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# # 5974083530 : MAJOR MEDICINE

KEYWORDS: BRUGADA SYNDROME / RISK STRATIFICATION / T-PEAK TO T-END / APPROPRIATE ICD

SHOCKS / EARLY REPOLARIZATION / TYPE | BRUGADA PATTERN
PATTRANEE LEELAPATANA: Risk Stratification in Brugada Syndrome Patients for Prediction of
Appropriate Implantable Cardioverter-Defibrillator Shocks by Using T-peak to T-end from an
Electrocardiogram. ADVISOR: ASST. PROF. SOMCHAI PRECHAWAT, M.D., 61 pp.

Background: Risk stratification in Brugada syndrome for prediction of either newly developed or
recurrent ventricular tachycardia/ventricular fibrillation (VT/VF) is very important, but still lacking. Previous
studies reported that prolongation of the T-peak to T-end interval in an electrocardiogram (ECG) may be

associated with VT/VF.

Objective: Our study aimed to evaluate the T-peak to T-end interval, other electrocardiographic,
and clinical parameters as predictors of appropriate implantable cardioverter-defibrillator (ICD) shocks in

patients with Brugada syndrome.

Material and Methods: This is a retrospective study of consecutive patients underwent ICD
implantation due to Brugada syndrome at a tertiary care, academic hospital in Thailand since 1997 to May
2017. Thirty-two Brugada syndrome patients (96.9% male; mean age, 37 + 12.7 years) with implanted ICDs
due to 3 (9.4%) primary prevention, 12 (37.5%) history of syncope, and 17 (53.1%) history of sudden cardiac
death were studied. Clinical and ECG parameters at the first diagnosis were analyzed to predict appropriate

ICD shocks. The T-peak to T-end was the duration from the peak to termination of T wave on lead V2.

Results: During a mean follow-up periods of 7.3 + 4.9 years, 313 appropriate ICD shocks (sustained
VT/VF) were recorded in 13 patients (40.6%). We found that history of sudden cardiac death due to VT/VF was
significantly associated with appropriate ICD shocks [odds ratio (OR) = 4.85, confidence interval (Cl) = 1.3-
18.5, p=0.025] and T-peak to T-end interval was significantly longer in patients with appropriate ICD shocks
versus those without (108.9 + 29.2 ms vs. 87.5 = 16.2 ms; p=0.027). The T-peak to T-end interval more than
110 ms showed sensitivity of 53.8%, specificity of 89.5%, positive predictive value of 77.8%, and negative

predictive value of 73.9% for prediction of appropriate ICD shocks.

Conclusions: In our study, we found that T-peak to T-end interval can predict VT/VF episodes in
Brugada syndrome patients. Furthermore, the T-peak to T-end interval of more than 110 ms has high specificity

for appropriate ICD shocks in this patient group.

Department: Medicine Student's Signature

Field of Study:  Medicine Advisor's Signature

Academic Year: 2017
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1.1. AMNKIATYLATNNUDITTY1IN15398 (Background and Rationale)

Tsmluame (Brugada syndrome) Lilulsan1eiugnasy iinannisnaneiugaediiv
mneaiulszgpauaunisinasesWinluiala (ion channel)™ AspganuauRaUnAls
o dl % ' d’lal dl ! a
anngvnearlniniala (electrocardiogram, EKG) N1azilfinAaNsl@easianisnaniag
P lafiasanafiuiasaazaiia VI/VFIEA polymorphic ventricular tachyarrhythmias LWae
S aa o Py o . o S aa
Rednann1azialangmfiuaelnay (sudden cardiac death) n1stfasriunis@adan

=l [ dyO v Yo ] dl o . .
ReuwauaInNEinlilaanislisunisldwseanszgniala  (implantable cardioverter
defibrillator, 1ICD)® "
Taqiiugsidennineslunisdnnendt nangiaalsaluamadnuniclanvaunzas
azliFunsldwsasnsygninlameiasiunisdedimpeunay  Inaennzunguaunly
= 1 1 a a dl o .
WAENBINNTHN U wiRganLANRALNAaInnITATIaAaL NN la (primary

. dl s a A a e o o o 1
prevention) Tenudigthenilediinuninsgunisinmludaqiiuazgnineslu
: a: <y B¢ ) 134 \, L e C A e
naNANNIAeNgs  asliFunisldfunnsldissasnszaninla  usmaslfisunnsldirsasna
1Y dl 1 (8) e 1 Ay ° 4‘ dl 10 A
wudnfihaueepuesaslinszanas®  ifwildndihaarusunilsienaldadufiasgn
Yo 1 dll a a o 1 v oI/ o % 1 Y a o a
155unnsldirras LudsenududinsziansnunieialatiesanuAuR Az Il
VT/VFaInnsnssiuginanisnaagasanen lniiila (inducible ventricular
tachyarrhythmias by electrophysiology study) A l&NRUSTLNT1AA sustained VTVF Laz

a aa =l o (9_12) dgjd =2 1 o
mMadeaimaaunauluauIAn®’? wanaINIENNIANHININNIENENEINUNTIANEUENN
aa o dl o v dl o/ o 6 o/ a o £ 1 v a o
Aan wazansizAduniilasuulating Aduwusiunsiiadlatiesanusiulncauaz

1510 pinanedeyadellaanudaudeiula

1A VI/VFIIA VIVF wazi@edtnasunal
awnsnagliluifaqiiu - Tuansidaaiuniazunsndauszazansannislisunisldieses

v v
nszgniiala Taalenwiznsfinl@a uay inappropriate shock naliiifiaualdesianasanig
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a 2N dJ o ¥ Yo ! dl o o’//
UaZas laes f{;lj‘ﬂ'.lil mmmwﬂmmquwmﬂsnfaumnmﬂmumﬂmLm@qmzﬁ;ﬂm%uuwu

o 1

16 20-36% 0% Y faiunnsdssfudsrlaniiasanuidesasiiaaudnAtyaginann
newsnduliifiaelaunisldirsesnszaniala
; R oAl = o o
nsnenenutangngiaelsaluameeanidungunimnuidasgalnaandadansue
nepdtn  wazpauliiialaazitsslamiatnennnlunlji®  Wedoaunndlunis
dsziudn  fihadnenclaniiaondagesianiafinninzinlaissanfiuiadmosain
VIVF  uazideddmmaunauluamnn i ldgnisdnaentiheimunzanuazazliy
dszTamigegaannnislasunislarsasnszaninla  sauvistaaanninzunsndauainnisld
< o Lo = i~ a4 A = e aa
wsaenszsniialalagliandy Audununeesnuddeil  ieAnedANH LN NARTINLAY

paulAnvialauuLlating Miumanu@essianisiin sustained VIVF uaziadnmdngiag

Tsaluananld ICD luudadanunizlating NRuunTiuaziin recurrent sustained VT/VF

1.2 ANDINN15998 (Research questions)

ANNNMAN (Primary research question): A1 TpTe > 100 msec a1 ECG 12 leads
A mdnesienianiin appropriate ICD shock ‘Luﬂ@ju&;ﬂw%miﬁamﬂmzﬁ ICD laivizala

Does the TpTe of more than 100 msec from a 12-lead ECG increase the risk of
appropriate ICD shocks in Brugada patients with implanted ICDs?

ATNNIBY (Secondary research question): 1.A1 TpTe a1n ECG 12 leads ANWUE
AUduaLATIT0g appropriate ICD shock 1uﬂz§u§ﬂqa‘lﬁﬂ1ﬂ@mﬂmzﬁ' IcD ldvisaly 2.n19
Pdnmoenenaiinuazpauliinialanansdiesaniu deevinuianisifina sustained VT/ VF
1#ANdnanAe EP study Wiesininan Tdvisald

1. Is duration of the TpTe from a 12-lead ECG associated with numbers of
appropriate ICD shocks in Brugada patients with implanted ICDs? 2. Is the combination
of altogether clinical and electrocardiographic parameters better than using EP study

alone for prediction of sustained VT/VF?
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1.3 InQUseaIAL2IN15IAE (Objectives)

=2 1

WaAnN®91A TpTe winla  ansuzniemauliiidla  wazifadanisadinuuy

v
a a

ating PifinAudessianisiin appropriate ICD shock Tugiaelsaluanie
1.4 aNNRFIY (Hypothesis)
AN TpTe > 100 msec AN ECG 12 leads s ANNIAE NN 2R appropriate 1CD
shock lufjtlaeilaalsameilisunisld 1cD
AN TpTe a1 ECG 12 leads Flunn duiugiudnuauaianfinduaes appropriate ICD
shock lunguiitlaelsaluaniaiild ICD
nsl¥sneniEnenatinuazaadininilavanediasausugaeinuanisiia
appropriate ICD shock l#AnN31871/8 EP study tNeNaIgLAgn
1.5. ﬁﬁﬁ‘]ﬁu (Key words)

Brugada syndrome, Risk stratification, T-peak to T-end interval, Appropriate ICD

shocks

1.6 NTALANNAALUIINE (Conceptual Framework)

o

gi.lmwﬁ 1 UAANNTALAINNAALLIIAE
[

~

Clinical parameters | ;oo oo
g ! Hypokalemia i: High carbohydrate™
ex U |___diet,alcohol ___|
Age

History of syncope
\_ Family history of SCD_/. Transmural dispersion

/ G of repolarization Sustained VT/VF
ECG parameters (increase risk of
Spontaneous type | reentrant ventricular
AF/AFL tachyarrhythmia)
f-QRS .
Early repolarization
TpTe > 90 msec | Diurnal variation of |
\_ Inducible VF by EPS Y, R ECG_______ i

[ Risk stratification to identify high risk Brugada patient
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1.7 m'a"’lﬁﬁﬁﬁmuL%aﬂﬁﬂ'ﬁﬁ%"l%‘lumﬁé'ﬂ (Operational definitions)

o nsiilasaisaluamne (Brugada  syndrome)  Mimsinougin1satiageand
HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis and

Management of Patients with Inherited Primary Arrhythmia Syndromes 2013

Brugada Syndrome (BrS) Expert Consensus Recommendations on Brugada Syndrome

Diagnosis

1. BrSis diagnosed in patients with ST-segment elevation with type 1 morphology 22 mm
in 21 lead among the right precordial leads V1, V2, positioned in the 2nd, 3rd or 4th
intercostal space occurring either spontaneously or after provocative drug test with
intravenous administration of Class | antiarrhythmic drugs.

2. BrS is diagnosed in patients with type 2 or type 3 ST-segment elevation in 21 lead
among the right precordial leads V1, V2 positioned in the 2nd, 3rd or 4th intercostal space
when a provocative drug test with intravenous administration of Class | antiarrhythmic

drugs induces a type | ECG morphology.

° ﬂﬂﬁ"fﬂﬂl’]ﬁf’]x‘i”]@’mﬂguiv\lﬁ’]ﬁ/ﬂ@ (Electrocardiogram, EKG)
o EKG segments and time intervals #1989a7n Wagner GS. Marriott's
Practical Electrocardiography 12" edition. Philadelphia: Wolters Kluwer
Health/Lippincott Williams & Wilkins, 2008.

gUnwd 2 doutlsznavzesnaulninala
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| T-Pinterval |

T T (TpTe) 81989a1n Sven Z, et al. Tpeak-Tend interval and Tpeak-

peak ' end

Tend/QT ratio in patients with Brugada syndrome. Europace. 2016 Mar 3.

[PMID: 26941339]

s 3353 T

peak

-T,,.4 (ToTe)
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O Fragmented QRS

1. 2 4 spikes in the QRS in VUAEE 138

.V, and V,

2.28 spikes in V

Morita H, et al. Fragmented QRS as a marker of conduction

AN9BAIAIN

¥

abnormality and predictor of prognosis of Brugada syndrome. Circulation

2008;118:1697-1704.

51NN 4 anwad

u

98N fragmented QRS

[ %
%



V1

V2

71

-\t

V-
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O aVRsign
1. R wave 2 3mm 38
2. R/q raito 2 0.75 in aVR
£198941n Babai Bigi MA, et al. aVR sign as a risk factor for life-threatening
arrhythmic events in patients with Brugada syndrome. Heart Rhythm

2007;4:1009-1012.

O Early repolarization

wu'ld 2 aneoue Ae early repolarization WL notch WAL WU slur

gﬂ.ﬂ’iwﬁ 5 anwndE a9 early repolarization WU notch WAL WU slur

[n11 A UKL end-QRS notch AanwLaENNdIuingeas QRS complex lag

s ) 1% A o A a v
N3l J-point qzilgznaumng Jo A AANALTHAUADY notch (onset of a

notch), Jp Af 1nN9AgIgA (peak of a notch), uaz Jt An pN9AALAA (end

q 9

of a notch); N B LiluuiIL end-QRS slur A8 AN19ilaguyuLiFouaa91es
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v 1
=

1 dl [ % = a . [ = %3
R-wave naulmaniy ST-segment N3tUll J-point azisznaumag Jo AR AN

Egmi?mﬁu (onset of a slur) kay Jt ﬁmm‘ﬁzﬁﬁau@ﬁ (end of a slur)]

Jo Jp Jt Jp Jt

Henuvdaes early repolarization ¥NeRa J-point enasnaiias 1 NaAWAI
(J-point Bgjiniia baseline MaunAluNIAL notch Uaz Jo agniia baseline Tuns
dl . . A 1 v a o [
slur) 9 inferior Y9 lateral leads &i9iasl 2 leads Andw Taslsidu V1-v3 Tas

QRS LALNGN 120 HAAIUN

Definition of early repolarization

1. There is an end-QRS notch or slur on the downslope of a prominent R-
wave. If there is a notch, it should lie entirely above the baseline. The onset
of a slur must also be above the baseline.

2. J-point elevation 21 mmin22 contiguous leads of the 12-lead EKG,
excluding V1 to V3

3. QRS duration <120 ms
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£1989a1n Macfarlane PW, et al. The Early Repolarization Pattern: a

concensus paper. J Am Coll Cardiol. 2015;66:470-7.

1.8 navisaiszlaruyiamainazlasuainnisias
ANMN30UNAN Tpeak to Tend arnAaulniwinlanndqeilszidiu filaalsnluaniadn
frlnsaneouzlaluuntiinazifin sustained VINVF luamanivedaasngdulalunisla ICD
waz  dumanisaidngiaelsaluamenld 1CD  Tlufadnwuzlating Mluwllinaziin
, o & = D o a a . =
recurrent sustained VT/VF uaeaiy Seanataeniinisineiisinsialll mu nis@anan

TTaariu vize Fndfani9nn ablation Wlugu

1.9 2Ua55ANRIANATUTEUINNITIABUASNIASNIT LUNSUA b (Obstacles and

Strategies to solve The Problem)

dl o " ¥ [ % dlc: o
WBANANELANITIY LL@Z@Q’]N‘QTWJ@\‘]QﬂQﬂiiﬂiﬁﬂmqﬂWU&LuﬂIﬂ?’W}m’] NINAUIU

1
al o

frlaevinniafiniiieandn sample size NAuanLlE S1unazesnimaaaun1eana (power)
- 4 AN = o -
Aazanad Lazlan1aNazwLANNLANFANNNURIANATUNINATA (p-value significance) fiay
= D e ¥ v o x [ o
anad daniuguinatasesufiladeanisiudu mutti-center Inavediayaainanitiuan
v ~ yson . A o ! o oA A
11993 170819198 matching IasinasiinanuaunguatuANlidy 2, 3, 4 win ey

IUNAFDEN N IHBIUIRURINIINARDLADANINUL
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UNN 2

NUNIUITTUNTTNNLNLIT DY

2.1 unin (Introduction)®®> " 10121628

Tsmluamne (Brugada syndrome) lafunisAunuuaziilunianaiausnlui a.a. 1992

v

gnanesulag Pedro Brugada was Josep Brugada filasangsunnelsaalagnoailu®

TeptiiulsannesiugnssudieanananiuUEiuey (autosomal dominant) WANLNEIUNLTA

AMNEUNAIERUFTULBINEUAY (sporadic cases) NgueunineadasiulsaANANR LSy
dszgaruaunsluazesinidnluiala (on channel) Gswuiiaauialnfsesndnuiiensla

151904 epicardial right ventricular outflow tract asgnanatlunguisaloaauuiauing

(17, 26)

(channelopathy) Az N eaNEIZaIN1INIARRN LA AN RIE N9 ARL AN

Flanamng dansanuauialng iainnimmieaulwinsalany right bundle branch
block with ST segment elevation 134384 right precordial lead (V1-V3) AnuAnUnFATLAs
ANHLAENABNTR ANz latiesaEuRAeaazatian VTV (polymorphic  ventricular

tachyarrhythmias) uazida@@nann1azialangaLfuRaLnaL (sudden cardiac death) Tu

Yy Aa 9« 23, 7) , = = e A
QHQEWLQNLL?NLL?QQ ﬂEl'NVL?ﬂmf]Nﬂqﬁ‘LL@m\‘]'ﬂ@ﬂ"ﬂ@\?ﬁlui'hlﬂ@‘ﬂm\‘iﬂﬂf]')llﬂ’y]llﬁ@qﬂﬁ@qﬂ

v
o

wuldsauns ldiainisaanaandsn launadeainaaundunieluaautiuen® Iealuanie

[ < \ o < L a o o N o < 4
1@?UV’VJ’]N@ul@ﬂqﬂﬂulusﬁQ\?M@Q@qﬂuu LL@%iuﬂm@jN’]L?NNﬂ’]?ﬂu‘WUﬂuqquqquﬂmu N

padfluanvnaasise Inisdnenalnniafinlsanasziulianaldautsssdumad™ >

=< o , o & ' = o o A A
Gﬁ\jﬂﬂﬁi@vlﬂﬂqﬁ\w&lqﬂ?mﬁ?ﬂLLNuﬁquqﬂﬂJu ﬂﬂq\?vlﬁﬂmqﬂﬂ\?ﬂ?qﬂ@zlzﬂﬂﬁﬂﬂﬁﬂ’]ﬂﬂ?:ﬁﬂqﬁ“ﬂ

(22

% =2 QI a ) o £ o a Qi o o
FANNITNNTANHILNNLAN VI’]ELV‘]:[@’QQ‘]JMLLH’JVI’NELHH’]?‘]J?EZLNLW’VJ’]NL'&?N BASNITTNIIENAN

Ny = \ ORI = '
Nm'ﬂﬂﬂLﬂﬂﬁﬂ%iﬂﬂL'ﬂquiuﬂ@qﬁ\l@jﬂ'}ﬂw%\lLﬁﬁm@’]ﬂqﬁ‘&ﬂﬂ@u
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2.2 ANHMULNNNUENTTN (Genetic basis)

o

dl % 1 4 4 dill o = 1 ! dl =
nldnanaundinefiu ‘Emumﬂwammqwu'qmmmemmu TP @IUNIINNIg

WAPIBANTUBILUNUAIN AT (autosomal dominant and variable penetrance) WAZHTA

60% Niilun snaaiugnanas (sporadic cases) adluiilszdm luasaunia®”

Tutl A.A. 1998 AnsAunuiiuadausndmnisnanaiugestiu SCN5A tnaadiasiulse
Tnanna" BuliAauANNITUAAI9ENLEY OL-subunit 783 sodium channel UulmsTulanh 3 Tada

KX A 1 1 . . o o qg/j = 1% o & R4
3p21 AJUNAARTIN  depolarization SNYLLR NAIRMNULNNTTAUNUNITNANENUTNITTRE

|
b4 o

AnwouzUuEul warBuauinadeiulsyginman® © i GPD-IL, SCN1B, SCN3B 4

Manuenn Widszg lnme e usiesdss&nsn1mas (loss of function mutation of Na channel,
o A 9 o /)e = =

INa) ”Luﬂmmmwmﬂuwumiﬂmﬂwuqm@wuﬂiz@Lm@Lsmu (CACNA1c and CACNB2b
o v o 1 2) o & = = o

genes) mluﬂamﬂmmmmm LL@zmiﬂmawuﬁqmmﬂuﬂimmmeLsrmu (K channel, Ito) NN

Witlszginauunniiuly” nanlpaagUnisnanesiuginiliidszglamen  (INa) vive

= ) = = ) da/ o Y a o
iAAaLdeN (ICa(l)) NNIUanal m@ﬂimﬁmm@mﬂu (Ito) NNUNINTU N IINARNTHLUDS

T9aluanels

2.3 szumanan (Epidemiology)

Tealnamanuuinlusedanzduaen waslaldansiuaanesld  Iasaniy

dszmalng AadTud uaziu Inadatugniseannd 12 saseilszaing 10,000 sa® "

gennnndnluunvglsluazanigesniiaangniseuins 1-5 sasiedlszaing 10,000 3t

(32,33) 1 vLs o ° : a A DR ! dllll =
BAEUWETNATNAAURIIFAINTITIAVITNATY Lu@ﬂ@qﬂﬂqﬁqqﬂﬁiﬂ')ﬂuq\?ﬂqmm HLAENRINIT

Y a

Teatnulugaannnndnguge 8-10 wih uanifluanwnnismnendrAyaesmnadaanssdan)

] o

34, 35)

finanda 50 Tnlanadlsaalaninau’ 2121 RR IR TIAIRULNAUBLT 41415 T

(17, 26)
)

(WuPEURusiang 2 dulilauna 84 1 289 UTRINNFRUTAMRLUNAUNINDS 1

28ARERTINNTANE 2,500 e lun1Anzduaaniasstanaslszmnalne

 faqiiuannan
g4 Asian-specific sequence in the promoter region of SCN5A Rgqwneadasnnnldnuisa

dgj = { o (19) 4 = . dl dl & o a
TluAreEUNINNINAURSIUAN LAZ  WLANHTEIEN ion channel TLNEIUBNNLNENE



23

4799Me128413ANTRIN transient outward current (Ito) U epicardial right ventricular outflow

tract NANNANGUNRINLANE TR TIANINNGN Y

2.4 ANHUENIIARNNUALLINUTNNNFINAAE (Clinical manifestations and Diagnosis)

AINITLULACAINITUAAN

a dl Yo IS v o a 1 =2 o A
LﬁllL’ﬂ’ﬂ’ﬂQﬂ’]ﬁliﬁ‘ﬁiﬁ@ﬁlqﬁlmiﬁiﬁﬁi’lx‘lﬂl’ﬂﬂﬂqél'ﬂﬂﬂm WEANNTANITEUSURINTIENIU

v
Y o o

ANNRRUNATNL BT latiestanans wasdneaneainnnavin - cardiac  magnetic

resonance imaging (CMR)®***

v
a 1% [%

frlhadn e nialedtaduniousmn  douNINazLanIeINIIIUEANUTa U LUUAL
FAWNANIAU (00.00 . - 6.00 1) tnawuiilu sidlafiesaasiunndsmazatin VI/VF aunees

WA (ventricular fibrillation or resuscitated sudden death) “NA%BR e lauuy agonal Aa

17, 40)

Ay ladu uluan' Uszann 23% lunguitsanainni9a@edimna unal ineilsedm

duanuumaainneu® 1szunns 20% wu supraventricular arrhythmias 328698 1Y atrial

fibrillation, AV nodal reentry waz Wolff-Parkinson-White syndromew’”)

o o

an17ldl uay vagal tone NinAWTWAINILHUAIATY W9 vagal tone AzaANIS

o

1119142941)98) acetylcholine-mediated calcium currents iAo uEgANg INHNsEIINg

endocardium Waz epicardium NI T arrhythmogenesis by phase 2 reentry A"

20, 40, 43)

ansurAawlniale’ 262"

fnnuraan i lainuulsaluameudadu 3 wun THun

Type 1 Prominent high take-off J-point elevation with a “coved-type” ST-segment
elevation with amplitude of 2 2 mm leading to a negative T wave.

Type 2 High take-off J-point elevation 2 2 mm with a gradually descending ST
segment that remains 2 1 mm above the baseline leading to a positive

or biphasic T wave. A “saddleback configuration.”
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Type 3 Right precordial ST-segment elevation < 1 mm with either coved- or
saddleback-type morphology.

5119799 1 ST-Segment Abnormalities in Leads V1 to V3 *”

Type 1 Type 2 Type 3
J wave amplitude 22 mm 22 mm Z2mm
T wave Negative positive or biphasic Positive
ST-T configuration coved type saddleback Saddleback
ST segment gradually descending elevated 2 1 mm Elevated < 1 mm
(terminal portion)

4 A
raN

_]nl[\,_/\-.~

v

1 mm = 0.1 mV. The terminal portion of the ST segment refers to the latter half of the

ST segment.

anwuzaduliinialasis 3 wuunulalungueinislsaluamie wazannsonulaly

o = o A o g Ay a & A gy
QﬂQﬂﬂuLMH’JﬂuLN@WWﬂu@u'aﬂ’] uﬂﬂﬂﬂﬂuﬂ’]?mh vagal tone WHAU ANLDANDEDA Elﬂ]

TaAu veanaewsialnAnmeanszassaar it lauuy type 1 161

TTaqtiunudnlsaluamiallfiani uinilnAaae depolarization AaWL prolongation
\ P p g

of the P-wave, PR interval, or QRS duration Tngianzfininisnanswugaasiiy SCNsA”

wazANRALINFvaY repolarization ABWL QT prolongation in right precordial leads“”**

lnogin1inase 22

pxinainistad lufaqiuaauliinilauuy type 1 winiunldatiadaln

| 1 ¥
Tnasne Tnaazidunaulninila type 1 MifaTuas visaannisnsyiudacen ajmaline,
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flecainide, pilsicainide, or procainamide Al (spontaneously or after provocative drug

a

test) waznyuluaeinatios 1 lead 294 right precordial lead (V1 or V2) T9aziilu lead NRARN

nd rd

UnAf e viseRngeaulUAlion 2 deefild (2™ 37, or 4" intercostal space)

Brugada Syndrome (BrS) Expert Consensus Recommendations on Brugada Syndrome

. . (26
D|agn03|s( )

1. BrS is diagnosed in patients with ST-segment elevation with type 1 morphology
22 mmin 21 lead among the right precordial leads V1, V2, positioned in the 2nd,
3rd or 4th intercostal space occurring either spontaneously or after provocative
drug test with intravenous administration of Class | antiarrhythmic drugs.

2. BrSis diagnosed in patients with type 2 or type 3 ST-segment elevation in 21 lead
among the right precordial leads V1, V2 positioned in the 2nd, 3rd or 4th
intercostal space when a provocative drug test with intravenous administration of

Class | antiarrhythmic drugs induces a type | ECG morphology.

2.5 NISWEINTIIEA WAazNTUsL R UANNIRIARNISIAANTI2E12 latiada LA URA

A3z Um VT/VF (Prognosis and Risk stratification)

v
o ]

13alUaR8NN1TLEAIRANNNARRNANAINUANE (phenotypic variability) WLGIuWA

5, 49) =

1 aa = a aa = [ 09; 1 =) ( c
LLNLL@@\‘I@’]ﬂ”Iﬁ‘L@EI[F]@@WH‘Jm 1ﬂ@uﬂﬂL@EI‘HQ[F]L@HUW@‘ME]\‘ILL[?]°1I'D'LI‘]JLL?ﬂ AUANTTIUURN

nazilatiesansiuiadsratin - VIVFlugUaalsnluanefineuusnluiannisuansig

s Ly

mulluwsiaznisAnmn Brugada uavAmy 31eM1udnlgumnignl 8.2% wasaniull 33

) (25)

Hau®® Priori WATATLY $1ENIU 6.5% N 34 AU Eckardt WAYADLE 18N 1% 91 40

mau”  Giustetto WAZAME 318971 1 % 71 30 1AW Probst WAZAME $18E87U 0.5% N 31
N (51) o ! o Y a dl . ! a o 4

Bau®  pranasnudndaeauiasaaesadiden (absolute risk) slanisiianiazinlatiag
anuiuiindamazaiin VIVFlugihalsaluaseliineiainisunnew andiaeiisnean

o

1 1 v
Tuann  lwaneinmzuwnniaussazanaainnislisunisldsaansyaninlatiuiiud Ay
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=2 ' o rdl dll . a A
UNNITANBINUINQUANITIUNIATAINTEANNICAN (appropriate shocks) HiWeN 8 — 15%

dl a A 1 v dl ] . .
waRnnnlil 45 e willn1nzunsnieuanniaseanszsn ldmung (inappropriate shocks)

(13, 14, 28)

90 20 — 36% 71 21 — 47 AU fnediayailinanonnil Aspaslsziiudsclomiuay

nwetivazibannausndulifihalifunislarsasnszsninla FoglBHN1TANEI9N
o P = = : o Aa A T o P
anwouzthauuylaniianudassianiadeddnReunauetdunduainniazialadias

anusiuiiadaazailn  VIVFNewenhenaslafudlssTumigagaainnisléiiunisldieses

A
o o KX o

m”ﬁmm%mummmmm @mﬁ@nmmmmmq e 'mmlmm@immﬂ@mﬂu NN Qﬁ

o

%

fanndasuazdsliifoagliduuuomienrdfumandnauliludaqiiu

firlaeN90nTan (Cardiac arrest patients)

TugilhensantanainningiidlangaiuRaunay visaradilsydfialaiasanebiv

[ %

NAdgvazTia sustained ventricular tachyarrhythmias Brugada LasAMEnLaN 62% ALinn
WBNNIRLENT 54 hiew nasAnenauwulanianiagi 35% 14 U°7 44% 771 48% 110
19 uarleeafeaziiag® 1.52 %Y nemuliasliidelsufisdngiaennaalunguiisias

@ w9

bLé”ﬁumat‘lzﬂm%em:qnﬁa% (secondary prevention, class | recommendation)
= . . N e [ 6 o/ o ¥ 1 % a
N17W early repolarization WA J-waves 1 limb leads duWusriLN12ziR laiaIagHWERA

a9z atn VI/VFaeguuss (arrhythmic storms)®

filaeefluauvinnai (Syncope patients) ' %%

nsdndsedminauanatmsreanisfluaunnan lwiiaalsnluanadAnysin

= =

= = L o | = A py o Y
WHasRINENENNIIlIAFAINTY  Usein prodromes L1 LANALAN ﬁ@uimmmmu numan N

FANTEfi W NM9TFNLATEANINENTNAT BUUIY 8NNATEN  YFRMNARRUIUNGY 1 W

mumuu non-arrhythmic syncope muwmmm"ﬂmmmﬁﬂ@vq T ldnna arrhythmic

1 a A A v | a a 1 v ay 1 =
syncope b1 laifnizad prodromes 182N91 10 91U 13434LWIF1:“$[511¢ NNARFALUALINTT 1 UIN

(53, 54) '

LL@”ﬂZ\]UN’]ﬁ‘ﬁ]'}@ﬂ%‘]ﬁ‘fJﬂLi'} ﬂﬂiﬁmﬂ’ﬁﬂEJ?QLP?ZQWU']’WLN@@Q@WH‘]J?”Q éﬂ')ﬁliﬁ‘ﬂlﬂ@ﬁﬁﬂ

Meenduauvungi 57 318 40%Li1 probably arrhythmic 30% Lilu probably vagal —ua
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30% unclear wWamam Nl 65 wwauw wunlzilatiasaEuRAsIN I VT/VF

(ventricular fibrillation) 22% lungu probably arrhythmic Antilu 5.5% siall uazlsidigioely

a a o (53)

1 A aid a A % o =2 dl
NgN probably vagal ¥138 unclear NNNMTALTIALDLLNAU ADAAADINUNITANIN

sasuauRTIwLgRN190I8Y ventricular fibrillation 12% lungu presumed arrhythmic

Mo s a < (55) o S A
syncope LLWiNWUL@HIuﬂQNWLﬂu@ﬂﬂﬂﬁ@mqqﬂ@’nﬂﬂﬂu @QﬂLﬂmuQﬂQﬂmLﬂﬂLﬂu@N

Q

uNpaRLATAIAdINA ARz latiasaasiuiindazaiin VIVF sanfiuiiaanlvii

Wlauuy type 1 Asmoslfifunnsldirsasnsemniiala (primary prevention, class lla

. 26
recommendatlon)( )

filaenlslipsiininis (Asymptomatic patients)

z?im?unifﬁﬁluimmLfawqxﬁﬂfm%miﬂ@mﬂﬁﬁﬂﬁuVLWﬁﬁﬁﬂmmu type 1 WAl luN
81n19 S liNGeag1dnLaw Taq1ils HRS/EHRA/APHRS Expert Consensus Statement on the
Diagnosis and Management of Patients with Inherited Primary Arrhythmia Syndromes
2013 LLu::ﬁ’]d’]ﬁ’gﬂfmﬂzju‘im@ﬁmimﬁﬁ electrophysiology study #1wu  inducible
ventricular fibrillation ﬁﬂﬂﬁ@’]imﬂﬁ'}’umﬂdLﬂ%@dﬂ?tﬁlﬂﬁﬂ@ (primary prevention, class

)" agslsfimuilaqiiunananisAne inadaudieiu Brugada was

llb recommendation
AT WM inducible ventricular fibrillation AINN1997 electrophysiology dognunelania
nantazialatiasanafiuliadamazaiin VIVFIR duaanfiunidneaes Giustetto LAs

Te , o . = . . SasE) <
ALY AULALUIINITNT electrophysiology study N negative predictive value v 3
dauflariy PRELUDE (PRogrammed ELectrical stimUlation preDictive valuE) registry(34)
kae FINGER (France, Italy, Netherlands, GERmany) registry WU91 inducible sustained
ventricular arrhythmias a1nN13M1 EP study ladrannuialaniamaniaziialatiasanasiv

o

Apasunzaia VTAVFCY

WA wazang © 17
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I3 luanTeaNaNeaaLLL autosomal dominant with incomplete penetrance AIMHNTN
gasgiuAawiniwisdeand wadnuanseinislumAtie Taewy spontaneous type 1 EKG

NINNANLUN 3 i Lagw inducible ventricular fibrillation by electrophysiology study

NN NAATYIWATIELRENEaNN9a 8 TASLINAUNINNAUNAUEINDS 7 1110 angj1aae

el @eTnRaUNA UL 41215 1'% FnisAnmnwudnlefanuiialsaluanie 120

serlil 8.5 T filaedauwlunjiia ventricular fibrillation A3susnlugaseng 30 - 39 1 (72% en

U

Tugag 30 - 60 T)""Y agtludafjiqalsaluamemasisdesonis@amnRaunauINngn
a ' = o = = T 1=l - o A oy a
ety adelsfinuenduinsananiaieseenanes liidss lemdnninive ldssiiiv

AHIARI dnunnsilsziduannuides wanaiuauinnaniiesainglinnisaliien

o Y

Taqiiugauuztiildinueidaaiueeg aedesiesnisnisinesely

szinAsaunsa uaswugnssa =

o Ha

Taqiiudayadslimasmenazagldndssimideainaeunaulunsaunia  visans

NAENLEL99E1 SCNSA WinANEENsan naeTInRaunaulugaalsnluanie viseld

U598 atrial flutter/atrial fibrillation

puEaLnAreslsznlamad (INa) AnasanistinlWinlu atrium wuiu Aswy atrial

2585 AqgRnEn)

3

fibrillation 1} AluEIaeTsA AR wnudngquifthealanluanied

N atrial fibrillation azmuansaizaarlniidlawuy spontaneous type 1 Nilszdfimeniluan

WNAAR UaziAadl ventricular fibrillation gandingui{tlaalsaluaneflsil atrial fiorillation

o o

penaliadAny®  #1M0 univariate analysis n193 atrial fibrillation fNAYNIAENAS

%

ventricular fibrillation WAz sudden cardiac death a89NUE&1ATY WALEANN multivariate

L7 )

analysis azlsifitindAtyAanann™” nanalaeagy atrial fibrillation Snwulugtlaalsnluanie

o

Adld dl dl 1 % 1 1 1 o a . . . .
Ny ﬂ‘]:rmmngq@ujmumﬂ LLMNI‘MQLL‘U?@M%N ventricular fibrillations

Spontaneous type 1 Wag drug-induced Brugada EKG
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ANN9ANEIANLIN spontaneous type 1 EKG WNAIMNNIAEINFD ventricular fibrillation

51, 60)

waziipndeny 2 winauAungu drug-induced Brugada EKG! FINGER study

Wu3n wugLFEnIsnizedntazvinlasiuiadszaiin VI/VF 0.8% sielllungu spontaneous
type 1 EKG uazwuLiNen 0.4% siatl lungu drug-induced Brugada EKG®”  PRELUDE
study 9e91udn Tdwunesidladiuiindsnzatin  VIVF Tufileengd  drug-induced

Brugada EKG ufiwsrwdeaiesaminld 3§ ladd1esdl  indicible  ventricular

(34)

tachyarrhythmias a7n electrophysiology study viaaldfinns aufunundnilaquivly

wuzih Wilisunisldimsasnszaninlalufjilaalsaluane?dl drug-induced Brugada EKG

o

Ipeldfennis uwiazflsvdRdadimasunanlunsaumia (class 11l recommendation)®

QRS fragmentation (FQRS)***"

£QRS detanati A RaUnAlugas ventricular depolarization  suadadaulvny

a o

% o 1 - QI dl 1 o v | %
AAAARINUIN N1IWL QRS fragmentation WNAMNLAENAANTZ Y A TiaeaaLAUR AR MY

D

a

11n VT/VFuaz@edianaaunau®”  PRELUDE study wudnjihalsaluasendl ~QRS X

" aginglsRmuA ey

AYNIAENFIR ventricular fibrillation 1w 9 winaesngunlid FQRS™
WAZATINASE QRS wanAe Ul luuAazetd[n 39N IAANNLANFNIYBINIIFAUATE
EKG (speed, band-pass filtering, amplitude) eiaxNAuasan1snsaany FQRS  1faqiiliase

ANTANHUNNLANIALNTUNNT1E £QRS wndnalunislssiium s

avVR sign(62)
87091 R wave = 3 mm %38 R/g = 0.75 1 aVR n1sRaneouzimil 1aiennsuin
IiLsnialatiasansaanlad (right ventricular conduction delay) RAuaen1s@ne

\Nenil avR sign wikan1sAnunlisanadesii daliaunsotian g luned fumls e

Early repolarizationm)
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winaw early repolarization 4wl benign condition auNILsl 2008 Hiane
SIENNUNLINNGN  inferior Y38 inferolateral early repolarization IneLanIy early

repolarization WwUU horizontal or descending ST segment AUWUSALN19E ventricular

(11, 64)

arrhythmias UAZLAETIFRLLINAU' dszannsvialiwumnugnues inferior 190 lateral

early repolarization 16 1-13% usiwugeds 15-70% luw{tlaiifin ventricular fibrillation tae

Tnauame®

N1IWU early repolarization pattern anaauRlWA1ilaganiueINImIeAdiin

edtlsyifvasialafiuindsuazaiin VI/VF gnilenudn early repolarization syndrome

o o

(ERS)  tlaqiiuwuan ERS uazlsaluamaiansuznaiaatinindianfeiy Ad1ATyAnens
4339e1n19inalsa  (pathophysiology) WRauil  FAefuLAR uKesealsn A right

ventricular outflow tract (RVOT) Tulspluanne way inferior left ventricular wall 11 early

. . (17, 23)
repolarization syndrome

N9189U3 N early repolarization Tug{thalsaluaniasinndnlszainsdanateau

) (12, 66, 67) o

il (12% way 5% muansy) BNINEUNLINANLIAENTRY ventricular fibrillation

v
(1 )

AzNNAUN 4 Wi luiihangui™ ™ uazpanu@esazifiaiu 11 winuandlu horizontal ST

o o

1 4
0 galundnsiunnny early repolarization AananafaduRUsALN1LAA

segment pattern(

ventricular fibrillation storms %ﬂﬁ’m(sm

FUNINA 6 anwaue early repolarization luusiazuy®

Rapid ly ascending ST-segment Horizontal ST-segment

LLL\ el —
A

Tukkanen (2 )
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Tpeak — Tend interval

7ETUNNTENINNEINGIG M uazdiuLlanegnaes T-wave (interval between the peak
and the end of the T-wave, Tpeak to Tend [TpTe]) Lﬂumﬁm‘ﬁmémuﬁq transmural

dispersion of repolarization 284 left ventricle AnEsaNqEuNNANNIAEIARNTIAA reentrant

69)

ventricular tachyarrhythmias®® ' viane1134awuan &A1 TpTe NN AzNNAMNLANAS

) . - o (70) v a = = . =i
ventricular arrhythmogenesis LWAZNTLALTIALDEILNAU srelsNAINNNTANE AT

filoalsmluamng wudne TpTe TN ANWUSILNNIAA ventricular tachyarrhythmias was

71-73

sudden cardiac death”" dqupn TpTe fasenqwinlaaafinAu@eaiii nuIuanisIae

= o

Fsaaaluwindu ™

Rollin WATANLE WLNAN TpTe 2 90 ms W precordial lead lafl# &

sensitivity 72% Waz specificity 80% lun1snwag  ventricular tachyarrhythmias'”

Zumhagen WATANLY WUIAN TpTe 2 77 ms %98AN TpTe/QT 2 0.205 a1agaeinung

ventricular tachyarrhythmias 157

. . . 1, 6, 10, 34, 75, 76
Programmed ventricular stimulation : )

o

= 1 4 L4 v 1 . 9 . .
INNANMUANAULDHAENUALENNLWIINITNU inducible ventricular tachyarrhythmias

AN electrophysiology study ANWUENALINNILAA spontaneous ventricular tachyarrhythmias

W75-77)

vigalu UNNNTANHINLAT inducible ventricular tachyarrhythmias TaginunanIsiie

6, 60, 77, 78)

spontaneous ventricular tachyarrhythmias TuauiAm l&' wsin9AnE ey luiaa

2 fesesiinanzdsannisAnmnlung 3 nnadnmdindaari

san lua L ngeiu
(gUn @ 7) wudnTungu inducible ventricular tachyarrhthmias aziisANMIALNABNTA
spontaneous ventricular fibrillation AR 4.5% Weuiy 1.4% 1uﬂ@jm non-inducible 118
Aasnnhl 4 - 6 1 wsiitiasannulefimus lugasngueneiutiasuindagaann
. ~ oA = L - o o - A
electrophysiology study tiNenatingiaenasldineaswedniunislszidiuau@alunig

o

1R
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sUnmd 7 A, fayaaneniselug) 3 eniase™ ™ Anwdihelie wamei lidiens
Uasy electrophysiology study 594 781 98l niiFamusaiiuaa 4-5 7 B, 10ya
9398 5 91d3e8 Ansgiaelen lamefinenduamaunal uazii
electrophysiology study 794 512 31¢ mnuguﬁmm’mﬁmﬁuwm 3-51 (NInan Adler A,
et al. Risk stratification in Brugada syndrome: Clinical characteristics,
electrocardiographic parameters, and auxiliary testing. Heart Rhythm. 2016

Jan;13(1):299-310. PubMed PMID: 26341603.)

Asymptomatic Brugada syndrome.
Japanese Study Europe FINGER Study Latest Brugada series All 3 studies combined
Drug: S| Drug S Drug-induced S Drug-
type | type | type | type | type | type | type | type |
57 34 172 197 40 281 269 582
[ mducveve [] [l wnduciieve [ [l inducibievr [] [| inducibieve [
32 (56%) 20 (58%) 63 (37%) 74 (37%) 1 (27%) 21 (7%) 106 (39%) 115 (20%)
§ wepmeciavr | | R | Bt | Brirrredid
1132=3% 0/20=0 1/63=2% 3T4=4% IM=27% 2121=10% 5/106=5% 5/115=4%
1152 =2% 41137 =3% 5132 =16% 10/221 = 4.5%
Sp Drug-i d Sp Drug-induced  Sp Drug d |8 Drug
typel type | type | type | type | type | type | type |
57 34 172 197 40 281 40 281
ﬂ Negative EPS ﬂ ﬂ Negative EPS ﬂ ﬂ Negative EPS ﬂ ﬂ Negative EPS ﬂ
25 14 109 123 29 260 163 407
Spontaneous VF l Spontaneous VF l 1 Spontaneous VF 1 Spontaneous VF
at 4 years at 5 years at 5 years Al 4.6 years
2125=8% 0/14=0 21109=2% 11123=1% 0/29=0 3/260=1% 41163=2.5% 4/397=1%
g S — T P
2/39 = 5% 3232=1% 3289 =1% 8/560 = 1.4%
B ] Brugada syndrome with syncope.
Brugada (2003) Finger (2010) Sacher (2012) Take (2012) Takagi (2014) Total
100 233 47 72 60 512
EP+ EP- EP+ EP- EP+ EP- EP+ EP- EP+ EP- EP+ EP-
61(61%) 39(39%) 109 (47%) 124 (53%) 14 (30%) 33(70%) 38(53%) 34(47%) 46(77%) 14 (23%) 268 (52%) 244 (48%)
Spontaneous VF  Spontaneous VF  Spontaneous VF  Spontaneous VF  Spontaneous VF  Spontaneous VF
l !ml ISp-al luml lly.:l ISMI 13-51-11
14(23%) 2(5%) 10(9%) 6(5%) 2(14%) 2(5%) 16 (43%)16(47%) 5(11%) 3 (21%) 47 (18%) 29 (12%)

2.6 N195nEN (Treatment)

s 8 uuamwlunmsiiansaulaiunisldiaseanszgniiala (1CD) lugiaalsaluasie
(nnann Priori SG, et al. HRS/EHRA/APHRS Expert Consensus Statement on the

Diagnosis and Management of Patients with Inherited Primary Arrhythmia Syndromes:
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Document endorsed by HRS, EHRA, and APHRS in May 2013 and by ACCF, AHA,
PACES, and AEPC in June 2013. Heart Rhythm. 2013 12//;10(12):1932-63.)

Prior cardiac arrest or _-
sustained VT
1
Spontaneous type | b':!_“|

ICD should
a ECG and hx of syncope | idered
fla due to VT /VF
Class ITb —[b]
Inducible VF on EPS ICD may be

considered
- Asymptomatic with
drug-induced type 1
ECG and family hx of

SCD

Lﬂdi@\iﬂﬁ‘:ﬁmﬁ'ﬂ@ (implantable cardioverter defibrillator, ICD)“)

o a o dldy o oA a a o
unisdnenesludaqiiy ndeyataaudllssananmlunisdeeiunis

73179 §12%)

a aa a [ 7 ( 1 (3 A dl ¥ !
weainmgunaulugioglsnlvanie atnelsfimuniazunsndauinyliainnisla

ICD fidl 1w wAsasnszsnldmanzas (inappropriate shocks) @1 ICD lead WABUAMML

v
681519 Feiuniaaentsviin

v
N1EMRBALABARIAARL  N1NLRATE LAYNINENNAALA |
dszlaminazinsnewaeniihanniunsldirsasnszaninlaasianudrAnyiluetnemnn

Waltiinnlszlamigagaungianluusiazae
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UNN 3

8ALUUNN5IRE

3.1 sduuuns3]® (Research Design)

Wunnsade @i ziiuLy Analytical cross-sectional study

3.2 sz1ilaun 6948 (Research Methodology)

tszansiinuung (Target Population)

v
6 o

frlaeTenluamarisunangnld 1ICD ulsanenunaqiiaansnisisustl w.m.2540 -
W.A. 2560

1lsxai1nsn M lun12An (Study population)

dszgnsulmanaynauiinwnasianaanidinsunuise

LN ARLABNIEN391914A 48l (Inclusion criteria)

filaeTsnluamanlfiunisiiadunsamuinngiaes  HRS/EHRA/APHRS  Expert
Consensus Statement on the Diagnosis and Management of Patients with

Inherited Primary Arrhythmia Syndromes 2013 LL@:QTIM ICD

3.3 AUNAAIDENS (Sample size)

[FINNITNUNIUITIRUNTIN 1A Jesus Castro Hevia LazAne 1%ﬁﬁﬂ’]?ﬁﬂi§f’] Tpeak-
Tend and Tpeak-Tend Dispersion as Risk Factors for Ventricular Tachycardia/Ventricular
Fibrillation in Patients With the Brugada Syndrome Faths lunnafinunasaildAnsuls

Tpeak to Tend interval Tunsinuianiaiin VT/VF 1agl Area under ROC curve =0.7861

24
o o o

i@anAn cut off 1 2100 msec Taa Sensitivity =77.8%, Specificity =70% #d1iu HA8A9tiN

v

ANADAAINATY UNUAN lugnIAasl
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N = [Z, 5320 + Z, v, + v, TP
d2

Taennuunlil N = auaFfa2

Z, Aeftype lerror  Nvualit a =5%:; Z%: 1.96
Z, ABAN type Il error  NUUATH b = 20%: Z,=0.84
AUC under the alternative hypothesis = 0.50 = @,

ROC curve under null hypothesis = 0.786 = Q,
Q=09/(2- q)=033

Q,= 2¢/ /(1+ q,)= 0.69

v,=Q+Q,- 2¢/=0.53

v,=Q+Q,- 2¢0=-021

wnupn lugng

N Zany2+ Z,\+ v, _ [1.96y2" 053+ 0.84/0.53- 0.21]° _ 75 15
pum d2 -7 - .

(0.50- 0.786)2
At lunN9A NI ATNAL ARININIIANHIRNNIUAFQALNIIUNA 76 578 LU

asinaLing

3.4 A8N19LININRNA1FNAS (Approach to participant)

Wufjilelupuguanesinndagsananivnla nasanigilaednunld 1CD nns

%

Tasensasliideyadeniaids uazaaniniuaenidinlasans Weeanaadnstunen faya
] o =K 1% =2 o 6 dl & a ' o va o o o
sinazgniunntisondauesingdndt  Wasiesnisfinseanaasinafiduasingluusringi

LAZURBUIAABLA N TRLALNNLAN

3.5 M999UsINTLaya (Data collection)
va o Y o K =3 v = dl o 7
gasedudiiuin Wuseusmsdeyaanngssiiow wazpdauliininlaaasdiay e
% dl [~3 %
fayanaziiutlsznatsiae
1. dayatlszans 1Hun we, ang, UsydR@eidnaaunauluasaunia, dsedmily

anviuadR dauiatlu arrhythnmic syncope, non-arrhythmic syncope, 1138

unclear



2. iudayaainaaulniniiala laun

- 9m PR-interval, QRS-interval, QTc-interval, TpTe interval

- #n fragmented QRS, aVR sign, early repolarization, atrial fibrillation

3. Inducible VF in electrophysiology study (EPS)

4. fayaasasnszaniiala lhun iasasnseaniinladen visalddan, i appropriate

98 inappropriate shock, appropriate shock ’ﬁm*q, inappropriate shock Al

3.6 nﬁﬁm'ﬂzﬁ"ﬁm&a (Data analysis and Statistics)

n1saldeya NIITLAUD NMAgaL
(Summarization 3]]@3;1]@ muuﬁgm
of Data) (Data ( Hypothesis
presentation) testing)
Hayavialy
- VAN WA, UsedR | - Ration - Table - Odds ratio
BeTimmeaunaily - Proportion - Bar diagram | - Univariate and
AtauA3Y, Usedmiluaunnn | - Percentage - Pie diagram | multivariate
@R (arrhythmic, non- analysis

arrhythmic, or unclear),
fragmented QRS, aVR sign,
early repolarization, atrial
fibrillation, inducible VF in
EPS, iiasdamideliden,
v appropriate shock 199

inappropriate shock
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- @9LfFuned : @g), PR- - Mean - Cumulative - unpaired t-test
interval, QRS-interval, QTc- Frequency
interval, TpTe interval, Graph

AU appropriate shock,

AU inappropriate shock

3.7 429N AlUN199]8 (Study limitations)

!
a v 1 a

o (thandindanniady dufilelsaluamanld 1cD Asdlfdudaunuaesngs
dszanasvianun Inseniznguililaalsnluananlalsla 1CD
' dl 14 o A o :// dl ° A a a

® @ T-peak to T- end MlAx1aNNIsdatia Awiuiatllldenainaauiianais

39418 (inter- waz intraobserver reproducibility)

dl =3 b4 A o = % ! dl
L4 Lu@\imﬂLﬂuma‘mum@wmwmmnLqm:mﬂu ADHAUNAIU I@HL@W’]X@@HVLWVQ\T”I

Wilaanalidn visegoyms

3.8 4aNA1TUIAUA3e 555N (Ethical Consideration)

1. uanAANINlULAAA (Respect for person)

1 v 1 = Y 1 % X v v al 1 1
ﬂﬂuLs]ﬂﬁ"]Niﬂﬁ\?ﬂq? @zﬂﬂqiiﬁ?]'ﬂﬁ;!@@ﬂq\jﬁiﬂﬂqumﬁﬂl@m LL@zﬂJ@L@ﬂmf]\Tﬂ bTid
oo o v A o iaal a aa aa ' Iy '
Q’]urJ@ﬂu@’]@Lﬂuﬂ’mLL?ﬂV]uqiﬂ@jQﬁﬂ’]?ﬂguqu\jﬁ@unlﬂﬂluﬂuqﬂm Iﬂﬂ"ﬂ‘ﬂ?@l’@m’]\?ﬂﬂﬂ\i

andnasinsazlignidawedfudeyaredlas  naw@inesunaliienarasipadinlaiuacinan

o

ananadasaviiugindulalironutiuganiinsnlunisiduiasetndassfioenues 1ie

o v & o KR 9 ! =3

pnaulaudaasliiiutunen uay iindeys newiuding uieyanuide

a

2. yannislnsslami linaliiinasunsie (Beneficence/Non-maleficence)

filvaaglifunisguatninuninsgiunisinenludaqiiv Tnelifiaanides
al a 1 ¥ a o A ' ¥ o L7 v KX v
Wain Tddazdingananuddensall  uariieyanisinmaesgilielag lununiiuindasgaas

uprnay Tdmaunsdayanazszyieiafiaaananly
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3. UANAINEIRAa39H (Justice)

Fnausinzdndiniazaandmiai (inclusion and exclusion criteria)

3.9 fleyw1n9asea558 (Ethical considerations)

=2 & o dl o 5% a = ) ¥ ! o 7
- LﬂummﬂmmuummmmLmefaanJ@mu 1NNﬂW?Lﬂ®LNEI%I@S;IJ@@Q‘L&WJ“H@QWJQEI LS
nsthauanan1sAneaziunnsnaesnisAneiaana W lfiauedeyameyana

= d”ﬁ 1= a
ﬂ’]ﬁ‘ﬂﬂﬂﬁuﬂﬂiﬂﬂﬂmﬂ’m’%ﬁ?ﬂﬁﬁﬂ\l
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UNN 4
HANNSILATIERT YA

4.1 Uszan1sMinsnAnen

wuindfihelsaluanislulsmenuiaaiiasnanifignls 1CD Tudastin A 2540-
W.A. 2560 UAZEUINEAENGaNNNsANEN S9BeRnL HRS/EHRA/APHRS Expert
Consensus Statement on the Diagnosis and Management of Patients with Inherited

Primary Arrhythmia Syndromes 2013 la%uA 32 918 (118 96.9%)

4.2 TayaNuzruragilog (n19199 2)

filalsnluamanlisunislawsesnsyaniiala 32 918 (1181 96.9%, angiadn 37 +

a

12.7 ﬂ L‘flué;:ﬁi umﬂmmmLW@ﬂmﬂm"muﬂﬁuqu (primary prevention) 3 918l (9.4%)

1Eunnsldimeeaiiiasannins AN uaAgE 12 218 (37.5%) a2 lE5unnsldmseiiasann
o % dl a =) dl

e lavgaLiv 17 918 (53.1%) wemnmull 7.3 + 4.9 T wudndifsasnsyeninladen

=

313 A Waluiilag 13 38 (40.6%) Afilaeniilszdfdeminaaunaulunsauni 11 9
(34.4%) N ﬁﬂ%ﬂmﬂu spontaneous type 1 ECG pattern 31 378 (96.9%) Lag MNﬂ’mmﬂﬂ
I atrial fibrillation 7 918 (21.9%) WLAN®TWE early repolarization @ﬁﬂﬂﬁlﬂﬁ/\lﬁ’]ﬁ'ﬂﬂ 7
9181 (21.8%) 1ael 5 s18WUR inferior leads WATAN 2 298WLA lateral leads NNANEAT

! A Pt A aa A« o =
ANLRAEY8Y T-peak to T-end A 96.19 + 24.37 AARIUIN HN1991 EPS 19 91edalu 19 9¢)

Tn3zsiu VIVF 11 17 918 (53.1%) wuhsednszaniialadenluimianzas 8 918 (25%)

@WLWMWN@L%MWT} supraventricular Wag atrial tachyarrhythmia
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A19199 2 anwauelseTIng N (%) or Mean + SD.
Sex (male, female) 31 (96.9%), 1 (3.1%)
Age (year) 37 +12.66
Indication of ICD
Primary prevention 3(9.4%)
Syncope 12 (37.5%)
History of SCD 17 (53.1%)
Mean follow-up period (year) 7.3+49
Family history of SCD 11 (34.4%)
Spontaneous type 1 ECG 31 (96.9%)
History of atrial fibrillation 7 (21.9%)
QRS (ms) 98.75 £ 17.92
f-QRS 1(3.1%)
Early repolarization 7 (21.8%)
Inferior leads 5(15.6%)
Lateral leads (V5-6) 2 (6.2%)
QTc (ms) 406.59 £ 46.84
T-peak to T-end (ms) 96.19 + 24.37
Inducible VT/VF during EP study 17/19 (563.1%)
Appropriate shock 13 (40.6%)
Inappropriate shock 8 (25%)

Values are n, mean + SD, n (%), or n/N (%). ICD=implantable cardioverter-defibrillator;
SCD=sudden cardiac death; ECG=electrocardiogram; f-QRS=fragmented QRS;

QTc=corrected QT; EP=Electrophysiological

4.3 uatdFaunguilaaanmnen

F119°9% 3 WlrsnauanEuzneaan uazaaulniniala ssudnedilaengn uay

' |
= A

1 dl o < Y 1 o < = o
Tdgniesasnszaniiladen wudnfiaelunguigniasasnszaniladaniiilszdfintsan

amanniaziialangasiuain VIVF usiuauninnangiosunguinlaignirseanszan



Waladanm (11 of 13, 84.6% vs. 6 of 19, 31.6%, crude OR = 4.85, Cl = 1.27-18.48,

41

p=0.005) uaz A1 T-peak to T-end AazenandrateliEd ATy nINat A ungungniAsesden

(108.9 + 29.2 ms vs. 87.5 + 16.2 ms; p=0.027)

Analysis)

Age

Family history of
SCD

Indication of ICD
Primary prevention
SCD

Syncope

SpT1 ECG

f-QRS

Early repolarization

QTc

T-peak to T-end

EP study

Inducible VT/VF

No inducible VT/VF

Appropriate
shock
(n=13)
32.85+
12.65

6 (46.2%)

0 (0%)
11 (84.6%)
2 (15.4%)
13 (100%)

1(7.7%)
5 (38.5%)
409.31

59.23

108.85

29.17

5 (38.5%)
2 (15.4%)

No

Appropriate
shock (n=19)

39.84 =
12.18
5 (26.3%)

3 (15.8%)

6 (31.6%)

10 (52.6%)

18 (94.7%)
0 (0%)

2 (10.5%)
404.74 +
37.83
87.53 +
16.15

12 (63.2%)
0 (0%)

] [ 1 ‘ 1 H o [ . .
A17°97 3 anwasdilaiign wazligniaTadnszanialadan (Univariate

Crude
OR (95% CI.)

0.95
(0.9, 1.01)
1.64 (0.73, 3.68)

0(0, 1)

4.85 (1.27, 18.48)
0.3 (0.08, 1.14)
1(0, 1)

2.58 (1.66, 4.02)
2.23(1.07, 4.67)
1.01
(0.99, 1.02)
1.05
(1.01,1.1)

0.29 (0.14, 0.61)
3.4(1.63,7.1)

p-value

0.131

0.283

0.253

0.005*

0.062

0.406

0.091

0.783

0.027*

0.049*
0.049*

Values presented as number (%) and mean = SD. and Odds ratio (95%Cl.). P-value

corresponds to Logistic regression analysis. ICD=implantable cardioverter-defibrillator;
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SCD=sudden cardiac death; ECG=electrocardiogram; f-QRS=fragmented QRS;
QTc=corrected QT,; EP=Electrophysiological
Lﬁﬂﬁﬂmmim multivariate analysis W11 n13x early repolarization (adjusted OR = 17.36,
Cl =1.53-196.8, p=0.021) Lag AN9H AN T-peak to T-end ‘171If;|’1f3 (adjusted odds ratio (OR)
= 1.08, confidence interval (Cl) = 1.01-1.14, p=0.016) ﬁuﬁuﬁr”umit,ﬁml,ﬁ?mm‘w;ﬂﬁq"l@

@ | Ao o o =
TAARENNULANATY (A1T19N 4)

715197 4 anwazgilaeadign uazlsigniasanszanialadan (Multivariate
Analysis)
Crude Adjusted
p-value p-value
RR (95% CIl.) RR (95% CIl.)
Early 2.23 17.36
0.091 0.021*
repolarization (1.07, 4.67) (1.53, 196.89)
T-peak to T-end 1.05 1.08
0.027* 0.016*
(1.01, 1.1) (1.01, 1.14)

¥

WUIIANENIUBIAT T-peak to T-end duwusiudesisdlunislésunisldirses
nazpniialaataliig1ATYNI9aRE (19199 5) Tner A1 T-peak to T-end azenanigalungs
dl Vo ! dl o dl a aa = o ! 1% |dl
nlFfunisldwzasnseaninlatissanniee @eTianRaundunnney  ausoalditiasainiae
duauvneai waz lditedesiutlgugininasu (106.5426.6, 88.3+14, 69.310.1;

p=0.014 respectively)

715199 5 ANANNUETEUINAIAIINE1IUBY T-peak to T-end bazdiatdluns
‘lﬁ)”'}'um'i’ldm?:mn?z@m%%
Primary Syncope SCD p-value
prevention (n=3) (n=12) (n=17)

T-peak to T-end (ms) 69.33 + 10.07° 88.33 + 14.03  106.47 + 26.62" 0.014*

WUIAN T-peak to T-end Aignanan 110 Radun AN sensitivity 53.8%, specificity

89.5%, waT positive predictive value 77.8% ImeilAn area under the receiver operating
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characteristic (ROC) curve 0.745 (95%CI = 0.558-0.932) Tun199inunensifinLATasnszen

Waladen (sUnnA 9 uaz 719199 6)

gﬂn’rwﬁ 9 T-peak to T-end receiver-operating characteristic (ROC) curve.

0.50 0.75 1.00
1 1 1

0.25
1

0.00

T
0.00

Area under ROC curve = 0.745 (95%Cl: 0.558 to 0.932)

T
0.25

T
0.50
1 - Specificity

T
0.75

T
1.00

' 1 1 o a ‘ o [
115797 6 A1 cut point 74BN T-peak to T-end 1WAYMUILNISINALATANNTEANYA laTRA

Cut
off
64

69
75
85
93
98
110

Sensitivi
ty
92.3%
92.3%
92.3%
76.9%
76.9%
69.2%
53.8%

Specifi
city
5.3%
10.5%
15.8%
57.9%
63.2%
68.4%
89.5%

PPV

40.0%
41.4%
42.9%
55.6%
58.8%
60.0%
77.8%

NPV

50.0%
66.7%
75.0%
78.6%
80.0%
76.5%
73.9%

Accuracy

40.6%
43.8%
46.9%
65.6%
68.8%
68.8%
75.0%

LR+

0.97
1.03
1.10
1.83
2.09
2.19

5.12

LR-

1.46
0.73
0.49
0.40
0.37
0.45
0.52
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un 5
afUsana AFUNANITINY UATTRLAUALUE

5.1 andsauna

o o

a o d’l = 1o aa dl o v dl

nuAdsifunsfnIndnruen1epatin uazpaulniinlawuulating NduwLs
o a dl o < P2 A a dl o [
Aunainaazaanseaniialadenlugiaalsaluanie Iaaldniafiaesesnsyanialadans
gN19UNIZAN (appropriate ICD shock) WHWANLAAY sustained VT/VF MaNeNN AR
dunanauntihiinudn nnsiiszdRues sustained VI/VF visatpainiaziinlaveaisiu
ReunaY, waduannagfainnazialadiuiindaazaiin VIVF innew, a1g (angiias
n41 60 1l m@@mmmlﬁm), Y spontaneous type | Brugada pattern ECG, X fragmented
QRS complex, § early repolarization, kaz HAN T-peak to T-end N817 FURUSALNNTIAA

VTV Tufilaatsnluamna™

|
7

NsAnENT8sNLdn Sefamall 7.3 « 4.9 T fitled ﬂ@vqmmﬂm%wmmu

a

AN VT/VF 4y A1 T-peak to T-end g9 ﬁuﬁufﬁumﬂﬁml,m%miwlﬂﬁq%%@ﬂ

UANANNTNNUARETBUITNLIIAN T-peak to T-end NeNandn 110 AW AAN sensitivity
53.8%, specificity 89.5%, wa¥ positive predictive value 77.8% ImeiilAn area under the
receiver operating characteristic (ROC) curve 0.745 gailusniaanunaulalunimnune
a dll o [~} a o da/ 1 dl % da/ 1 a a
naiaLeETeInszaNiladen UIRBTNUGY VTVF ANsefuaingendnanisnsiagssnen
Tnwiala (inducible VT/VF during EPS) Tiaanndesiuniafiaasasnszsniialaden

9/

e85 geinlafimuemidaiia power laiwaiiiasann

apnARaNTULNgIBI U auniing
dszanisAnmlugiudieyaiies 32 91e Faannisauanlaedenunisdnsuin aos
azlfauaungusnacing 76 el power 80% (type Il error) wiladnanaidaulsaun

Auiusiuniafiaesesnszanialaden wianuasetwlszainslinenazuanaisdAty

NINADA
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[ a o
AARTIUDIIUIRE
= & o R o : a A v @
nanisAneiaduayudIngieelsaluanienidessanisiisrsasnszaniinladen
Wi frloandsyifimaialavgasiuain VIVF uaz filaeiiien T-peak to T-end an
pauliiladians Taaenizannnda 110 fadauni asiiuenudiladdseanuannanly
=2 ' v dy ¥ :; d’l ' IS L dl P aa b4
naAnenauniintl uazn1shunuATIE Aadnaziilselomiinatlszena i lunteaatinla
1 dll V] d'd d' % a
v Wenugtlaalsaluamenipanidesgaanade Inglanininden T-peak to T-end
' A aa A RN e = | a
1NN 110 Hagdaud anaeunulidnfiaalsnluananguidiaonudssgesianisiin
VT/VF uag SCD 1 llgnisiansaunld ICD wazluszazanaunndaasliinonudnAtyiu
v 1 d” = 1 a dl P73 . - 1
frlaamantliduiiAnszndnaniInaananINnuungaeuean (outpatient visit) L
ADLINN UAZAIIRVNUANIUTIBNATRINTTANY ladan YnATTNInLwAnE iasainnis
Tnwrsaanszaniialadenvinliinmunnadnaesgioaugas Belndniueanaiaisanli
n13¥n®IA9e antiarrhythmic drug %sa M1 epicardial substrate ablation M nglae
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