DR. PATTARA RATTANAWONG (Orcid ID : 0000-0001-9419-5854)
DR. WASAWAT VUTTHIKRAIVIT (Orcid ID : 0000-0003-1701-9800)

DR. NARUT"PRASITLUMKUM (Orcid ID : 0000-0002-7956-0574)

Article type «: Original Article

SCN5A Mutation Increasesthe Risk of Major Arrhythmic Eventsin Asian Population

of+-Brugada Syndrome: Systematic Review and M eta-analysis

*PattaraRattanawonty, *Jirat ChenbhanichylD®, PoemlarpMekraksakitMD*, Wasawat
Vutthikraivit, MD®, PakawaiChongsathidkietMD®, NathLimpruttidham,MD, MPH!, Narut
PrasitlumkumMD*, Eugene H ChundviD, FACC’

! University of Hawaii InternalMedicineResidencyProgram, HonoluluH!l, USA

? FacultyofiMedicine Ramathibodiospital,Mahidol University, Bangkok,Thailand

3 Departmenbf InternalMedicine, MetrowestMedical Center,FraminghamMA, USA
* Departmenbf Medicine,Phramongkutkla€ollegeof Medicine, Bangkok, Thailand.
® DepartmenbfiMedicine, TexasTechUniversity HealthScienceenter, Tx, USA
®DepartmenbfRathology, Duke Univeity Medical Center,Durham,NC, USA

" DepartmenbfinternalMedicine, University of Michigan Medical School Michigan
Medicine,Ann Arbor, MIl, USA

*Contributed equally

Words: 5,597

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article

as doi: 10.1111/anec.12589

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/anec.12589�
https://doi.org/10.1111/anec.12589�

Financial Support : None

Conflict of Interest: Noneto declare

Addressfor correspondence:

PattaraRattanawong

1133WaimanusSt, #2007, HonoluluHI, 96814
(808)-859:3848

pattarar@hawaii.edu

Acknowledgement: We would like to thankAssociateProfessoAmmarin Thakkinstian,

Ph.D.for statisticalconsultation.

Abstract

Background: Brugada syndrome (B is aninheritedarrhythmic diseasknked toSCN5A
mutatiors. [t is controversial whetheéBCNSA mutation carrierpossess a greater riskrafjor
arrhythmic everst (MAE). We examinedhe association d8CN5A mutations and MAE in
BrS patients.

M ethods:We comprehensively searched the databases of MEDRWNEEMBASE from
inception to Septemb@017. Included studies were published cohad caseontrol studies
that comparedAE in BrS patients withand withoutSCN5A mutatiors. Data from each
study were combined using the randeffectsmodel. Gneric inverse variance method of

DerSimonian and Lairdias employedo calculateherisk ratios(RR) and 95% confidence
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intervals(Cl).

Results: Sevenstudies from March 2002 to October 2@¢&re includedX,049BrS

subjects) SCN5A mutatiors wereassociated wittMAE in Asianpopulations (RR=2.03, 95%
Cl: 1.37-3.00, p= 0.0004, =0.0%) patients who were symptomafiRR=2.66, 95% CI:
1.62-4.36, p=0.0001%$23.0%), andindividuals withspontaneous Type-1 Brugada pattern
(RR=1.84,95% Cl: 1.05-3.23, p=0.05:0.0%).

Conclusions: SCN5A mutatiors in BrSincreasedhe risk ofMAE in Asian populations,
symptomatic B patientsandindividuals withspontaneous Typ& Brugada patterur
study suggests th&CN5A mutation status should la@important toolfor risk assessment in

BrS patients

Keyword :"SCN5A, Brugada syndromenajor arrhythmicevents suddercardiacdeath,

genetic
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ICD implantable cardioverter defibrillator
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I ntroduction

Brugada syndrome (BrS), first described by Brugada &t &P92(Brugada &
Brugada, 1992)s an autosomal dominaitheritedarrhythmia syndromeharacterized by
ST-segment.elevation in the right precordeddswithout obvious evidence édchemia,
electrolyte disturbanseor structural heart diseadé predisposepatientsto major
arrhythmicsevents (MAEIncludingsustained ventricular tachycardia, ventricular fibrillation,
appropriatamplantale cardioveter defibrillator (ICD)shocks, aborted cardiac arrest, and
sudden‘cardiac deafBrugada & Brugada, 199Priori et al., 2013)There are geographic
differences. insth@revalence oBrS: it variesfrom 0.5 to 4 per D00 in Asiancountries such
asThailand, the Philippines, Japan, and Singapore (Rattanawong, Ngarmukos, et al., 2017
Rattanawong et al., 2016yhereas the prevalencdess tharD.2 per 1,000 in the @sern
hemispher¢Kamakura, 2013)t is more common in men and can be inducetelgr, with
the prevalence of feveénduced BrS of approximately 2-4% (Kamakura, 2(R&ttanawong
et al., 2016).

The 'most common identifiable genetiefectin BrSlies inthe SCN5A gene, which
encodes the-subunit of the NaV1.5 cardiac sodium channel and accounts for 14-26% of the
caseqChen et al., 1998ramagata et al., 2017). More tha@0 mutations inthe SCN5A gene
have been linked to the syndrome (Juang & Horie, 2016). Until now, the only pvevent
measure.for sudden cardiac deatBi8 is ICD implantation; thusisk stratification to select
the patient in whom ICD is appropriate is cru¢Rdobst et al., 2010). Yet, the useSaiNSA
mutation gatus to prognosticate the riskMAE in BrS patients has been controversial
(Adler et al.,2016) some studieshowed positive resul{dlakarawate et al., 201 Nishii et

al., 201Q Yamagata et al., 201Axhile otherdailed to correlate the mutation to subsequent
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MAE (Andorin et al., 2016Gehi, Duong, Metz, Gomes, & Mehta, 20@8iori et al., 2002
Probst et al., 2010Y.he goal of this systematic review and metelysisvas to examine the

association o8CN5A mutatiors andMAE in BrS patients.
M ethod
Search strategy

Two investigators (WV and PC) independently searched for published studies indexed
in MEDLINE and EMBASE databases from inception to September 2017 using a search
strategy that included the terms fACN5SA”, “mutation”, and “Brugada”. Only English
language publications were included. A manual search for additional pertundiessand

review aricles using referencdsom retrieved articlesvasalsocompleted
Inclusion criteria

The eligibility criteria included the following:

(2) Cohort study (prospective or retrospective) or case control study reporting the
incidenceof MAE in BrS patiens with and withouSCN5A mutatiors

(2) Calculation of elative risk, hazard ratio, odds ratio, incidence ratio, or standardized
incidence ratiawith 95% confidence intervals (CI) or provisionsuffficient raw data for

these calculations wepgovided.
3) Use ofBrS participants withouBCNSA mutatiors were used as controls.

Study-eligibility was independently determined by two investigatt€a6dPM) and
any dscrepanciesvere resolved by mutual consensus. Nestle Ottawa quality assessment
scale was used to evaluate each study’s quality. The scale uses a star system (0 to 9) to
evaluate three domains: recruitment and selection of the participants, similarity and
comparability between the groups, and ascertainment of the outcome of intemegt am

cohort studies. Higher scores represent higher study quality (Stang, 2010).

Data extraction

A standardized data collection form was used to obtain the following information
from each study: title of study, name of first author, year of study, year of publication,
country of origin, number of participants, demographic data of participants, method used to
identify cases and controls, methods used to diagnose the outcamtessst( SCN5A

mutationandMAE), methods to verifyf the variants were diseasausing and average
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duration of follow-up with confounders that werdjusted effect estimates with 98%and
covariates that were adjusted in the multivariable analysis.

To ascertain thaccuracy, all investigators independently performed this data
extraction process. Any data discrepancy was resolved by referring back to the original
articles.

Satistical analysis

We performed a metanalysis of the included cohort studies using a ranefiects
model. Theextracted studies were excluded from the analysis if they did not present an
outcome in each intervention group or did not have enough information required for
continuous data comparison. We pooled the point estimates from each study using the generic
inverse-variance method of Der Simonian and Laird (DerSimonian & Laird, .1D&é)
heterogeneity.of.effect size estimates across these studies was quantified u$isigtis&d
and Q statistic..For the Q statistic, substantial heterogeneity was define@l H3. The 1
statistic rangesin value from 0 to 100%<@5%, low heterogeneity?+25%-50%, moderate
heterogeneityrand*50%, substantial heterogeneityjiggins, Thompson, Deeks, &

Altman, 2003. A sensitivity analysis was performed to assess the influence of the individual
studies on the overall results by omitting one study at a tivieeused a sequent@nitting
strategy, assdescribed by Patsopoulos and colleaguesnexahether overall estimates
were influenced by the substantial heterogeneity obseReagddpulos, Evangelou, &

loannidis, 2008)Publication bias was assessed usifignael plot and Egger’s regression
test(p<0.05 was considered significant) (Sterne & Egger, 2001). Potential sofirces
heterogeneityrom clinical characteristics were analyzed with subgroup analysis and were
compared'with.metaegressionPooled risk ratigRR), sensitivity analysis, funnel plot, and
forest plotwere performed using Review Manager (RevMan) [Computer program]. Version
5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014. Egger
test wagerformed using the Stata SE 14.1 software from StataCorp LP.

Results
Description.efincluded studies

Our'search strategy yielded 38&¢gntially relevant articles (227 articles from
EMBASE and 15%rticles from MEDLINE). Afte exclusion of one duplicate, 238ticles
underwent title and abstract revielwo hundreds and elevanticles were excluded at this
stage sine they were not cohort studies and thweye not conducted in patients wihS,
leaving 42articles for fultlength article revier. Thirty-five articles were excluded because
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they did not report the outcome of interest or they did not have control. Theretem®, se
prospective cohort studies BfS patiens were included in this metanalysisFigure 1

outlines the search and literature review process. The clinical characteristics and summary of
included studies angrovided in Bblel. The NewcastleOttawa scales of the included

studies ar@lescribed in thd&ablel.

Meta-analysis results

Sevenstudies.from March 2002 to Octol#317 werdancluded in this metanalysis
involving 1,049subjects with BrS302 patients witfBCN5A mutations and 747 patients
without SCN5A mutation$. Five studies reveald an increased MAE among Batients with
SCN5A mutations (Andorin et al., 201€onte et al., 201,9Viakarawate et al., 201 Nishii et
al., 2010 Yamagata et al., 2017) with one of the five studakarawate et al., 2017
achieving statistical significanc&he pooled analysis demonstrated a non-significant
increasedisk of MAE in BrSpatients withSCN5A mutations compared to thos&hout the
mutation with"a®pooledRR of 1.50 (95% ClI: 0.93-2.41, p= 0.16:88.0%).A forest plot of
this metaanalysis isshown in Figure 2.

In subgroup analysis among ethnicities, three stythiesstudies from Japan and one study
from Thailandwere included in Asian populationslékarawate et al., 201 Nishii et al.,

201Q Yamagataset al., 2017) involving 486bjects with BrSg80 patients withSCN5A
mutationsrand-40patients withouBCN5A mutations). All three studies reveali@edreased

MAE among BrS patients witBCNSA mutationg(Makarawate et al., 201 Nishii et al.,

201Q Yamagataret al., 2017) with one stutyakarawate et al., 20) achieving statistical
significance. The pooled analysis demonstrated a significant increased riggeahMsian

BrS patients witlEBCNSA mutations compared to those without the mutation (RR=1.78, 95%
Cl: 1.23-2(58, p= 0.002, I’>=0%). A forest plot of this metanalysis is shown in Figure 2.

In Caucasiarcohorts four studies were included in the analy@sdorin et al., 2016Conte
et al., 2015Eckardt et al., 20Q3°riori et al., 2002) involving 568ubjects with BrS322
patients withRSCNSA mutations and 34ptatients withouSBCNSA mutations)One stug
revealed-a'nasignificantincreasen MAE among BrS patients witBCNSA mutations
(Andorin et al.}32016). The pooled analysis did not dematesamincreased risk of MAE in
CaucasiaBrS patients witfBCN5A mutations compared to those without the mutation
(RR=0.78, 95% CI: 0.34-1.80, p=0.57=15%). A forest plot of this metanalysis is shown
in Figure 2.
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In symptomatic BrS patientthere werdour studies(Andorin et al., 201pMakarawate et al.,
2017 Nishii et al., 2010Yamagata et al., 2017) involvir&y 1 subjects with BrSG0 patients
with SCN5A mutations and 21patients withouSCN5SA mutations). Every studsevealed an
increased MAE amongymptomatic BrS patients witBCN5A mutationswith two studies
(Makarawate-et'al., 201 achieving statistical significance. The pooled analysis
demonstrated a significant increased risk of MAE in Asian BrS patientSSGNBA
mutations ‘compared to those without the mutation (RR=1.78, 95% CI: 1.23-Z288)001,
12=23%). Aforest plot of this metanalysis is shown iRigure 3.1. The pooled analysis of
asymptomatic BrS patient showedinareased butonsignificant risk ofMAE (RR=1.85,
95% ClI: 0'60-5.68, p 0.28, 1°=0%). However, only two studies involving 290 subjects with
asymptomati®rS (78 patients witlBCN5A mutations and 212 patients with@@ENSA

mutations) reported dasaitablefor metaanalysis (Figure 3.2).

Two studies reportedn spontaneous Type-1 Brugada pattern (Andorin et al.,; 2016
Yamagata edal., 2017) involving 327 subjects with BrS aB@N5A statug68 patients with
SCN5A mutations and 259 patients with@@EN5A mutations). The pooled analysis
demonstrateds-assignificant increased risk of MAE in BrS patients who presettied wi
spontaneous Type-1 Brugada pattern \BEtNSA mutations compared to those without the
mutatiofl (RR=1:84, 95% Cl: 1.05-3.23=19.03, 1°=0.0%). A forest plot of this meta

analysis is shown in Figure 3.3.
Sensitivity analysis

To assess the staibjl of the resultwe conducted a sensitivity analysisdiyitting
one study/at a tim&Ve used a sequentiaitting strategy, as described by Patsopoulos and
colleagues, to examine whether overall estimates were influenced by the substantial
heterogeneity observed (Patsopoulos et al., 2008)e overall analysis, wheamitting the
study reported by Eckardt et al., the pooled analysis demonstrated a sidpifiteneaised
risk of MAE in BrS patients witlBCN5A mutations compared to those without the mutation,
with a peeled RRf 1.65 (95% ClI: 1.09-2.510.019 1°=24.3%) as well as the study
reported by Priori et al. 1.89 (95% Cl: 1.31-2.74, p= 0.080.0%) (Figure 5) In the

subgroup analysis,ome of the resultwas significantly alteed.

Publication bias
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To investigate potential publication bias, we examined the contour-enhanced funoél plot
the included stu@is in assessing changelhie log odd rati@f deah or composite outcome
(Figured). The vertical axis represents study size (standard error) while the horizontal axis
represents effect size (log odds ratid)edistribution of studies on both sides of the mean
was symmetrical. The Egger's test wassignificantfor smaltstudy biasn overall analysis
(p=0.518),symptomatic BrSg=0.787) Caucasias (p=0.756), and Asiang€0.095)

Egger’s test could not be performed in asymptontat®; and spontaneous Typepattern
subgroupssisince there were only 2 studidsta-regressioronfirmed that thetadies
published before 2010 wesggnificant source of heterogeneity (p=0.035) baxailable
verification,status 08CN5A diseasecausing variants was not a significant source of
heterogeneity (p=0.968)

Discussion

We haveanalyzel 1,049subjects with BrSrom sevenstudiesand showed an association
betweerthe presencef SCNSA mutations and a risk for developing MAEAsian
populationspatients with symptomatic Brand individuals witrspontaneous Type-1
Brugada patternincreased but not statistically significant risk was foun@ancasians, all
BrS individualsssanésymptomatic BrSubjectsThe non-significant association in overall

BrS maybe dugo interstudy andntra-study demographic and genetic variations.

After performing subgroup analyses, @sociatiorbetweerSCN5SA statusand MAE in
somegroupsappeareanoresignificant withdecreased heterogeneiti@verall BrS

individual’s analysis showed moderate heterogeneity of 38.0% whereas subgroysgis anal
showed low heterogeneity (0% in Asian, 23% in symptomatic, 0% in spontaneous Type-1,
15% in Caucasian, and 0% in asymptomatid)ese results reflected the effect of individual
basic characteristics to the outcome of MAE, which is more homogenized when analyzed by

each subgroup.

Additionally,.te"explore the possible souraddeterogeneityn ourmetaanalysis we used
sensitivity"analysis by omitting one study at a time. Wiritting the studes published by
Eckardt et aland Priori et alfrom the overalbnalysis, we found significantly increased

risk of MAE in BrS patients witlBCNSA mutations compared to those without the mutations,
with a pooled RRf 1.65 (95% CI: 1.09-2.51, p= 0.019and 1.89 (95% CI: 1.32:74, p=

0.001, f=0.0%), consecutivel(Figure 5) Heterogeneity decreased from moderate (38.0%)
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to low (24.3%)when weomittedonly Eckardt et al. and from moderate (38.0%) to none
(0.0%) when we omitted onRriori et al.These sensitivity analysis results can be explained
by several possible reasoR#st, sincehe earlypublications in 2002 and 2008 orethen

300 novelSCN5A mutations have been discovered (Juang & Horie, 2016). Hence, Eckardt et
al. and Prioriret-almay not have studiedeveraimutations included in our stuénd mea-
regression confirmed that the studies published before 2010 (Eckardt et glRP@060%t al.,
2002)are significant sourcesd heterogeneity (p=0.035). Second, their study popukation
were mostly asymptomatic Caucasiadividuals(58% in Eckardt et al. and 72% in Priori et
al.). The subgroup analyses from our stuntifcatedsignificant associations GCN5A
mutations‘and MAE in symptomatic and Asian groups, but nibieiCaucasian groug.hese
aforementionediactorsarethussuggestive of existing heterogeneity interfering with the
results from our analyses. The cause of heterogeneity is also noted in the study done b
Makarawate et al. which correlat88N5A mutation status with cardiac conduction
disturbances and resultant appropriate ICD shddiek@rawate et al., 20)1.7Their study
included a'geographically and genetically isolated population: most patients were of
northeastern Fhai origin; only symptomatic patients were included; and only two
polymorphisms.were identified (R1193Q and H558R). A degree of pathogenicity of these
two variants were questionable and may be more, or less, malignant than those iaport
other studies:

It is well recognized that history of aborted cardiac arrest is one of the strongest predictors
for future MAE InBrS patients(Eckardt et al., 20Q9°riori et al., 2002Probst et al., 2030
Yamagata et al.; 2017 fact,the current guidines recommends thahose who survive
episodes of cardiac arredtould undergdCD implantation(Priori et al., 201Bsince he risk

of subsequent cardiac events was highest amonpgdtient subgroupnd was estimated as
7.7% per.year.inone study (Probst et al., 2010). On the other hand, the risk of MAE in
asymptomati®rS individualsis low, approximately 0.5% per year (Probst et al., 2010).
Otherreportedpotentialrisks include male sex, presence of spontan&dusegment
elevation.insthe precordial leagmsitiveelectrophysiological studyresence oétrial

fibrillation, andeertainelectrocardiographic conduction abnormestsuch as prolonged P-
wave, prolonge®@RS durabn, and fragmented QRS (Chen et al., 2998hi et al., 2006

Priori et al., 2002Rattanawong, Riangwiwat, et al., 2QX¥amagata et al., 201 7riori et

al. demonstrated that the presence of both syncope and spontaneous ST-segment elevation

have a sensitivity of 36% and a high specificity of 94% in predicting the occurrence of
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cardiac arrest in BrS patier(Rriori et al., 2002)On the contrary, many studies have
assessethmily history of sudden cardiac death a predictor fopoorer outcomes, and the
results wereeproducibly unrevealing (Gehi et al., 2Q008akarawate et al., 201 Nishii et

al., 2010 Priori et al., 2002). Clinicians have long been intrigued by the concept of using
SCNS5A mutation'statuso predict MAE in BrS patients

Adler et al."have recently reviewed the risk stratification strategy in patients with BrS and
stated thaty according to the large registries, the use of genetic data to risk stratify BrS
patients are .not welefined and challenging (Adler et al., 2016). Even though a risk score
based on the mutations and other polymorphisms has been dev&8opeddriva et al.,
2013), theqauthors suggested that the tool needs to be validated before being Bdopted.
2006, Gehi'et al. analyzed 383 patients from two publications (Eckardt et at. P2adbet

al., 2002) and found no link betwe8BN5SA mutations and increased risk of sudden cardiac
death, syncope, or ICD shock (relative risk 0.60, Cl: 0.29-1.26) (Gehi et al., 2066)
speculate that the nesignificant result in their study was due to a lower number of recruited
patients, lower.Aaumber of included studies, Bmited power to identify a minimal increase
in risk. To our knowledge, our study is the first mataalysis to demonstratiee potential
utilization of SCN5A mutation in the risk stratification schepparticularlyin certain
subgroups, oBrS.

SCN5A mutations verereported in approximately 20-25% of BrS patients and known as the
most common Br&ssociated gen@lmost 300SCN5A mutations have beadentified in

BrS, including missense mutations, nonsense mutations, nucleotide insertion/dedettbns
splice site mutationgnd he number 08CN5A mutations is still increasingluang & Horie,
2016).An SCN5A mutation does not necessarily indicBt& (Probst et al., 2009T.he
functional losof NaV1.5 cardiac sodium channeith subsequent reduced sodium curignt
typically deseribed in BrS patients wiBCNSA mutations (Juang & Horie, 2018)his is
supportedrby:the fact thBrS-associate BCN5A mutatiors usuallyresult in frameshift

errors, splieesite defects, or premature stop codtiv lead to nonfunctional channels (Chen
et al., 1998)BrS-causing nssense mutations were observed to be nonfunctional due to either
disrupted protein trafficking to the cell membrane or impas@dium conductance (George,
2005). Although some missense mutatiaresfunctional, they may cause defective gated
properties of the channels involviagtivation angbr inactivationkinetics(Andorin et al.,

2016 Rook et al., 1999Meregalli et alcorroborated this speculation byudying 147
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mutatiorrpositive BrS individuals and divided them into three groups: 1) those with
prematurelytruncaed proteins (group 1); 2) those withissense mutations resulting in
significantly ©90%) reduced peak sodium current (group 2); and 3¢ tviih missense
mutations resulting in milgl (<90%) reduced peak sodium current (group 3) (Meregalli et

al., 2009): They‘found that patients in group 1 and group 2, in which drastic peak sodium
current werenoted, developed a more severe conduction disorders. The underlying
electrophysiological mechanisms of haltered sodium current casdgrSis still under
investigation, and two models have been proposed (Meregalli, Wilde, & Tan, 2005). In the
“repolarization,disorder” model, the defective sodium charedices the myocardial

sodium current.and causaslisproportionatehortening othe right ventriculaepicardial
action potentials, leadg to an exaggerated transmural (i.e. epicardimsmyocardium)
voltage gradient and tteharacteristicéinding onelectrocardiograniGeorge, 2005Juang &
Horie, 2016 Smits et al., 2002). The “depolarizatidisorder” nodeltheorizes that

conduction delay in the right ventricular outflow tragith respect to theght ventricle
causegheelectrocardiogranchanges in BrS. The arrhythmogeni@fyBrS islikely
multifactorial.and othepathophysiology may play a rol®r instance, aacent study

proposed epicardial surface fibrosis and reduced gap junction expression in the right

ventricular outflow tract as arrhythmogenic mechanisms in(Reflemanee et al., 2015

When compared t8CN5A-negative BrS patients, those wBNSA mutations tendo

exhibit significantlylonger conductiomtervalson electrocardiogransuch as?Q or His-to-
ventricle intervalsandmorefragmented QRS, both at baseline and throughout the follow-up
(Makarawate et‘al., 201WNishii et al., 2010Rattanawong, Riangwiwat, et al., 2Q5mits et
al., 2002 Yokokawa et al., 2007 heseparameters weralsopredictiveof the presence of
the mutationforexample, PQ duration ef210 milliseconds had a sensitivity of 48% and a
specificity '0of 98% for detectin§CN5A mutationin BrS patientgSmits et al., 2002 he
prognostic value 0BCN5A status hasecome more apparent in recemtl-designed studies.
In a study of 415 BrS patients reported by Yamagata 8CAI5A mutation carriers tended to
experience their cardiac events more frequently and at younge(fyageagata et al., 20).7
Apart from history of aborted cardiac arrest, harboring the mutation was the onlynddepe
predictor of MAE with a hazard ratio of 2.0 (9824 1.0-3.8). They also found that
mutatiors in the pore regioaf the NaV1.5 cardiac sodium chanmedre more associated

with MAE (Yamagata et al., 201 Hlence, these studiésveconfirmed the gertgpe
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phenotype correlationa SCNSA mutation positive BrS individuals, botth
electrocardiographic level and clinical level.

Recently, Nadeemanee et al. reported right ventricular outflow tract epicdndiddain recurrent
symptomatie-Brugada syndrome (Nademanee et al., 20h#)indication for right ventricular
outflow tract’ejrardial ablation in symptomatic Brugada syndrome is still unclear. Right vdatricu
outflow tractfibresis;and conduction delay was identified in carrierSEN5A mutations(Meregalli

et al., 2009)Moreover, ageelated fibrosis has also been seemouse models dCN5A mutation
(Jeevaratnameet-al., 2012; Royer et al., 200B¢refore SCNSA mutations may contribute to
substrate changes which may be treatable with epicardial ablation. In our studynaehftSCN5SA
mutations in symptomatic Braga syndrome is twinld associated with major arrhythmic events
compared to symptomatic Brugada syndrome witlsN5A mutations. SCN5A mutation status may

therefore enhance risk stratification of symptomatic Brugada syndrome.

Limitations

Although mest recruited studies were of high qualitg,recognizehere are some limitations
to our analysisFirst, the studies are heterogeneasgsliscussed earliefhe potential sources
of heterogeneity includage and gender of participants, definitions of MAE in each study,
follow-up-duration, inclusion afnutationpositive screened familpembersor of
asymptomatic carrieygeographic difference, and recruiting protocol.(emglticenter
registryvs. single center). Seconckrgtic heterogeneigiso existedamong studies. For
instance, Yamagata et aentified 55 differehmutations in 6@ffected individualen their
multicenter cohort, wheredgakarawateet al. found only twalifferentmutated alleles in 13
SCN5A mutation carriergMakarawate et al., 201 ¥amagata et al., 201 Mlowever, since
BrS is uncommen anldrge scale genetic studidmve beemarely performed the possibility

of smallstudy.bias due to tremall number of included studies and small sample size is not
negligible: Alargerstudy withamore homogeneous population is needed to confirm our
results Unfortunately, there was not enough information reportedaini@es that we could
use to calculate multivariate adjusted RR. Risk ratios were calculateddrasachber of the
patiens without multivariate adjustmenthird, large genomic imbalances, such as eopy
number variant§CNVs), in SCN5A were recently shown to underlie a portion of genotype-
negative patientand should be screened (MademoaleBet al.2016 Sonoda et al., 2018).
However, all of the recruited studies have used traditional methods of sequencing which
could not detect CNV/$iencethe cantrol group may include those CNV-harboring
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sequencing-negative patients and did not truly represent unaffected individuath, three
(Makarawate et al., 201Priori et al., 2013Yamagata et al., 2017) of seven studies reported
informationon how the authors verifigtithe variants were diseasausing(Table 1)

however metaregression confirmed thaerification status 08CN5A diseasecausing

variants wasmot a significant sourceneterogeneity ioverall resultsLastly, this is a meta
analysis of observational studies with the inherent limitation of being able toroanfi

association, but not a causal relationship.

Conclusion

From our study, we found that mutation status may help predict MAE and guide treatment
decisions in certain subgroups of BrS, especially in Asian population, symptomatidgati
and individuals.with spontaneous Type-1 Brugada paftéra presence GCNSA mutations
may be an.important totd prognosticate risk and guideatment in patients with Bri& the

future.
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Figure 1 Search/methodology and selection process

Figure 2 Forest plot of the included studies assessing the association b&uNEh
mutation andsmajor arrhythmic events and fatal arrhythmia among Asian, Cauaadian,

overall analysis.

Figure 3 Forest plot of the included studies assessing the association b&uWNEh
mutation and*major arrhythmic events and fatal arrhythmia in subgroup analysis of 1)

symptomatie,BrS, 2) asymptomatic BrS, and 3)spontaneous T{3n8-

Figure 4 Funnel plot ofSCN5A mutation and major arrhythmic events in 1) overall analysis,
Asian, and Caucasian, 2) symptomatic, 3) asymptomatic, and 4) spontaneouds Typtes

represent ebserved published studies.

Figure 5 Sensitivity analysis graph to explore source of heterogeneiyniying one study

at a times

Table 1: Thecharacteristics and summary of included studies
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Table 1: The clinical characteristics and summary of included studies

Priori SG et al. Eckardt et al. Nishii et al. Conteal. Andorin et al. Makarawate et al. Yamagata et al.
Country Italy Netherlands, Japan Belgium European countries| Thailand Japan
Germany, and Franc
Study Prospective cohort | Prospective cohort | Prospective cohort | Retrospective cohort| Prospective cohort | Prospective cohort | Prospective cohort
design
Year of 2002 2005 2010 2015 2016 2017 2017
Publication
Study BrS patient (130 BrS with Type-1 BrP | BrS with Type-1 BrP | BrS with spontaneou{ BrS with Typeil Symptomatic BrS BrS with Typel
subjects probands;.70 patients from 4 patients who were | or drug-induced BrP patients who ar¢ patients with Typet | BrP patients who
Affected family university hospitals | admitted to 5 Brugada Type-1 BrP| younger than 19 BrP with ICD underwent genetic
members) hospitals in Japan who underwent ICD | years from 16 implantations in testing for SCN5A
during January 1997 | implantation and European tertiary | Khon Kaen, mutation and were
to December 2009 | follow-up at a single | centers Thailand, between | followed up
study 2008 and 2011 between 1988 and
2013.
Exclusion Right ventricular Structural heart Abnormalities found | None Structural cardiac | Structural heart Structural heart
criteria cardiomyopathy by | diseases, acute by echocardiography abnormalities, diseases disease

echocardioegraphy

ischemia and
metabolic or
electrolyte

disturbances

and chest X-ray

electrolyte or
metabolic
disturbances at the
time of ECG
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recording

Number of | 200 patients (76% | 212 patients (71.7% | 108 patients (97.2% | 176 patients (67.0% | 106 patients (54.7%| 40 patients [ 97.5% | 415 patients (97%
subjects (% | male, mean age male, mean age 45+( male, mean age male, mean male, mean age male, median male, mean age
male, mean | 41+18 years) years) 46.8+11.6 years) age 43 years+16.8 | 11.1+5.7 years) age 43 years (range | 46x14 years)

age) years) 22-66) |

Methods of | DHPLC and/or DNA sequencing DNA sequencing DNA sequencing DHPLC and/or DNA sequencing DHPLC, SSCA
mutation SSCA DNA sequencing and DNA

detection sequencing
Verification | A panelof400 Not described Not described Not described Not described Only H558R and The frequencies

if the healthy-white R1193Q variants and statuses of the
variants individuals (800 were reported; both | mutations (using an
were alleles)'were used a of which were known| in silico phenotype
disease- control. to relate to Brugada | prediction

causing syndrome. algorithm) were

evaluated.

Presence of
SCN5A

mutations

84 Positive (42%)
116 Negative

57 Positive (26.8%)
126 Negative
29 No genetic testing

17 Positive (15.7%)
91 Negative

23 Positive (21.9%)
82 Negative

58 Positive (54.7%)
17 Negative
31 No genetic

testing

13 Positive (32.5%)
27 Negative

60 Positive (14.5%
355 Negative
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Number of

symptomatic

56 (28)

89 (42)

65 (60)

130 (73.8)

21 (20)

40 (100)

187 (45)

patients at
diagnosis
(%)
Endpoints | Documented VF or | SCD or documented | Appropriate ICD Appropriate ICD SD, documented VT| Appropriate ICD Appropriate ICD
sudden‘death VF shock therapy shock therapy or VF, appropriate | shock therapy shock, aborted
ICD shock cardiac arrest, or
SCD
Average Mean 34=+44 Mean 40 + 50 monthy Mean 71.9 +41.3 Mean 83.8 £ 57.3 Median 54 months | Median 24 months | Mean 72 months
follow-up months months (1st-3rd quartile 15 | (range 1352 months)| (range +249
99) months)
Conclusion | SCN5A.mutation Previous histories of | SCN5A mutation is | Risk stratification by | SCN5A mutation R1193Q variant may| BrS patients with
by authors | wasnot.associated | aborted SCD and not associated with | means of may be necessary | be a genetic marker | SCN5A mutations
with a higher risk of | syncope were initial episodes of VF| electrophysiology but is insufficient on| for ventricular exhibit more
events and showed | predictors for adversq in BS, but is study might its own for the arrhythmia in conduction
32% sensitivity and | outcome associated with identify development of symptomatic BrS abnormalities on
57% specificity to early and frequent | asymptomatic lethal arrhythmia patients with ICD ECG and have
identify.patients recurrence of VF in | patients at risk for treatment higher risk for
with cardiac arrest symptomatic patienty arrhythmic events cardiac events
NOS 7 9 7 8 8 8 6

BrS: Brugada syndrome; ECG: Electrocardiogrd®D: Implantable cardioverter-defibrillator; SCD: Sudden cardiac death; SD: Sudden death; VT: ventricular tachycardia; VF: Ventricular

fibrillation; DHPLC: Denaturing high-performance liquid chromatodmgSSCA: Single-strand conformational polymorphism analysis; NOS: Newcastle-Ottawa Scale
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Risk Ratio
IV, Random, 95% ClI

SCN5A non-SCN5A Risk Ratio
Study or Subgroup log[Risk Ratio] SE Events Total Events Total Weight IV, Random, 95% CI
Asian
Makarawate et al., 2017 0.73236789 0.36836803 8 13 8 27 21.4% 2.08 [1.01, 4.28]
Nishii et al., 2010 0.64185389 0.35565258 5 7 9 24 22.1% 1.90 [0.95, 3.81]
Yamagata et al., 2017 0.74193734 0.31624768 13 60 49 355 24.6% 2.10[1.13, 3.90]
Subtotal (95% CI) 80 406 68.1% 2.03 [1.37, 3.00]
Heterogeneity: Tau? = 07007 Chi® = 0.05, df = 2 (P = 0.98); I> = 0%
Test for overall effect: Zs=-3.56 (P = 0.0004)
Caucasian
Andorin et al., 2016 1.75785792 1.42895052 9 58 0 17 2.7%  5.80[0.35, 95.44]
Conte et al., 2015 0.28517894 0.87635979 NA 23 NA 82 6.5% 1.33 [0.24, 7.41]
Eckardt et al., 2005 -1.27296568 1.01759797 1 57 8 126 5.0% 0.28 [0.04, 2.06]
Priori SG et al., 2002 -0.4462871 0.43914362 7 84 15 116 17.7% 0.64 [0.27, 1.51]
Subtotal (95% CI) 222 341 31.9% 0.78 [0.34, 1.80]
Heterogeneity: Tau? = 0.13; Chi® = 3.54, df = 3 (P = 0.32); I> = 15%
Test for overall effect: Z = 0.57 (P = 0.57)
Total (95% CI) 302 747 100.0% 1.50 [0.93, 2.41]
Heterogeneity: Tau? =0.147 Chi’* = 9.62, df = 6 (P = 0.14); 1> = 38%

Test for overall effect: Z =1.66 (P = 0.10)

Test for subgroup differences: Chi? = 4.11, df = 1 (P = 0.04), 1> = 75.7%
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1)

3)

non-scnsa  anec_125&QfRqdf

SCN5A Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Andorin et al., 2016 6 10 0 3 3.4% 4.73 [0.34, 66.18]
Makarawate et al., 2017 8 13 8 27  32.4% 2.08 [1.01, 4.28] -
Nishii et al., 2010 5 7 9 24 34.1% 1.90 [0.95, 3.83] —
Yamagata et al., 2017 10 30 11 157 30.1% 4.76 [2.22, 10.19] —
Total (95% CI) 60 211 100.0% 2.66 [1.62, 4.36] <
Total events 29 28
Heterogeneity: Tau? = 0.06; Chi? = 3.92, df = 3 (P = 0.27); I = 23% I t t {
Test for overall effect: Z = 3.88 (P = 0.0001) 0.01 Favou?s.lnon—SCNSA Favours SCl{JgA 100
SCN5A non-SCN5A Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Andorin et al., 2016 3 48 0 15 14.9% 2.29[0.12, 41.91] =
Yamagata et al., 2017 330 11 198 85.1%  1.80[0.53, 6.08] ——
Total (95% CI) 78 213 100.0% 1.87 [0.61, 5.73] il
Total events 6 11
Heterogeneity: Tau? = 0.00; Chi? =/0.02, df = 1 (P = 0.88); I> = 0% :0 01 0:1 1:0 100=
Test for overall effect: Z = 1.09%(P"= 0.28) ’ Favours. non-SCN5A Favours SCNSA
SCN5A non-SCN5A Risk Ratio Risk Ratio
Study or Subgroup Events_Total Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Andorin et al., 2016 7 20 0 8 4.2% 6.43[0.41, 100.98] >
Yamagata et al., 2017 12 48 36 251 95.8%  1.74[0.98, 3.10] 5 =
Total (95% Cl) 68 259 100.0% 1.84 [1.05, 3.23] S 2
Total events 19 36
Heterogeneity: Tau? = 0.00; Chi? =/0.83, df = 1 (P = 0.36); I> = 0% :0 01 0:1 1:0 100=

Test for overall effect: Z = 2.12 (P’= 0.03)

Favours non-SCN5A Favours SCN5A
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