolariza-
tion, right ventricular ischemia, and structural
heart disease were ruled out based on normal
biochemical tests, negative cardiac enzyme
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Figure 2. Electrocardiogram of proband (lI-1). A. ECG at admission: ST segment elevation in leads V1-V3, showing
type 1 Brugada wave; B. ECG reexamination at 3 months after surgery: normal range.

results, unremarkable EGC, and a normal car-
diac MRI. An ajmaline challenge was therefore
deemed unnecessary, as the patient already
displayed a spontaneous type-1 ECG pattern.

Based on the patient’s medical history, family
history, clinical manifestations, and ECG find-
ings, a diagnosis of BrS was established. Given
the syncopal episode and the high risk of recur-
rence and sudden cardiac death (SCD), the
patient met the indications for cardioverter-
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defibrillator (ICD) implantation. After confirming
the absence of contraindications and obtaining
informed consent from the patient and his fam-
ily, and ICD was successfully implanted. The
postoperative ECG is shown in Figure 2B.

BrS is inherited in an autosomal-dominant pat-
tern with variable penetrance, meaning that
first-degree relatives carry an approximately
50% a priori risk of carrying the pathogenic vari-
ant. Early identification of carriers enables

Am J Transl Res 2025;17(10):8375-8383
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Figure 3. Dynamic electrocardiogram of Ill-1.

appropriate lifestyle counselling, fever manage-
ment, and long-term rhythm surveillance. After
obtaining informed consent, a 12-lead ECG and
24-h Holter monitoring were performed on the
patient’s 6-year-old son (lll-1). Although he was
asymptomatic, his Holter recording showed
decreased heart rate variability (Figure 3), sup-
porting the decision to proceed with genetic
testing. The Holter analysis recorded 23 hours
and 47 minutes of monitoring, with a total of
147,421 heart beats, an average heart rate
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102 bpm (70-151 bpm), and no pauses exceed-
ing 3.0 seconds. The report concluded: (1)
Sinus rhythm without abnormal ST-T changeg;
and (2) decreased heart rate variability.

Experimental methods
Gene sequencing

Gene sequencing was performed on the patient
(II-1) and his son (llI-1) to confirm the molecular
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diagnosis. According to the 2022 HRS/EHRA/
APHRS expert consensus, in patients with
a definite diagnosis of BrS and a document-
ed arrhythmic event (syncope, ventricular
tachycardia/fibrillation), tier-1 genetic test-
ing should begin with the major disease
gene SCNSA, which accounts for 20-25% of BrS
probands. Extended panel testing (SCN1B-
SCN4B, GPD1L, CACNA1C, CACNB2B, etc.) is
recommended only when SCN5A testing is neg-
ative. Because our patient fulfilled the diagnos-
tic criteria for BrS (type-1 ECG pattern plus syn-
cope) and comprehensive multigene sequenc-
ing were not covered by the local insurance
system, we followed the stepwise testing algo-
rithm and restricted initial analysis to the
SCNDbA gene. Peripheral venous blood samples
(5 ml) from II-1 and IlI-1 were collected in EDTA
anticoagulant tubes. Genomic DNA was extract-
ed from leucocytes using standard protocols.
Although leukocytes are electrically non-excit-
able, they contain the identical germline DNA
as cardiomyocytes; therefore, Sanger sequenc-
ing of PCR-amplified exons reliably detects vari-
ant present in cardiac tissue. This approach
represents the standard of care for hereditary
cardiac channelopathies and has been validat-
ed in over 1,000 BrS families.

PCR amplification of the SCN5A coding region
was performed using specific primers, and the
resulting products were subjected to Sanger
sequencing. The sequencing data were com-
pared with the SCN5A reference sequence in
the NCBI GenBank database to identify patho-
genic variants.

Conservation and pathogenicity analysis

To evaluate the evolutionary conservation of
SCNbA gene mutations across species, homol-
ogous SCNHA sequences were retrieved from
the NCBI HomoloGene database. The conser-
vation status of mutation sites was compared
among humans and other species. Pathoge-
nicity prediction was performed using the
PolyPhen-2 and Mutation Taster.

Protein structure modeling

To assess the potential structural impact of the
variant, the linear topological information of the
sodium channel a-subunit was obtained from
the UniProt database. Based on the SCN5A
sequence and an appropriate structural tem-
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plate, homology modeling was conducted using
the Swiss-Model server. The resulting three-
dimensional protein structure of the mutant
channel was visualized and analyzed with
PyMOL version 1.0.

Results

Genetic testing results revealed that both the
proband and his son carried a heterozygous va-
riants in the SCN5A gene (NM-001099404.2):
c.1768 A>C (p.K590Q) (Figure 4A). Sanger
sequencing confirmed a heterozygous nucleo-
tide substitution in exon 12, where adenine (A)
was replaced by cytosine (C) at position 1768,
converting the lysine codon (AAG) at position
590 into a glutamine codon (CAG), resulting in
the missense mutation p.K590Q. This variant
has not been reported in the HGMD, 1000
Genome Project (1000G), EXAC, or other public
variant repositories. Its allele frequency in the
gnomAD database is low (0.000004031). The
clinical significance of this variant is listed as
“uncertain” in Clinvar and dbSNP. Further con-
servation analysis showed that the affected
amino acid residue is highly conserved across
various species (Figure 4B). In silico pathoge-
nicity prediction supported a likely deleterious
effect: PolyPhen-2 classified the variant as
“probably damaging” (score = 0.997, sensitivity
= 0.41; Specificity = 0.98), while Mutation
Taster software predicted it to be “disease-
causing” (score = 0.9998). According to the
American College of Medical Genetics and
Genomics (ACMG) guidelines [8], the pathoge-
nicity of this variant was assessed as “uncer-
tain significance (VUS)”, based on supporting
evidence from computational and phenotypic
data (criteria PP3 + PP4).

SCNbA encodes a large transmembrane pro-
tein consisting of 2016 amino acid residues.
The protein comprises four homologous do-
mains (I, I, Ill, IV), each with five hydrophobic
fragments (S1, S2, S3, S5, S6) and a positively
charged fragment (S4). The N-terminus, three
interdomain linkers (I-11, lI-11l, and llI-1V), and the
C-terminus connect these domains. In each
domain, segments S1-S4 form the voltage-
sensing domain, while helices S5 and S6 con-
stitute the pore-forming domain [7]. Protein
topology and three-dimensional modeling dem-
onstrated that the variant residue (p.K590Q) is
located on the extracellular side of the trans-
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the core function or structural
stability of proteins; mutations
at such sites may disrupt nor-
mal protein folding or ion con-
duction, potentially leading to
disease [11]. Therefore, the
high conservation of this locus
suggests evolutionary impor-
tance and possible functional
relevance.

In addition, several bioinfor-
matics tools (PolyPhen-2 and
Mutation Taster) predicted that
the mutation site is likely path-
ogenic, further supporting its
potential association with BrS
[12]. Mutations in SCN5A rep-
resent the most common ge-
netic cause of BrS. The Navl.5

® Human  GTSAPGHALHGKKNSTVDCNGVVSLL
mouse GTSAPGHVLNGKRNSTVDCNGVVSLL
Bovine  GTSTPGHVLNGKRNSTVDCNGVVSLL

zebrafish  SQFFFPSFNINGKLMVAVEQNGISSQG

Figure 4. Sanger Sequencing (A) and Species Conservation (B).

membrane channel within the domain II-1ll link-
er (Figure 5A). The 3D structure model sug-
gests that this variant site is involved in the
formation of the sodium ion conduction pore
(Figure 5B), potentially affecting transmem-
brane Na* transport.

Discussion

This study reports a 33-year-old male patient
diagnosed with BrS. Genetic sequencing identi-
fied a heterozygous SCN5A variant, c.1768 A>C
(p.K590Q), in both the patient and his son,
resulting in the substitution of lysine with gluta-
mine at position 590 of the encoded protein.
Although this variant was classified as having
uncertain significance according to the ACMG
guidelines, it remains clinically noteworthy [9].
Conservation analysis showed that the ¢.1768
A>C variant site is highly conserved across spe-
cies, indicating that this site is critical to the
function of the Nav1.5 channel [10]. Highly con-
served amino acids are often closely related to
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channel encoded by SCN5A is
responsible for the initiation
and propagation of the action
potential in cardiomyocytes. A
¢.1768 A>C mutation may im-
pair sodium channel function,
alter Na* transmembrane tran-
sport, and modify the electro-
physiological characteristics of
cardiomyocytes. These chang-
es could shorten the action
potential duration and promote early repolar-
ization, thereby increasing the risk of ventricu-
lar arrhythmia, which is consistent with the
known pathophysiology of BrS [13]. Although
the association between SCN5A gene mutation
and BrS is well established, the specific effects
of individual variant sites on Nav1.5 channel
function differ substantially.

To determine the novelty of the p.K590Q vari-
ant, we queried the HGMD Professional data-
base (release 2024.03), ClinVar (2024.02) and
the Japanese multicentre BrS registry, which
includes 1,187 unique SCN5A missense vari-
ants. None of these records contained a substi-
tution at codon 590. The three adjacent vari-
ants - p.R589H, p.E591K, and p.F592S - also
reside in the same cytoplasmic IlI-lll linker and
have been reported to impair fast inactivation
or enhance the late sodium current. In contrast,
¢.1768 A>C replaces a positively charged lysine
with an uncharged, polar glutamine, a chemical
change not previously modelled. Thus, the p.

Am J Transl Res 2025;17(10):8375-8383
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Figure 5. Protein topology and 3D structure modeling. A. Protein topology: The mutant residue is located on the
extracellular side of the transmembrane protein within the linker between domains Il and lll, as indicated by the red
arrow. B. 3D structural modeling: mutation site participates in the formation of Na* channel pores.

K590Q substitution expands the known muta-
tional spectrum of the IlI-lll linker from three to
four functionally distinct residues and repre-
sents a previously unreported pathogenic can-
didate. Consistent with previous research
results, the ¢.1768 A>C mutation has not been
reported in any existing literature or genetic
databases, suggesting that it may be a rare
mutation [14].

In this study, the mutant amino acid was locat-
ed on the extracellular side of the transmem-
brane protein, specifically within the linker
between domains Il and Ill. This region con-
nects adjacent voltage-sensing domains and
plays a crucial role in maintaining the overall
conformation and gating mechanism of the
sodium channel. Three-dimensional structural
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modeling revealed that the mutation site lies
near the pore-forming region of the Na* chan-
nel, suggesting a potential effect on sodium ion
transmembrane transport [15]. The amino acid
substitution (lysine to glutamine) caused by
¢.1768 A>C mutation likely alters the chemical
properties and spatial conformation of the
SCN5A-encoded Navl1.5 channel. This change
may affect Na* transmembrane transport and
cardiac electrophysiological processes through
the following reasons: D Lysine is a positively
charged amino acid, whereas glutamine is
uncharged; this alteration in local charge distri-
bution may affect the surrounding electric field,
thereby affecting the stability and permeability
of the Na* channel pore [16]. @ The mutation
may destroy the existing intermolecular interac-
tions, such as hydrogen bonds and salt bridges,

Am J Transl Res 2025;17(10):8375-8383
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resulting in subtle conformational instability of
the channel and reduced sodium transport effi-
ciency [17]. ® Because this mutation site lies
at the interface between the voltage-sensing
and pore domains, it may interfere with volt-
age-dependent gating, altering the activation
and inactivation kinetics of the channel. Such
disturbances could lead to abnormal prolonga-
tion or shortening of cardiomyocyte action
potential, thereby increasing the risk of arrhyth-
mia [18]. Yamagata et al. [19] reported that
SCN5A variation in the pore region are associ-
ated with a higher incidence of cardiac events,
which is consistent with our findings.

This study has several shortcomings. This study
only analyzed the SCN5A mutation in a single
BrS family, and the limited sample size restricts
the generalization of the results. At the same
time, genetic testing was conducted only in the
proband and his son. Because the patient was
an only child and both parents were deceased,
testing of the father was not possible, thereby
limiting confirmation of the inheritance pattern.
In future research, identification of the same
variant in more confirmed BrS patients would
help substantiate the pathogenicity of the
¢.1768 A>C mutation in the SCN5A gene, while
further in vitro and/or in vivo functional studies
are also warranted to further elucidate its elec-
trophysiological consequences [20].

In conclusion, we identified a heterozygous
SCN5A ¢.1768 A>C (p.K590Q) variant classi-
fied as of uncertain significance. The mutation
resides in a critical functional region of the
SCN5A gene and is highly conserved across
species. Both software prediction results and
conservative analysis supported the possibility
that the mutation is pathogenic. Therefore,
future in-depth study of this mutation will help
us understanding the relationship between
SCN5A gene mutation and BrS, thereby provid-
ing new insights for clinical diagnosis and
treatment.

Disclosure of conflict of interest
None.

Address correspondence to: Sancong Pan, Depart-
ment of Cardiology, Jincheng People’s Hospital,
Jincheng 048000, Shanxi, China. E-mail: Sancong-
pan89@hotmail.com

8382

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

Coppola G, Corrado E, Curnis A, Maglia G, Ori-
ente D, Mignano A and Brugada P. Update on
brugada syndrome 2019. Curr Probl Cardiol
2021; 46: 100454.

Marsman EMJ, Postema PG and Remme CA.
Brugada syndrome: update and future per-
spectives. Heart 2022; 108: 668-675.
Brugada P. Brugada syndrome: 30 years of sci-
entific adventure. Turk Kardiyol Dern Ars 2022;
50: 452-458.

Cerrone M, Costa S and Delmar M. The genet-
ics of brugada syndrome. Annu Rev Genomics
Hum Genet 2022; 23: 255-274.
Fogaca-da-Mata M, Martinez-Barrios E, Jimé-
nez-Montanés L, Cruzalegui J, Chipa-Ccasani F,
Greco A, Cesar S, Diez-Escuté N, Cerralbo P,
Zschaeck |, Clavero Adell M, Ayerza-Casas A,
Palanca-Arias D, Lopez M, Campuzano O, Bru-
gada J and Sarquella-Brugada G. Brugada syn-
drome and pulmonary atresia with intact inter-
ventricular septum: fortuitous finding or new
genetic connection? Genes (Basel) 2024; 15:
638.

Cai D, Wang X, Sun Y, Fan H, Zhou J, Yang Z,
Qiu H, Wang J, Su J, Gong T, Jiang C and Liang
P. Patient-specific iPSC-derived cardiomyo-
cytes reveal aberrant activation of Wnt/B-ca-
tenin signaling in SCN5A-related brugada syn-
drome. Stem Cell Res Ther 2023; 14: 241.
Remme CA. SCN5A channelopathy: arrhyth-
mia, cardiomyopathy, epilepsy and beyond.
Philos Trans R Soc Lond B Biol Sci 2023; 378:
20220164.

Richards S, Aziz N, Bale S, Bick D, Das S, Gast-
ier-Foster J, Grody WW, Hegde M, Lyon E, Spec-
tor E, Voelkerding K and Rehm HL; ACMG Labo-
ratory Quality Assurance Committee. Stand-
ards and guidelines for the interpretation of
sequence variants: a joint consensus recom-
mendation of the American college of medical
genetics and genomics and the association for
molecular pathology. Genet Med 2015; 17:
405-424.

Zhang J, Yao Y, He H and Shen J. Clinical inter-
pretation of sequence variants. Curr Protoc
Hum Genet 2020; 106: €98.

Brunklaus A, Feng T, Briinger T, Perez-Palma E,
Heyne H, Matthews E, Semsarian C, Symonds
JD, Zuberi SM, Lal D and Schorge S. Gene vari-
ant effects across sodium channelopathies
predict function and guide precision therapy.
Brain 2022; 145: 4275-4286.

Joviano-Santos JV, Santos-Miranda A, Neri EA,
Fonseca-Alaniz MH, Krieger JE, Pereira AC and
Roman-Campos D. SCN5A compound hetero-
zygosity mutation in Brugada syndrome: func-
tional consequences and the implication for

Am J Transl Res 2025;17(10):8375-8383


mailto:Sancongpan89@hotmail.com
mailto:Sancongpan89@hotmail.com

[12]

[13]

[14]

[15]

[16]

Novel SCN5A-K590Q causing Brugada syndrome

pharmacological treatment. Life Sci 2021;
278: 119646.

Denham NC, Pearman CM, Ding WY, Waktare
J, Gupta D, Snowdon R, Hall M, Cooper R, Modi
S, Todd D and Mahida S. Systematic re-evalua-
tion of SCN5A variants associated with Bruga-
da syndrome. J Cardiovasc Electrophysiol
2019; 30: 118-127.

Zhu J, Shen Y, Xiong H, Zha H, Zhang L, Peng H
and Tian L. Identification of a novel missense
SCN5A mutation in a Chinese han family with
brugada syndrome. Biochem Biophys Res
Commun 2023; 649: 55-61.

Katsaras D, Sanjeev Kumar BT, Patel B, Chalil
S and Abozguia K. A 59-year-old woman with
familial brugada syndrome and the c.664C>T
variant of the sodium voltage-gated channel
alpha subunit 5 (SCN5A) gene, accompanied
by congenital absence of the right coronary ar-
tery, patent foramen ovale, and ischemic
stroke. Am J Case Rep 2021; 22: €931535.
Zhu YB, Zhang JH, Ji YY, Hu YN, Wang HL, Ruan
DD, Meng XR, Lin XF, Luo JW and Chen W. Anal-
ysis of a family with brugada syndrome and
sudden cardiac death caused by a novel muta-
tion of SCN5A. Cardiol Res Pract 2022; 2022:
9716045.

Hu RM, Song EJ, Tester DJ, Deschenes |, Acker-
man MJ, Makielski JC and Tan BH. Expression
defect of the rare variant/Brugada mutation
R1512W depends upon the SCN5A splice vari-
ant background and can be rescued by mexi-
letine and the common polymorphism H558R.
Channels (Austin) 2021; 15: 253-261.

8383

(17]

[20]

Zaytseva AK, Boitsov AS, Kostareva AA and
Zhorov BS. Possible interactions of extracellu-
lar loop IVP2-S6 with voltage-sensing domain
Ill'in cardiac sodium channel. Front Pharmacol
2021; 12: 742508.

Korlipara H, Korlipara G and Pentyala S. Bru-
gada syndrome. Acta Cardiol 2021; 76: 805-
824.

Yamagata K, Horie M, Aiba T, Ogawa S, Aizawa
Y, Ohe T, Yamagishi M, Makita N, Sakurada H,
Tanaka T, Shimizu A, Hagiwara N, Kishi R, Na-
kanoY, Takagi M, Makiyama T, Ohno S, Fukuda
K, Watanabe H, Morita H, Hayashi K, Kusano
K, Kamakura S, Yasuda S, Ogawa H, Miyamoto
Y, Kapplinger JD, Ackerman MJ and Shimizu W.
Genotype-phenotype correlation of SCN5A mu-
tation for the clinical and electrocardiographic
characteristics of probands with brugada syn-
drome: a japanese multicenter registry. Circu-
lation 2017; 135: 2255-2270.

Lee S, Zhou J, Chung CT, Lee RQY, Bazoukis G,
Letsas KP, Wong WT, Wong ICK, Mok NS, Liu T,
Zhang Q and Tse G. Comparing the perfor-
mance of published risk scores in brugada
syndrome: a multi-center cohort study. Curr
Probl Cardiol 2022; 47: 101381.

Am J Transl Res 2025;17(10):8375-8383



