n15kdA1 T-peak to T-end Tumsnennsalnauinannisnaaeulagnisldenseiuwarunau

Tugthenasdeindungueinisuznian

w.a.udyen Fnuusgn

a Y

WRINSRNIIUNANERTUT YR INeEan U adin

A7}

e @ ] =
b

s UNUS U uaIUNY
A1U1IV10YIAENT N1ATY1DIYTANANT
ATULINVEAIARS IRAINTAUUN NS

Unsfinw 2564

AUaAVEvIPAINTAIININeAY



T-peak To T-end Interval For Prediction Of Positive Response To Ajmaline Challenge

Testin Suspected Brugada Syndrome Patients

Miss Mananchaya Thapanasuta

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Medicine
Department of Medicine
FACULTY OF MEDICINE
Chulalongkorn University
Academic Year 2021

Copyright of Chulalongkorn University



WL INeINUS nslaian T-peak to T-end Tuniswennsalnauanain

nsnaaeulagnsldenseduwavunaulugienasdy

Indungueinisugnian

log wautyve griuzan

GRUAPRY GRURGRETH

919158 N Ineniwusudn AYI8A1ERN319158 Wewnndauye Usurimd
9sETUS N Ineninud s WANENRYIANTIU Baziaue

AIZUNNEANERS PRI INGI8e oulRlituinendinusatuildudiumilsves

nsAnwAumangnsUSy N Ine1eansumUne

(599A1871519758 WIBWANETUYIE FNTIUY)

AMNISUNTADUINYTNUS

(599M1ANT1758 Wnndnaunl Usayaileina)

o

(509AANSIANTY UIELNNEANTNGY UNTLIF)

AMURAPELNNEAENS

Us¥51UNIIUNIT

sl ¢ a a s (Y
9719159NUINWNINYIUNUTVAN

2197159MUS NWINSANUS I

A33UNTT

NITUATAILUDNNUINGIAY
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Lﬂun?jmmmiugmm. ( T-peak To T-end Interval For Prediction Of Positive Response To Ajmaline Challenge Testin

Suspected Brugada Syndrome Patients) 8.1Unw &N : WA, un.auwne Usvniand, . uSnwsim : wey.sivisndl Aaziiniug

7un: nguensugmanitadelasendoadiuliivilafifdnuue coved-type ST-segment elevation U3vany right precordial &4
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17 WUIININIERWIBELeYNIEY (Ajmaline challenge test) linaifininen flecainide uaz procainamide Tuns3fiade

FufunsnwineuminiinudiAives T-peak to T-end Mnadulniwihlafienduiusiuniainaneilaiesdadufindme suusdudiielse
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corrected QT wazA1?83 S wave duration Iagthasing q Useliudiuraannmeasulaensldennseduueuniu

wan13AN: WugUae 16 18 (Humaniedesay 93.7 o1gads 40+15 U) rfunismeaeulagldenssdulesundudeds
UsdiiusyiRauluaseuaildsunsitiadeindungueimsugnmmiasas 37.5 fensmueailaglimsvanuniosay 438 uasiiniiiilange
Wunsiuiufesay 18.8 Tasnanismadeulnenislinssiunernduiiuuin 12 110 @aludesas 75) Msfinwiinuindwes T-peak to T-
end uazAuas corrected T-peak to T-end Tugithetasdindungueinisugnimliduiusfunauinanmanaaeulnsnmsldense fuuetan-
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# # 6370095030 : MAJOR MEDICINE
KEYWORD: Brugada Syndrome (BrS), Ajmaline, Sodium-channel blocker, T-peak to T-end Interval (TpTe),
Electrocardiogram (ECG)
Mananchaya Thapanasuta : T-peak To T-end Interval For Prediction Of Positive Response To Ajmaline Challenge Testin
Suspected Brugada Syndrome Patients. Advisor: Asst. Prof. Somchai Prechawat, Ph.D. Co-advisor: Pattranee

Leelapatana, Ph.D.

Background: Brugada syndrome(BrS) is diagnosed in patients with ST-segment elevation with coved-type morphology in
the right precordial leads, occurring spontaneously or after provocative drugs. Due to electrocardiographic(ECG) inconsistency,
provocative drugs are useful for unmasking BrS. Ajmaline is superior to flecainide and procainamide to provoke BrS. In Thailand, the
limited use of the ajmaline challenge test restricts the diagnosis and the assessment of the true prevalence of BrS. Prolonged T-peak

to T-end(TpTe) is associated with an increased risk of ventricular arrhythmia and sudden cardiac death in Brugada syndrome patients.

Objective: The study aimed to investigate the predictive value of T-peak to T-end interval and corrected T-peak to T-

end interval for predicting the positive response of the ajmaline challenge test in suspected Brugada syndrome patients.

Material and Methods: We conducted a single-center, analytical study of all consented patients aged at least 18 years
with a familial screening of BrS, unexplained syncope, or resuscitated sudden cardiac arrest(SCA) with suspicious Brugada pattern
form, underwent indicative Ajmaline challenge test at our center. Clinical characteristics and electrocardiographic parameters were
analyzed, including TpTe, corrected TpTe, QT, corrected QT(QTc) interval, and S wave duration, compared with the result of the

ajmaline challenge test.

Results: Between August 2018 and December 2021, a total of 16 patients (Male 93.7%, mean age 40+15 years)
underwent indicative ajmaline challenge test; familial screening 37.5%, unexplained syncope 43.8%, and resuscitated SCA 18.8%. The
ajmaline challenge test showed a positive response in 12 patients (75%). The study found that TpTe and corrected TpTe interval in
suspected BrS patients were not significantly associated with the positive response of the ajmaline challenge test (TpTe: Il Neg
96.2+8.7 ms vs. Pos119.2+28.6 ms, p=0.133, V2 Neg 127.2+29.0 ms vs. Pos 112.1£19.0 ms, p=0.243, cTpTe: Il Neg 102.5£16.0 ms vs.
Pos 124.2+36.7 ms, p=0.379, V2 Neg 135.0+34.0 ms vs. Pos 116.2+24.0 ms, p=0.239). The QT interval, the corrected QT interval, and
the S wave duration in suspected BrS patients were also not significantly associated with the positive response of the test (QT: Neg
412.2+35.0 ms vs. Pos 401.8+28.2 ms, p=0.554, QTc: Neg 436.2+33.0 ms vs. Pos 408.8+26.3 ms, p=0.110, S: Il Neg 41.5+16.8 ms vs.
Pos 42.0+14.1 ms, p=0.954, V2 Neg 43.2+13.5 ms vs. Pos 55.6£0.9 ms, p=0.293). There was no adverse effect observed.

Conclusions: We found that the T-peak to T-end interval and corrected T-peak to T-end interval could not predict the

positive response of the ajmaline challenge test in suspected Brugada syndrome patients.

Field of Study: Medicine Student's Signature ......ccccocvveeninennnes

Academic Year: 2021 Advisor's Signature ..

Co-advisor's Signature .........ccoecveves
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1.1 anudrAgyuaznuvasdyniniside (Background and Rationale)

NgNeINNTUINAN° (Brugada syndrome) wselsalvasmeidulsaniaiugnssuid

¥
a a

AnRnUnAvesBuiiiisadesunsainsuazn1sieves cardiac ion channels A1yl
audesionsiinnmgilaesaaduiindnnseingunss (ventricular
tachyarrhythmias) uagld@edInaeunau (sudden cardiac death) Iuéﬂﬁaﬁﬁamwﬁﬂﬂﬂﬂﬁ
Huaivndrilvgvesmameihinsvaivelutazusundy (sudden unexplained death
syndrome) ﬂ&jummiugmmﬁﬁﬂéf&ﬂm&J@ﬂﬁﬂﬂ?ﬁlﬂﬂ’]ﬁﬂﬁ]ﬁﬁé’wmz coved-type ST-
segment elevation Tu right precordial leads %ammﬁﬂsﬁum (spontaneous Brugada
type 1 ECG) M%@Mﬁﬂlﬁ%mﬂizéju (drug-induced Brugada type 1 ECG) 8% ajmaline,
fleicanide 30 procainamide t{ufiu nguentsinulumemeuinniunends 8-10 i
pigadsfiuansonisadusnvniy a1 = 15 T dhednandeeonisuead viell agonal
respiration  FasvduINAMEEIlangaunssituiy Taefinsenuadausniinivglsulud
wA. 2535 Yagdunguainisuznianulunnaiadiuvedan ANYNYBINENBINITUININN

wiriuSesar 0.12-0.8 ANUYNYBINGUBINITUINIT UL TImdssemalnggeniniile

Weuiugiinindu Ineanugnlulsswelnewiiuievay 1.8

AUrenguoNsunnndisunuuvesraulniilandsuwdadlalidasi  naafe
annsanufudnualy saddle-back type ST-segment elevation lUaudls coved-type ST-
segment  elevation  Faimsveaeulaglduinseduiieldlunsidadungueinisugnin
Jagtuiimamegeusazlinsiiadendueinisusniamemmageulaensldenseiuuley-

a . . & o = & v DY a o oAl
WdU (Ajmaline challenge test) nswaaaians Falugrdtunisauilaiadvnengui

1 feeengvdlnedugslililaiondngiwad (Class I Sodium channel blocker) e

11. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm J, et al. 2015 ESC
Guidelines for the management of patients with ventricular arrhythmias and the prevention of
sudden cardiac death: The Task Force for the Management of Patients with Ventricular Arrhythmias
and the Prevention of Sudden Cardiac Death of the European Society of Cardiology (ESC). Endorsed
by: Association for European Paediatric and Congenital Cardiology (AEPC). Eur Heart J 2015;36:2793-
867.

22. Brugada J, Campuzano O, Arbelo E, Sarquella-Brugada G, Brugada R. Present Status of
Brugada Syndrome: JACC State-of-the-Art Review. J Am Coll Cardiol 2018;72:1046-59.
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AST3n (Ty) &y 1A5UN195U50991NBIANITOIMTHAZEIMMIENSFOIIFNT waziUszAnSamn
figandtnsldien fleicanide uay procainamide lumsidiadengueinis ugnian ealuas
ANUTIWIZTRININagaulasltaevNAuYAUSora: 80 waziesay 94.4 amawnutt
wiipsnsanfiunauasdildduiiunsuats Fdiaansavhnsveaeulngldouerunauly
lsmeuadiulngvessemalne vlidndansitadedUlsngdue1nisugniniwagininnis
Usgiilumnuyniiuvinsswesithonguensusnanluussmalne Snvdfdlaifinisfinun
Reafunmsmagouseeuerinaululsandlve  uenamninuin A1 Tpeak to T-end
AndusfuAuEsssonsinagilaviesanaduiindmmsaiagunsuaznndeding

[

= Y1 1 5
aeuludUlnguenisugninn

¥
LY a ¥V

FedununvesnuideiiidesnisAnwinnueivesdl T-peak to T-end interval

way corrected T-peak to T-end interval a1nmsasaamdulniilatunanisvaaeulng
1% Y a A ¢ v A o |

ﬂ’]ﬂ‘ﬁﬁl’]ﬂizG!uLLE]‘U@J’]ﬁ‘IJ‘VI“(DEIINﬂ’ﬁWEﬂﬂimB\IaU?ﬂf\]’lﬂﬂ’liﬂﬂaaﬂL@ Lwamlﬂqjumwmmi

AndengUlgaziuImanTItadegthengueIn1susniaimingaudmiulsenalny

1.2 A1014989N15998 (Research questions)

A1aNIenan (Primary research question): pdulWinilafinsranuaives T-peak
to T-end WwagA1wes corrected T-peak to T-end interval 7N81IEWNITAYIIUIENALINDIN

1% a L d' v 1 ) ' Y A 1
ﬂ’]i‘Vl@ﬁEJ‘U91’3EJEJ’]LLEJ?IM']ﬁUIUEU\lU'JUVIﬁQﬁ‘EJ'J"IL‘LJUﬂEleEJ"Iﬂ'ﬁUEﬂ']ﬂWVL@W%JVLM

A191U798589 (Secondary research questions): 1. U89 QT interval LazAIUDs
corrected QT interval NgduRusiurauININNITNAdaUlnensldenseiukesinauly

dUrenasdeindunguennisugnianvseld 2. A1wes S wave duration Mignadumusiu

33, Cheung CC, Mellor G, Deyell MW, Ensam B, Batchvarov V, Papadakis M, et al. Comparison of
Ajmaline and Procainamide Provocation Tests in the Diagnosis of Brugada Syndrome. JACC Clin
Electrophysiol 2019;5:504-12.

44, Wolpert C EC, Veltmann C, Antzelevitch C, Thomas GP, Spehl S, Streitner F, Kuschyk J,
Schimpf R, Haase KK, Borggrefe M. Intravenous drug challenge using flecainide and ajmaline in
patients with Brugada syndrome. Heart Rhythm 2005;2:254-60.

55, Tse G, Gong M, Li CKH, Leung KSK, Georgopoulos S, Bazoukis G, et al. Tpeak-Tend, Tpeak-
Tend/QT ratio and Tpeak-Tend dispersion for risk stratification in Brugada Syndrome: A systematic
review and meta-analysis. J Arrhythm 2018;34:587-97.



nauInINNIVageulaenisldenseuserindulugtenadeindungueinisugnia
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1.3 IngUszaeAvaIN133e (Objectives)

1. LWefnwanA1res T-peak to T-end WazA1U89 corrected T-peak to T-end w83
paulwihilagnansavinerauInaInnImegeussewesnaulugthefiasdeindy

1 v = 1
naueINIsUINIALavsal

2. WiefnwinAwes QT wazAwed corrected QT vasndulnirmlaanuisavinuienauIn

1% a Y a U 1 ) { Y A 1
"\]’]ﬂﬂ’]iﬂ@ﬁa‘Uﬂ’JﬁJEJ’]LL@“UiﬂauﬂLNE‘\Jl‘U’JEJ‘V]ﬁQﬂEJ')']LU‘UﬂQN@WﬂWiUEﬂW@WI@‘VTi@l@J

3. WeAN®WIINA1UeY S wave duration vespdulwiilaanunsavinuienaulInannig

o/ a 2/ 1 d‘ [V 1 1 Y A '
Vl@ﬁE]UWJEIEJ’]LLE]‘U@J']ﬁNIUE‘JJU’JEWIﬁQﬁ‘U'NLUUﬂ@@J@WﬂWiUEﬂW@Wi@Vﬁ@I@J

4. ansiUavullasues T-peak to T-end AnsiUdsuLUaswes corrected T-peak to T-
end ANsUasULUawEY QT Ansiasunaswes corrected QT wagAINIsiUasULUAY
Y83 S wave duration wadlaensEAULBYIIANENNNTaYIEIII AN TEITINe1veINITAN

lsAraengueIn1susnIalel

1.4 633Ag1UY8IN15398 (Hypothesis)
1. A1WaY T-peak to T-end interval kazA1vas corrected T-peak to T-end interval 7o

anunsavhweNavInaInmIegeusseesnduluiteiasdedndungueinisugnia

2. A4 QT interval kagA1v89 corrected QT interval NY1IEIUITOVIIUINAUINDAINATT

naaaumesetinaulugUlsnasdeindungueinisugnia

3. A4 S wave duration 7g13@1TAYIUNENAUINAIINATNAFR UL aYINAUTuLU

= LY [ !
N dUNquoINITUININI



1.5 AdAgy (Keyword)
Brugada Syndrome (BrS), Ajmaline, Sodium-channel blocker, Tpeak to Tend

Interval (TpTe), Electrocardiogram (ECG)

1.6 NTaULUIAMUAATUNI5IVY (Conceptual framework)

Figure 1 U@AINTDUAINUAALLIIY

Moderator variables
- Concomitant use of BB
- Gienetic mutation

Patients . Ajmaline l > Test results

suspected BrS challenge test T

Control variables
- Co-morbidity
- Potassium level
- Glucose level
- Febrile illness or hypothermia
- Medication ie TCA, fluoxetine,
lithium, antihistamine, cocaine,
propofol and trifluoperazine

1.7 msWiAnlgnandaufjianleluniside (Operational definition)

- T-peak to T-end interval Ao Sxegsening T-peak Berpf1UNUIVeY T wave 71gin3e

'
o

AMandn isoelectric line U T-end #epheyndnseninadududa downslope voq T
wave fiu isoelectric line (tangent method) 1115399 lead I, Ill, avF, V2, V5 uag V6

Aagun 2



Figure 2 La@AIN1TInAY T-peak to T-end interval a1nnsnsramaulninmla®

QRS Complex

R

Tpeak Tend

5 S INL

Tasc Tdesc

7

QT Interval

(4
a

. QT interval ApszziiinangaiEuduves QRS feqndugaues T wave Jsieqafnszning
dudura downslope 109 T wave iU isoelectric line I%ﬁﬂﬁmﬂﬂﬁlfm

+ S wave duration o SzazfudREIRURRARUAATEY S wave TMTIAT Lead I, I,
avF, V2, V5 wag V6

. mIwlanadnvareduliiilerzssnunadudadiug

« N19AUIEL corrected QT interval Way corrected T-peak to T-end interval 21475
Bazett’s formula

« High right intercostal leads (Brugada leads) vanegis n13fn lead V1, V2 wag V3 Tu

ALYD9I19TENINTLATINUVIYRN 2 Uay 3 AegUn 3

6. Rosenthal TM, Masvidal D, Abi Samra FM, Bernard ML, Khatib S, Polin GM, et al. Optimal
method of measuring the T-peak to T-end interval for risk stratification in primary prevention.
Europace 2018;20:698-705.



Figure 3 LL@AINT1TAA Brugada leads

VI ' V2
vi P N4 N V2
Vi -l V2
v3

—— V4

- Type 1 w30 coved type fia auliiiilafifidnwae J-point elevation egatios 2
fadums (0.2 fadlad) mumAle  descending ST segment Way negative T wave Tu

inniFewiiu 1 lead Tu right precordial leads fsgud 4

Figure 4 wansndulndlwiladnuay Type 1 morphology 138 coved type?

i E

- Type 2 w0 saddle-back type fia pauliiiilafiidnuae J-point elevation agniias

2 fiadwns 59U positive %58 biphasic T wave Tuwnnniusewindu 1 lead Tu right
precordial leads ¢195U# 5



Figure 5 wansndulnilwiladnuae Type 2 morphology 138 saddle-back type?

.« Type 3 #in adulwihlafilidnwug coved nie saddle-back laedl J-point snfatioy
N1 2 Tadluns way ST segment  8adatioani 1 Haawas Tuunniuwsewindu 1 lead

Tu right precordial leads éﬁgﬂﬁ 6

Figure 6 uanspduliiiladneae Type 3 morphology’

=

- First degree relative ¥3agy1fangnss oA Ja1 115a71 W o wazuns

77. Enomoto K IM, Nagashima R, Kaneko T, Maruyama T, Kaji Y, Tsuda Y, Kanaya S, Fujino T, Niho
Y. Effects of ajmaline on non-sodium ionic currents in guinea pig ventricular myocytes. Jpn Heart J
1995,36:465-76.



1.8 3UuuuN15398 (Research Design)

3

Wuns3981393msng9t (@nalytic study)

1.9 521U8U5N159398 (Research Methodology)

- Uszvnsidmune (Target population) ﬂﬂaaﬁﬁm&;aéwﬂaa 18 ¥ fifluszaauly
aseuATilasun1Tidadedndungueinisugnia vsellensnunanlaglingiu
a1 (unexplained syncope) viseilavemiunsyiuiy (resuscitated sudden
cardiac arrest) wfviidnvazadulniiinlafiasdonguenisugniausdilaiiniu
\naiN1TINAeY

+  Uszvnsgu (Sample population) Qﬂwﬁﬁmqaéwﬂaa 18 ¥ fidusziaauly
aseuATilasunTIdadedndungueinisugniag v3eliennsunanlaglingu
a6 (unexplained syncope) wseilangadunTeyiuiy (resuscitated sudden
cardiac arrest) aifuiidnwagaaulnihilefiasdonduoinisugnie wazid3ums
nageulpgldeuorinaululsmeiuiaguiansal aninvialveg

- Usz¥n3ngumIaunu (Control population) il

- inudilunsAadenaraalinsid1saulasenisdde (Inclusion criteria)
1. fthefienganniwiewindu 18 3 waeflednton 1 dadeeludl
1.1 fiusyiaulunsouasialisumsitadeindungueinisugninn
1.2 femsvunadlaglinsivannug  (unexplained syncope)  3evlaneawsiu
N3Vl (resuscitated sudden cardiac arrest)  afuiidnungadulnililai
AedengueINITUINIAT

- ndilumsAndengUigananaiinseanainlasanisiaeg (Exclusion criteria)
1. dansasivizelviuuyms
2. UseSanduiewalaviadon (myocardial infarction)
3. UsedRuieuavanau
4. Us£IRALsAGU 15eA1 SGOT, SGPT 11nNIUSoNAY 2 WinueeA1ung
5. ld§usianansaneliiAnaduliiinilefieunafideunuungueinisugmenld
2717181 tricyclic antidepressant, fluoxetine, lithium, antihistamine, cocaine,
propofol and trifluoperazine \Uudu
6. gangiisnsnegenin 37.8 wieAnin 36 ssmwALTEA

7. szaulnunadeuludonsiinin 3.5 aasAaunsedns (mEg/L)



«  UIANGUMBE1 (Sample size)

$r9Baannnsdneiteises Sodium-channel blocker challenge in the familial
screening of Brugada syndrome: Safety and predictors of positivity® flawsa detect
minimum difference clinical important 10 fia@3u¥ (Experimental study: Continuous

data with two independent groups)

2 AR R Z 12
(61 +02)[ 1- /2 + 1-[3]

(M,-M,)*

« YUIANFUAIBEINYINAY 20 AU
| a oA W
. dulyauuiasgulungui 1 winiu 2.2
| a oA W
- dulvauunasgulungui 2 windu 2.8
.« AuasERutydAy (Alpha) Wiy 0.05
. 91UINIVINEDU (Beta) WiniuTowas 80

o AMULANANNVDIANALYINNY 10 TaauIN

1.10 A8M151910991818dAs (Approach to participant)
dlredflongedides 18 U #iliuseiRaulupseuasalasumsitadeindungy
91M15UINMAN visello M svuaadlaglinguaime (unexplained syncope) w3eilangn
WuNIETuiY (resuscitated sudden cardiac arrest) saufuianwasaaulnihiilafiasde
NALDINTUINIAN wazirumsnaasulagldunevundululsmenuiagiainsal
L4 a a o < Y v a 1 L ¥ L3 ¥ 1 a o
annmwalve  legunnduasisideasdudidnluuseiiuingUisidinaminindngniside

5kl

88. Therasse D, Sacher F, Petit B, Babuty D, Mabo P, Martins R, et al. Sodium-channel blocker
challenge in the familial screening of Brugada syndrome: Safety and predictors of positivity. Heart
Rhythm 2017;14:1442-8.
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1.11 A1957UsIUtaya (Data collection)

. usunadeyatszens lun ey wa devstlunsveaeulngldinssduneandy
Usg3ansldenngy  betablocker  UseiAnnsldiiesnszanlwihiiale  wazifudeya
adulniilaldun Awes T-peak to T-end interval A1w8q corrected T-peak to T-
end interval A1¥83 QT interval A18Y corrected QT interval A8 S wave duration
ANY83 P wave duration A1U94 PR interval m1wa9 PQ interval A1%89 QRS duration A1
299 QT peak A198Y T wave height U89 RR interval LagAIve JT interval noulas

paIN1sNeaaUlneltewaTUIEY

Y

o JUNNANISNAADU

'
0o a awv A

udoya fie wnndianduidenlasunmseusudnuiu 2 au

Y

Ly

uiindeya e

o a

MUY

eXPp e
e

Ajmaline Challenge Protocol

WNSIUAVYNNT18A B9 U BULYITIUNNTIVY

q

1511338l SUNSTNUSLIR Taumdn 92951908

¢

- wwspulumdadengueinisuimamaslasuensedu (drug-induced Brugada type
1 ECG) ¥ne1munsiuimlanndengesindudinisiiwaavasameululasinisided

a 1

Tdeuavunauintulunisnsesu fegun 1

[ wa

. aowiviide Ae vesfuRnisnsiaitiadelsaila (Noninvasive Cardiovascular Lab)
$u 4 oresgiiasimanyasal Tsmewiagmasnsal fafuanufifigidniuiselatuen
LOYNAU

. rﬁwﬁﬁ’au‘[maﬂwﬁ%’ﬂiﬁ%mimaﬁm?{uiw%ﬁﬂaLmummg’lmmz high right intercostal
leads (Brusada leads) AeuldSusnuenundu lneldia3as Philips PageWriter TC70
cardiograph

. Jsidelasueuaranduniy Protocol of Brugada consensus conference U 2005
$ur 1 fedndusenlanfuvesimiing (vuingege 100 fadniu) Meaondendily
1A 10 wift waglifinislésuenvfindu

. Bamudyaadnwazeduliihilaegeaiiedeeldiaios Philips PageWriter TC70

cardiograph aatu#ing 1, 5, 10, 15, 30 waz 60 WinaslasueuesuIdu
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fnmsdnwioueiomnszanlifiila (Defibrillator) wagen isoproterenol  dwmiuns
Shwnemlaviesiusuiind e ulss (ventricular arrhythmia)
ngansliewevsndudendulrfilaunnadnuneiwolul  covedtype ST
segment elevation Tusgeties 1 lead Tu precordial lead, premature ventricular
contraction (PVC), ventricular arrhythmia, QRS duration Lﬁmﬁumm’j’l%’aaaz 130
130 AV block ifisiannd
Q’Lﬁﬁwi'mimqmﬁ{fsﬂﬁ%“umimwﬂﬁﬂﬂ/\lﬁﬁﬁﬂaqummgmuaz high right intercostal
leads (Brugada leads) waslasugniosuau

vdanmgalvisnevindundy  Ansuedulwihiladeideadunmedaies 60 wifl
#393UNTT ST segment naudanIwuni

TUTINNANITNAGDU DINTTLAZDINITLANIVBINATILABIIINAITIAS U LBTNAY
Funmornisaeduan 4-6 Falus

HauINAINNIINAaeulaensldenseiusesinaulaua

1. U5y J wave amplitude #u1nndn 2 fadunslu lead V1 wie V2 vie V3 lagenadl
ERIEEY RBBB mneaduliiilaneuldsueuevinduund
2. Usingeaulifiialednuaie  type 1 morphology  vnadulwiinslaneuldsuen
WaTLNAUNSN YL type 2 138 type 3 morphology ﬁﬂgﬁﬁ 7

1ATINTINEIINUS "n3lEAT T-peak to T-end Tuniswennsalnauinainnisvagaulae
nsldennsedunensndulugtnefiasdeidungueinisugninn” Lifinnsmsiana

Ly

WugnIsu

Figure 7 wansdnuwazaaulnihilinauinainmsnaaeumiseInsyiuwevuay

Baseline Ajmaline Challenge Test
1 r g '
EE 5 | R 9 P I AN A WA
i B S S LAY AN Ff = RS
[ |
| i
2. s t2] biAs B, 1o Btk 100 RO EREE |
| AL
= NS (e [T ) s ] \:J\ /)
' I T A | I
dimud =aidfamag i u U
y3f e = sl L A i T
~ /\\ T (A‘—-\MJ\,/\g__,\jAL N P il IL/\ N M\ \J»JV \\J\{\\FJ\/K\_~ j\/ 7 N J\V i
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1.12 nsaseidaya (Data analysis)

- dauetoyamily wanwaluguuuuiosas diudoyaraionaninalugunuuaiadeias-

AdM LagdudeauuinggIu

- Tdnsiesendeyanisadanie Fisher's exact test, independent t-test, Mann-Whitney

U test, paired sample t-test wag Wilcoxon signed ranks test

Y

- MYUAAT p-value < 0.05 Daididdn

o

uneaEa

- 14lUsunsu SPSS version 24 lunsuseianatoya

1.13 9931NAVBIN15I8 (Limitation)

ATeildunsAnuiiisesnsiasiz Awes T-peak to T-end interval A9
corrected T-peak to T-end interval laglt Bazett’s formula M@ u1savinuIgauInan

nsnaaeumesevinaululsmeIuIagansal - dannvalne Fdlidedninisesuunn

v
o <

Y] 1 [V 1 @ A = a = o 1 =3 Y] 1
megeitiy  egdlsinuiilosainnisnwmessilidunsfinwtises lagasiiudieg
Tugasl wa. 2561-2564  luswianadinisAnwiuduaugUigisanagyilinnsinuil

ANNANY TN E Y

1.14 YaWaNTUIA1U58555U (Ethical considerations)

1. vdnauAswluuaea (Respect for person) fa lnen15vaANuBuseNaINeIaIadns

v
va o [

Tdnsulunside diduaziansnlaziiusnemudureIoatatias laanisaneinsatasly

Y

52y Hospital Number (HN) Tunisigeuleadeyavetie wazdeyanlaainnisanwaglaiu

o

=3 [ I [y 0 X & a avi I [ o = I
mimmﬂ‘mLﬂmamau‘lmsmuqmawﬁgmEJLﬂum atl LAZNISUNEUDNANITAN I LUU

AMTIVRINSANwIIUA lihiauedeyasieyana

2. wann1siuselevd Linaldiindunsie (Beneficence/Non-maleficence) n153deilil

Va o

lomainanudesiguusaiisndntes  §ideasfiunnsnisdamudyaiadnuasadulii

Wlaegsoiies  uasiinisdawisunsanseaniiiilakaserdmnsunissnvinneiila
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Vo iuRAdwIETULTY  HaNSANYIINNTITelavinluguuimnamitiadudtiengy

@’]ﬂ’]i‘UEﬂ’WﬂﬁL‘Vill’]%ﬁmu’]ﬂsﬁuiuau’]ﬂ@

3. WANANEASIIN (Justice) HnaunnNsAniIuazeantmIL AN1INTEEAMULELAY
HaUsglevtogaindeniy  fuipazlasumsshwinnunuinianssnyaasgiudawilale

WNSIUNTINY

1.15 Ugynanneasesssu
= s 2 = v v v 2/ 1 a v ! Y v
ns@nuilidunsfinundoundaualudand LifinsUamedeyadiuivesilie uay
nsEUeNan1s ANz U INTINVDINI AN IING lldiauetoyaseyana

nsAnwdslifiYeynimieaiesssu

1.16 wawsauszlevilfinndnazlésuainauide (Expected benefit and application)

1. n9uieAuduiusueIAIues T-peak to T-end interval wazA19e9 corrected T-peak

. [ i a v A [y 1 [~ I
to T-end interval ﬂ‘UNﬁﬂ’ﬁﬁ/l@ﬁ@‘l.lﬂﬁ]ﬂ?ﬂLLE]‘U@J']ﬁuELUEUJU’J‘EJVIﬂ\Tﬁ’EJ'NL‘LJUﬂEjﬂJEJ'm'ﬁUEﬂ’]W]

2. NSIUANUAUNUSYRIAUBY QT interval wazA1989 corrected QT interval AUNANNS

£ v a Y1 a o 1 < '
nageulngMsidenseauuey- indulugUlsnasdeindungueinisusnian

3. N9UAIANNAURUGVRIAIVE S wave duration  fAunanisvegeulaenIsiduINTERY

wagnnauludUlenasdedndungueinisugnian

4. n31udenNsUAsuLUaBIAT T-peak to T-end A1 corrected T-peak to T-end 71 QT
A1 corrected QT wazA1 S wave duration vidaldgnseduuevanday  iethlugaudila

WYIFATTINGIVBINTAALIATDINGNINITUFNIA LG

1.17 qﬂassﬂﬁmaLﬁﬂ%uuazumsmsn'ﬁuﬁlﬂj (Obstacles and strategies to solve the
problems)

guaTIANNRLANTY

- 91anadinsufiasidnsinawide lilvanusiuiie
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- @ounsalnsiihsedlsadadelisalalsun 2019
wuameansuiluleymn
- 95UwANu R UaATASLA YR AN DU INUITY

- TR uwIvnaUUansvivinanisluaniunisainishseislsedaaelisalalsun 2019

Lsangnunaguiadnsal anin1yntneg
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UNNA 2

a A v
NUNIUIFIUNIIUNLNYIVDN

2.1 uni (Introduction)

ngNeINNTUNIA (Brugada syndrome) Liulsafidneneamaeiugnssunuuduliy
(autosomal dominant) waziinsuanteenvesBudivainvians (variable penetrance) il
vnsdiiisanduiinaneiufiedumevds  (sporadic)  nguennisugneAnaINAIL
ﬁmJﬂﬁmaqﬁuﬁLﬁﬂﬁ@qﬁ’umsa%’wLLazmiﬁwmummUsstU@mmﬂwamaﬂw% (ion
channels) wowiila wgnanoglundlseuaslosumuiua (channelopathy) nmwiliiiy
mmL?i&Jwiaﬂ’]il,ﬁmmwﬁﬂaﬁaqéwLﬁuﬂm%’amwﬁmmm (ventricular tachyarrhythmia)

wazldeInReundu (sudden cardiac death) Tugthenilan wilauni'

finsenuassnineItungueInsusmaiivelsulud wa. 2535 wugiae

U 8 MeNFetinReunduanasalaiesEniuRa TN inguse

2.2 wesasszInenlunisiinlsa (Pathophysiology)

WU we 2500 wud nguenmisugneduanivensmeilinguaneg
Tuvtuzuounay (sudden unexplained nocturnal death syndrome) uazlul w.e. 2541
AUNUI NdueINMTUINIANEANNRAUNAYE98U SCN5A (Sodium Voltage-Gated Channel
Alpha Subunit 5) Fufedesiunisadne alpha subunit ves cardiac sodium channelvilst
Usgansninnisviauvesuseglafieunseas (loss of function) idlwasie Phase 0 %89
cardiac action potential ‘ﬂfﬂagﬁ’uwudwmmﬁmﬂﬂaﬁuaqﬁu%ﬁﬂgu 9 Tiedeiuany

ﬂmJﬂamaqﬂiz@%Lﬁﬂuﬁﬁﬂﬂgﬁmaﬁmmjmmmiugmm 279  SCN1B SCN2B  SCN3B

[
LY

SCN10A GPDIL SLMAP RANGRF WHusfu wenainilfmuanuiiaundvesiuiinuaunis
VuvesszguAalen (calcum channel) vilAuseavsninnisvhauvesUseguaaidey
fopas 817 CACNATC CACNB2b TRPMA 1iudfu uazmnuinunfvesdufienusunisviiay
vosUseglnunaden (potassium channel) 81 HEY2 Husiu ilvinsvieuvesusey

Tnunadeuunniull 819 dildgnisialsalvasealamguiu’?
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v A

nalnmsaisylnlihvesnaiinlsalunguenmsusmandaduiionifosiuy  Jaglud
auuAgiuieiunmsiinlsavesnguenisugniaey 2 auuAgmumdn Tiun auudgiuiediy
auRaUnfvesiilassegilnailsiwdu (depolarization hypothesis) LLazamagmLﬁmﬁ’U
anufisUnfvesiilasseyiinanlsiedu  (repolarization hypothesis) Tagavufgiuiieaiu
AuRinUnAvesiilaszeralnanlsedudei NANDINITUINIAUAAIINAMLURAAUNANS
Tassasvesilaviesdsrnuasihlugnmahdygraliihidaduninadndn  wdngu
afuayuLnAndinanfe  imsAnwiinumnuiieunivesiosiilaaswnainnisnsaile
Fep3psasen IniieawINLiAEn (cardiovascular magnetic resonance imaging) 1%
Tuvaziinguifedunuiinunivesilasyesinanlsieduidedn nguennisdanariinen

transmural dispersion ¥095z8z3lnanlsisdusznintubouila (endocardium) futuge

ﬁmﬁ'ﬂf\] (epicardium) U84 right ventricular outflow tract’

2.3 53U Ingn (Epidemiology)

ANUYNYDINGNBINTUTNIAWIINAUTOLAE 0.12-0.8 AUYNVBINFUDINITUINIAN

Tuginaelions Jusendeddnuisanalneasnindemisuiugiinngy  Tnearuynly

gUuwiniuiesas 1.4 druanuniulsemalnevinduiosay 1.8 nqu egalshiniu aad

@9

ANUYNIAINTIANUYN WIS Wesndteudulifionnisviededindoundu saud
AUrgusEuliiifmsnsialiade exmsinulunaneuinninnandgs 8-10 W Fma

IdunaunanUinalsealnuvadensiia transient outward current ¥3e 1y, USKIa4 right

%9, Gray B, Gnanappa GK, Bagnall RD, Femia G, Yeates L, Ingles J, et al. Relations between right
ventricular morphology and clinical, electrical and genetic parameters in Brugada Syndrome. PLoS
One 2018;13:e0195594.

1010.  Wilde AA, Antzelevitch C, Borggrefe M, Brugada J, Brugada R, Brugada P, et al. Proposed
diagnostic criteria for the Brugada syndrome: consensus report. Circulation 2002;106:2514-9.

1111. Bastiaenen R, Cox AT, Castelletti S, Wijeyeratne YD, Colbeck N, Pakroo N, et al. Late
gadolinium enhancement in Brugada syndrome: A marker for subtle underlying cardiomyopathy?
Heart Rhythm 2017;14:583-9.

1212.  Makarawate P, Chaosuwannakit N, Ruamcharoen Y, Panthongviriyakul A, Pongchaiyakul C,
Tharaksa P, et al. Prevalence and associated factors of early repolarization pattern in healthy young
northeastern Thai men: A correlation study with Brugada electrocardiography. J Arrhythm
2015;31:215-20.
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ventricular outflow tract AunnIlwnew1e®® wazidunaannuSuiasasuumalnamalsy

(testosterone) Niganinluwneamy a1gwaeNinsiineNsATINWiU 41 + 15 U2

2.4 anwazn19aatin (Clinical manifestations)

CYKY

9IN13VBINFUDINTUINIAINUMIEBINTNUAFRVIS 093 e ALAUNEIUIAY
(resuscitated sudden cardiac death) Seway 17-42  usnanidsliennis agonal
respiration  HamdUAINAIEIlIRIEBAURRTIEYdaTuus  Ineangilaviesarasy

a o a v a

Adsnsrinsunsainifievasuouray  Jusenlsailulssmalvedinlsalvaney  (mevue

weuvdulva) 1lesnduiusiuniiz vagal tone gty uanNUdanuinenIsvednsgy

gINsugMAdRiusiunglianee’?

2.5 15313y (Diagnosis)

mefadungueinsugmmendenauliiniileiidnua:  coved type ST-
segment elevation 1IANIINAIOWINAY 2 UAGLAT MM negative T wave TuNINAIN
n3owinAu 1 lead Tu right precordial leads %ﬂmf\]lﬁmﬁmad (spontaneous Brugada type
1 ECG) visanaalasusnsgsu (drug-induced Brugada type 1 ECG) atlngnsunisiuiila

Andsmzviiadudensidiwaavedehen  (sodium channel blocker) 819  ajmaline

fleicanide %38 procainamide Hudu

2.6 N33ty lagafvenszdu (Provocative drug test)

WesnngUlengueinisugninnilsuiuureseauliiilananunsaiaeundasta
ldas? namAe  anansanuedulwdilaun®d  dnwae  saddleback-type  ST-segment
elevation lUaufis coved-type ST-segment elevation Fsiin1snaasulpgldensiuiineld

o

lunsitladengueinisuzninn

Uagduiimsvegeuwazlvinisiiadunduenisusninimenmageulaenislden

N3zAULBYUNAY (ajmaline challenge test) nsnaenidens siuovundulueifunisisiu

1313.  DiDiego JM, Cordeiro JM, Goodrow RJ, Fish JM, Zygmunt AC, Perez GJ, et al. lonic and
cellular basis for the predominance of the Brugada syndrome phenotype in males. Circulation
2002;106:2004-11.
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slafindamznauil 1 Aesenqrilasdudilulflafendigiwad (Class | Sodium channel
blocken) hueniifiadsdindy 1Fumssusesmnesdnmsemsuaseuiseanizomsn wae
PNNTANVRIUNBUNNE Cheung et al UazAMY LAZUDIUIBUNTE Wolpert LazAmy
WU euevanAuiuTEANSAMTiganiinslden fleicanide waz procainamide Tun15idady

naueIMsugNIAn>*

WILwnNg Sascha R. wazAy MANYALITUANNUABANELAIUINIINITUTING
guarnaulunTITdungueInIsugnImlugUiedwe 158 senuinniswudliignuarin

dunevaandenmuwn 10 adnsuyn 2 widl auasy 1 dadnsudenlansuvesdmtingadl

Anuaendearaunsaldlunmsitadungueinisugnin

NsAnwIvIIERNNg  Giulio WAz WullAnnIziilaiesa I uauRnTanae

] v a Y - o i P
sunsslusgrinammeaeumegevinaulugtienasdsdulsangueinisugnma {Uae
i 9 sennmsnadeuluitievianun 503 18 (Aeluiesay 1.8) leed 2 sield
novauawensinwimemInsegniniiilansusnuagdl 1 s197fn refractory
ventricular fibrillation wazfeslasunissnemeinInsiilanazlenliion (extracorporeal

membrane oxygenation #3e ECMO) agslsfimulifisneausidedin®

PMNNTANWIVDIUIBUNNEG  Dylan azamz  laAnwInsidaIdunsiuiilaig
o a U :.’/ ¥ 3 a Y Qlld wa [ Yo
Jamgvliadudimsdugaivedlanenlunismaaeuyileniivsyifauluaseuasilasunis
Aadeindunguenisugninn $1uau 672 AWRIN 137 ATBUATI WU AAuniees S
wave Tu lead Il (OR 3.11, 95%C| 2.12-4.58), lead Ill (OR 2.75, 95%C| 1.78-4.25) #30 lead
V5 (OR 3.71, 95%Cl 2.54-5.44) fimuduiusiunanisvaaeuiiluuin wazlifiaedau
11 578 Anludeway 1.6 \ianatnades laun ventricular arrhythmia $1u3u 10 578 uay

atrial flutter 31uau 1 918 Lillsgaugideiinanmsmaaeudiangn®

INNISANYIVOIIBWANEG  Christian  LazAME  AN®IANUUADANYWAYHANIS
POUALDINDNTS AT UEMDINAUN VAT RAM LUATIETIUIN 677 578 WU 8TuaTIAY

fianuvaendelunisitiadongueinisugnen fdtae 1 519 Aalusesar 0.15 ifn

414,  RolfS. The ajmaline challenge in Brugada syndrome: Diagnostic impact, safety, and
recommended protocol. European Heart Journal 2003;24:1104-12.

1515.  Conte G, Sieira J, Sarkozy A, de Asmundis C, Di Giovanni G, Chierchia GB, et al. Life-
threatening ventricular arrhythmias during ajmaline challenge in patients with Brugada syndrome:
incidence, clinical features, and prognosis. Heart Rhythm 2013;10:1869-74.
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ventricular fibrillation 1 518 &aldsun1ssnwedrsasasdumenisnseanlniliiilaniess
wendntnan1sAnwmudn g Usgifeuluaseuasildsunisidadedndunguennis
U311 UseTamilaveawuleundy, first degree AV block, piulidnwase saddleback,

right bundle branch block #uiusiunan1snaaauMmduuIn'®

INMSANIVOILNBUINNE Jean uazamy wuIdnvazvesnaulnihimlafianse
¥uneransmevaueiosdumsiuilaindensededudinsdeadvedaion lu
FUasduau 103 318 wuin Msendves J wave Aunnin 0.16 dadliadly lead V2 1Tush
¥uemsnevaussesndunsitulaind s dudinsdwaduediniioy Tnaau

Tawinfusagay 40 wazmnuIwIzwnnUsaeay 100 V7

2.7 msussliuanuidesiansiian1dzia lavie sa iU mIETULse (Risk

stratification)

INMIANYIVBILUINEANING Uazanl WU 17 1hou LAnnIgiilavios
anasuindengylinguwsadiiosas 32 TugUaenguannisugninflasunsinuiiienies

nseaninilialagnlud® (automatic implantable cardioverter defibrillator)™?

PNATNUMIUINTAIINNNSUIgegaduseuu (systematic review) uag N3
AATILOANIU (Mmetanalysis) U0IUBLNNG Tse  WavAME WUIIAIUOY T-peak to T-end
(ARALWINAU 98.9 Tadiunyl) TP NUFURUSAUANULASIRDNISIAANTIZIILADIA1LAURS

Jangyilagunsuazmsidedinngduluddiengueinsuininn’

PNNTANYIVOIUNBUNNE  Kaneko WagAME WUI1  early repolarization  uag

J wave T limb leads fanuduiusiumaiinnneiilaiesiasiuindwmissiingunse

1616.  Veltmann C, Wolpert C, Sacher F, Mabo P, Schimpf R, Streitner F, et al. Response to
intravenous ajmaline: a retrospective analysis of 677 ajmaline challenges. Europace 2009;11:1345-52.
1717.  Hermida JS, Denjoy |, Jarry G, Jandaud S, Bertrand C, Delonca J. Electrocardiographic
predictors of Brugada type response during Na channel blockade challenge. Ibid. 2005;7:447-53.
1818. KanekoY, Horie M, Niwano S, Kusano KF, Takatsuki S, Kurita T, et al. Electrical storm in
patients with brugada syndrome is associated with early repolarization. Circ Arrhythm Electrophysiol
2014;7:1122-8.
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2.8 15501 (Treatment)

wa

° o A o a ) X ! [ a o a;'
ﬂ']LLuzu’]LﬂEJ']ﬂ‘Uﬂ'ﬁUg‘U@ ﬂiuaﬂjﬂﬂquaqﬂqﬁUgﬂqﬂq lﬂLLﬂ RANLALIYINTINTD
P
N

a

AelAnadulniilaiaUnddeusuungueIn1susnIale (Brugada aggravating drugs)
a . . . . & v N A « ¢ % o a
919181 tricyclic antidepressant cocaine LUl MANAEINITANLOANDTDE TINDINANLALY

Angld?’
Yagiunsilundasnszaniniviladnlulifdunsinuiiesnidussansamlunis
Jasiumsidedinideunduluddiengueinsuininiiiiennis ANZUNTNGOUIINATT LA
d‘ o o va a a d’l = o U
wsoensegniiiladalud® 01 angiadie  anwnesmdeadiandu  (venous
thrombosis) tA3asnszantwiladunzay (inappropriate therapy) Wusu agelsfn
wsoanszanlnihiladaluidlianunsadesiunisiinnzaneiilaresEiaduindme
gipguusdld  warluthenqueinisugniaimfianneilavesnusuiindangelin - VT
stormW15aU3NWIAIY  Isoproterenol #IRYAINAU (quinidine) wSodlWinIlase
AaWINg (radiofrequency ablation)”
weanMnlgAanenssveUionguain1suininn (first degree relative) A3slasunIs

UInwmaiugenans (genetic counseling) Bnaay"’

1919,  Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, et al. 2017
AHA/ACC/HRS Guideline for Management of Patients With Ventricular Arrhythmias and the
Prevention of Sudden Cardiac Death: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. Circulation
2018;138:e272-e391.
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Ui 3

A5N15AUNI5IAY

3.1 3ULUUNT5Y (Research Design)

Wuns398393:m51894 (analytic study)

3.2 52108U75n15798 (Research Methodology)

Uszansidmung (Target population) Qﬂaaﬁﬁmqaéwﬁaa 18 U fiduseiaauly
aseuaalisun1sIdadedndungueinisugning wselionvunadlaglinsu
@16 (unexplained syncope) visedlangmdunIeyiuiy (resuscitated sudden
cardiac arrest) amfuiidnvazadulwihilefiasdonguennisusneusdilaidniu

LUNINNSINING

Uszvnsgy (Sample population) Hihenidetyedatdes 18 U #ilusyinauly
aseuATilasun1Tidadeindungueinisugnia v3aliensunanlaglingiu
d@we (unexplained syncope) M’%@ﬁﬂwqmﬁuﬂssﬁuﬁu (resuscitated sudden

. ] U A d‘ Y] N ) ' Y o
cardiac arrest) Tiufuilidnwaugaduluihilanasdungueinisusnia uasd1sunis
nageulpgldeuoranaululsmeuiaguansal aninwinlng

- Uszynsngumluay (Control population) i

N9 IUNNSANLANBNENENASKUNSIUIATINSIAE (Inclusion criteria)

1. fhefiongannnivizeniniu 18 U wazllegaties 1 Yedwialuil
a wa [ Yo aa (v 1 [~4 1
1.1 fivsgifauluaseuaialasunisidadeindunguennisugninn
1.2 femsvunadlaglinsivanng  (unexplained syncope)  w3eilavienwsiu
As¥UY  (resuscitated sudden cardiac arrest)  saufuiianwuzaaulndmlan

AFENgUDINITUFNIAT

wnasilun1sdndengUivananainsaanainlasenisdde (Exclusion criteria)
1. dansasvelvuuyms
2. Useiandmuiloslavimden (myocardial infarction)
3. UsgiRuneILegunau
4. Us£IRALsAGU 15eA1 SGOT, SGPT 11nNIUSeNAY 2 WinueeA1ung

5. loSugnaunsanelvinadulnihilaraundnideunuungueinsugniale
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919181 tricyclic antidepressant, fluoxetine, lithium, antihistamine, cocaine,
propofol and trifluoperazine \Uudu
6. PUNNINNYFINTT 37.8 130AINTT 36 DIANTALTYA

7 szaulnunadsuluidonsiinit 3.5 adomlauinedns (mEg/L)

3.3 YUANGUA20E19 (Sample size)

Fr9Bannnn1sdneiteiies Sodium-channel blocker challenge in the familial
screening of Brugada syndrome: Safety and predictors of positivity fianunsa detect
minimum difference clinical important 10 faa3u17 (Experimental study: Continuous
data with two independent groups)

2 N Tz Z 12
(01 +G2)[ 1-a/2+ 1-[3]

(M,-M,)?

«  YUIANFUAIBENYINAY 20 AU

| ~ oA Y
o ddenvunnsgiulungudl 1wy 2.2
. ddeavunasgiulungud 2 wiiiu 2.8
. NMUUATZAUNEEIALY (Alpha) WA 0.05
. 9IWNANIVINEDU (Beta) Winfusouas 80

o ANULANANNVDIANARYYINAU 10 Taa W

3.4 350151 918991d83iAs (Approach to participant)
dlrenfiengegndes 18 U flusziRauluaseunsilasunsitadeindungu
91M15U3NAN visedlonsvanarlaglingiuanve (unexplained syncope) w3awilaven
WuNIeuiY (resuscitated sudden cardiac arrest) saufuianwazaaulnihilanasdsy
NALDINTUINIAN waziisunsnageulagldeuerinaululssmeuiaginansal
L4 a av [ v Y a VoY v (3 v ! a v
annwalie  leswnmduasfinddeasdudidiluussdiuingtedinaeinsdngniside

3okl
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3.5 n1339usUdaya (Data collection)

« usuadeyatszens dun ey wa devsdlunsveaeulngldeinssdunerain
Usg3ansldenngy  betablocker  UseiAnnsldiiesnszanlwihiiale  wazifudeya
adulniilaldun Awes T-peak to T-end interval A1w8q corrected T-peak to T-
end interval A1v89 QT interval A1¥84 corrected QT interval A1Yas S wave duration
A1Y83 P wave duration A1¥84 PR interval A1989 PQ interval A1¥a4 QRS duration A1
299 QT peak A198Y T wave height U89 RR interval LagAIve JT interval noulas

paIN1sNeaaUlneltewaTUIEY

Y

o JUNNANISNAADU

'
0o a awv A

udoya fie wnndianduidenlasunmseusudnuiu 2 au

Y

Ly

uiindeya e

o a

MUY

eXPp e
e

Ajmaline Challenge Protocol

WNSIUAVYNNT18A B9 U BULYITIUNNTIVY

q

1511338l SUNSTNUSLIR Taumdn 92951908

¢

- wwspulumdadungueinisusnmavaslasuensedu (drug-induced Brugada type
1 ECG) ¥ng1munsiumilanndanssdndudinisigaavadanedlulasinisissd

a 1

Touevanduminiulunisnsesu faguil 1

. aowiiide Ae vesfuRnmsnsieiiadelsaila (Noninvasive Cardiovascular Lab)
$u 4 oresgiiasianyasal Tsmewiagmasnsal Saduanuiiigidsideldsven
LOYUAY

. rﬁwﬁﬁ’au‘[maﬂwﬁ%’ﬂiﬁ%mimaﬁm?{uiw%ﬁﬂaLmummg’lmmz high right intercostal
leads (Brusada leads) AeuldSusnuenundu lneldia3as Philips PageWriter TC70
cardiograph

. Jsidelasueuavnduniy Protocol of Brugada consensus conference U 2005
$ur 1 fedndusenlanfuvesimiing (vuingege 100 fadniu) Meaondendily
nan 10 ui waglaifinisldsugnuiingu

.« fasudyaradnuazaauliiiilesgssodiolagldiaies Philips PageWriter TC70

cardiograph aatu#ing 1, 5, 10, 15, 30 waz 60 WinaslasueuesuIdu
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fnmsdnwioueiomnszanlifiila (Defibrillator) wagen isoproterenol  dwmiuns
Shwneilaviem1asuind s ulss (ventricular arrhythmia)
ngansliewevandudendulrfivilaunnadnunedwelul  covedtype ST
segment elevation Tusgeties 1 lead Tu precordial lead, premature ventricular
contraction (PVC), ventricular arrhythmia, QRS duration Lﬁmﬁumm’jﬁaaaz 130
¥30 AV block fifiusniu
Q’Lﬁﬁwi'miﬁsqnﬁ%{falﬁ%“umimaaﬂﬁﬂﬂ/\lﬁﬁﬁﬂaqummgmuaz high right intercostal
leads (Brugada leads) waslasugniosuau

vdanmgalvienevindundy  Aesuedulwihiiladeideadunmedaies 60 Wil
#393UNTT ST segment naudanIwuni

Juiinnansmaaau 81n154ar0INILARIYINATILALINNS RS UE LB TUAY
Hunmenissarduian 4-6 Halag

HAUINAINNINAaUlnen1sltenseAuLarnEY taun

1. U570y J wave amplitude 7isnnnin 2 fiadunslu lead V1 vio V2 vie V3 Tagenadl
velsifl RBBB vnadulwiwilaneuldSugnernduuna

2. Usingeaulfiialadnuae type 1 morphology mneduliinilaneuld¥ueues-

NAuULanYaE type 2 %39 type 3 morphology ﬁﬂg‘d‘ﬁl 7

Figure 8 uanidnwazaauliilinauinainnisvegeumeInszauLaYIIaY

Baseline ” ~Ajmaline Challenge Test
1 4 ik i i at |
il | i A A | Al ]l l ALITA A\
i ,/—T\m | TN A A =l \map \«J{
1 il |

2 | S B 182064 ER AR KB ER] 22 r\ ﬂ
7 AR A A i : HrN e,
| ~ v
‘ i = DA
{3 a1 1 i H 1 a\ 1
At /A‘I-~:Jl,/\_HJAL N p7a /\/\‘** f e [V K'i.‘j\[\r\[\/,\—m’\/ s VAl B
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3.6 NM133AT1zvdaya (Data analysis)

- dauetoyamily wanwaluguuuuiosas diudoyaraionaninalugunuuaiadeias-

AdM LagdudeauuinggIu

- Wﬂ’lﬁalﬁi’wﬁ%%awwaﬁaﬁa8 Fisher’s exact test, independent t-test, Mann-Whitney
U test, paired sample t-test wag Wilcoxon signed ranks test

Y

- MYUAAT p-value < 0.05 Daididdn

o

uneaEa

- 14lUsunsu SPSS version 24 lunsuseianatoya

3.7 49311nY84n15338 (Limitation)
ATeildunsAnuiiisesnsiasiz Awes T-peak to T-end interval A9
corrected T-peak to T-end interval laglt Bazett’s formula M@ 1savinuIgauInan

nsnaaeumesevinaululsmeIuIagansal - dannvalne Fdlidedninisesuunn

v
o <

Y] 1 [V 1 @ A = a = o 1 =3 Y] 1
megeitiy  egdlsinuiilosainnisnwmessilidunsfinwtises lagasiiudieg
Tugasl wa. 2561-2564  luswianainisAnwiuduugUigisanagyilinnsinudl

ANNANY TN E Y

3.8 9aNa150191U385554 (Ethical considerations)

1. vdnauAswluuaea (Respect for person) fa lnen15vaANuBuseNaINeIaIadns

v o

Tdnsuluniside fiduaziansnnaziiusneeudureIoaatas laenisaneinsaiazl

Y

52y Hospital Number (HN) Tunisigeuleadeyavetie wazdeyanlaainnisanwaglaiu

o

=3 [ I [y 0 X & a avi I [ o = I
mimmﬂ‘mLﬂmamau‘lmsmuqmawﬁgmEJLﬂum atl LAZNISUNEUDNANITAN I LUU

AMTIMVBINSANWIIIMUNA lhiaueteyasieyana

2. wann1siuselevd Linaldiindunsie (Beneficence/Non-maleficence) n153deilil

Va o

lomainanudesiguusaiisndntes  §ideasfiunnsnisdamudyaiadnuasadulii

Wlaegsiowlos  uaziinsdawisunseansegnliihlawaserdmsunissnwvnneila
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Vo iuRAdwIETULTY  HaNSANYIINNTITelavinluguuimnamitiadudtiengy

mmsugmmﬁmmsammﬂ%ﬂuaumm

3. NANANEASIIN (Justice) HNaINIIARIIMATERNTALIY UN1TNTEANAUFL LAY
HaUsglevtogaindeniy  fuipazlasumsshwinnunuinianssnyaasgiudawilale

WNSIUNTINY

3.9 Jgynmneasesssy
= s 2 = v v v £ 1 a 1% ! v v
nsfnwilidunsfinundoundualudand lilinsUawmedeyadiumvesilie uay
nsEUeNan1s ANz U INTINVDINI AN IING lldiauetoyaseyana

nsAnwdslifiYeynimieaiesssu
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unNa 4

HaN13ATITTRYA

4.1 Uszvansiiananwen

wuihiigthefongegstes 18 U fiilusziaulunseuasildsunsideduindungu
91N15U3N1A1 visedlonnsvanailaglingiuanve (unexplained syncope) #3ain13eiila
vgaLuNsEiuT (resuscitated sudden cardiac arrest) $auffuiidnuaizaduliindialed
asdondueinisugmadiiummegeusigensedulevinaululsme uaglug el we,

2561-2564 LANIUNUNDIITIUNITANET V9NUA 16 518 FILNUAINA 8

23 Patients underwent ajmaline challenge test

7 Did not meet inclusion criteria

- 4 aged under 18 years

- 3 underwent the test for ablation

16 Patients were enrolled

Figure 9 waREUReTINILNAeIT13INTAN

4.2 Hayatiugruvasditae

fuheduu 16 38 Wumemedesas 93.75 engwds 40+15 T ld¥unsldiades
nszaniiiiiladiuou 1 518 @adudesas 6.3) asaamu SCN5A mutation §1wau 1 578
($ovay 6.3) rfunmmeaeulaglionsedunorunduiedoudiivse TRmluasouadaldsu
mytadeindungueinisugnianiesas 37.5 fomsvueailaglinsvavniosas 43.8
uailnngilavgaudungiiuifuiosay 188 Andeves T-peak to T-end Wiy
113.5+26.8 fadiundilu lead I, 91.0£33.1 fadundilu lead Ill, 105.0+22.5 fadiuriilu
lead avF, 115.9+219 fiadiuiilu lead V2, 108.4+22.18ad7wilu lead V5 uay

108.9+19.5 fad w1ty lead V6 Aadeves corrected T-peak to T-end interval Wwinfiu
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118.8+33.7 faa Uity lead Il, 95.6+39.7 faaiuniituy lead I, 110.4+31.6 Jadiuibu

lead avF, 120.9+27.0 fadiuw1iibu lead V2, 113.6+30.2 daaiu?itu lead V5, and

114.3+28.5 fiaa w19k lead V6

ALRALYRY QT interval WindU 404.4+29.1 Nad7un?

ALRAEUBY corrected QT interval winAu 415.7+29.6 fadu1il ALRAUaY S wave

duration Wi 41.2+14.2 Jaa w1ty lead I, 37.8+19.5 faa’uniity lead IIl, 35.5+19.1

Taaiw1ilu lead avF, 52.5+19.7 Jaaiuw1itu lead V2, 41.9+21.1 Taaiw1iitu lead V5,

and 37.4x21.4 §aduWilu lead V6  dawandlumsned 1 deyadnuaemenaulniiiile

A d'
S3EaU 9 Landlun19199 6

Table 1 anwagUseanns

Baseline Characteristics

Age, years
Male
Indication
Familial screening of BrS
Unexplained syncope
Resuscitated SCA
Treatment
Betablocker
AICD
SCN5A mutation

T-peak to T-end interval, ms

Il

Il
avk
V2
V5
V6

N (%) or
Mean+SD

40+15
15 (93.7%)

6 (37.5%)
7 (43.8%)
3(18.8%)

1 (6.3%)
1 (6.3%)
1 (6.3%)

113.5+26.8
91.0+£33.1

105.0£22.5
115.9£21.9
108.4+22.1

Ajmaline Challenge Test

Negative
(n=4)
34+18

3 (75.0%)

2 (50.0%)
2 (50.0%)
4 (100.0%)

3 (75.0%)
0 (0.0%)
0 (0.0%)

96.2+8.7
88.7£22.7
92.5+18.8
127.2+29.0
102.2+29.5

Positive
(n=12)
42+14

12 (100.0%)

8 (66.7%)
7 (58.3%)
9 (75.0%)

12 (100.0%)
1 (8.3%)
1 (8.3%)

119.2+28.6
91.7£36.8

109.2+£22.8
112.1+19.0
110.5+20.3

P-value

0.375
0.250

0.604
1.000
0.529

0.250
1.000
1.000

0.133
0.882
0.211
0.243
0.538



Corrected T-peak to T-end 108.9+19.5 114.2+30.7 107.2+15.8 0.549
interval, ms
I
If 118.8+33.7 102.5+£16.0 124.2+36.7 0.379
avF 95.6+39.7 93.4+21.5 96.3+44.9 0.906
V2 110.4+31.6  98.8+24.8 114.3+33.6 0.415
V5 120.9+27.0  135.0+34.0 116.2+24.0 0.239
V6 113.6+30.2 108.3£32.9 115.3£30.6 0.701
114.3+28.5 122.7+40.4 111.5+£25.1 0.515
QT interval, ms 404.4+29.1  412.2+35.0 401.8+28.2 0.554
Corrected QT interval, ms 415.7£29.6 436.2+33.0 408.8+26.3 0.110
S wave duration, ms
I 41.2+14.2 41.5+16.8 42.0+14.1 0.954
Il 37.8+19.5 33.7+11.1 39.2+21.9 0.953
avF 35.5+19.1 26.5+8.7 38.5+20.9 0.521
V2 52.5+19.7 43.2+13.5 55.6+20.9 0.293
V5 41.9+21.1 31.0+£8.0 45.5+23.1 0.446
V6 37.4+21.4 24.0+3.3 41.9+23.2 0.262

29

AICD = Automated implantable cardioverter defibrillator

4.3 wawFeuiisudnuvasmsadulniidlassninedUoesinaduuanainnismageulag
nsldenszduuevunduuasdiasiinaduay
wansvegeulasnsldenseiunerundwduwin 12 18 @Eeluiosaz  75)
nsAnwinuinAves T-peak to T-end WazAIVDY corrected T-peak to T-end Iuﬁﬂwﬁ
asdedndunguennisugmaliduiusiunauinainnisvageulaenisldensedusevundu
pgslitudAgIseda (TpTe: Il waau 96.248.7 #aaiulf vs. Wauian 119.2+28.6
$ed3u9, p=0.133, Il waay 88.7+22.7 He@dIUIN vs. WauIn 91.7+36.8 daaiui,
p=0.882, avF Waau 92.5+18.8 Hadiuil vs. waulIn 109.2+22.8 Uadiuni, p=0.211, V2
WAy 127.2429.0 fiadiudl vs. wauin 112.1+19.0 3ed3u1, p=0.243, V5 wWaau

102.2+29.5 $0@3U% vs. Wauan 110.5+20.3 Jadu¥, p=0.538, V6 waau 114.2+30.7
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Tad3u? vs. waudn 107.2+15.8 fadiudl, p=0.549, cTpTe: Il waau 102.5+16.0
TeAIU vs. WaUIn 124.2+36.7 Haaiud, p=0.379, Il Waau 93.4+21.5 Tadiu1il vs.
NAUIN 96.3+44.9 §ad 3w, 0.906, avF Waay 98.8+24.8 1aa U7l vs. NauIn 114.3+33.6
$aduil, p=0.415, V2 waau 135.0+34.0 Jadiu¥l vs. wavin 116.2+24.0 faaiund,
p=0.239, V5 Waau 108.3+32.9 {iadiu¥l vs. wauin 115.3+30.6 Ladiuii, p=0.701, V6
NaaU 122.7+40.4 fadiu¥l vs. wauan 111.5+25.1 Jadiundl, p=0.515)
wanNinuINAwes QT Awes corrected QT wazA1wes S wave duration lu
fueiasdoindungueinisugmanlidusiusfunauinanmimeaeulnenisldensedu
woTINAUEYNHTuAIAYNINEDH (QT: Waau 412.2+35.0 Jadundl vs. Wauan 401.8+28.2
a8, p=0.554, QTc: WaaU 436.2+33.0 Haaudl vs. NaUIns 408.8+26.3 Haaiuni,
p=0.110, S: Il AU 41.5+16.8 Uagiu¥l vs. Nauan 42.0+14.1 Hadui, p=0.954, lll ua
au 33.7+11.1 §aau9l vs. WauIn 39.2+21.9 Hadiunil, p=0.953, avF Waau 26.5+8.7
$adud vs. wavIn 38.5+20.9 fadiufl, p=0.521, V2 waau 43.2+13.5 {ad3unil vs.
NAUIN 55.6+0.9 1adiunil, p=0.293, V5 waau 31.0+8.0 Uaaiu1il vs. Wauin 45.5+23.1
Tadui, p=0.446, V6 waau 24.0£3.3 LUaaiu1fl vs. waudIn 41.9+23.2 faaiuiy,
p=0.262) fauandbumsedt 2 %’a;ﬂaﬁﬂwmgmqﬁ?ﬂlﬁ/\lﬁﬂﬁ’ﬂmzszﬁu 9 WIBUIBUIZWIN
fueinaiduuanannmeaeulnemsldeinszduuennduuasdteinaduauuandy

AN 7

Table 2 L‘LJ‘%EJULﬁﬂué’ﬂwmgmqﬂﬁﬂﬂ/\lﬁwﬁﬂmzmwﬁﬂwﬁmaLﬁumﬂmﬂmimaadm
msldensziunevudusazieiinailuay

Variables Negative test Positive test p-value

T-peak to T-end interval, ms

(n=4)

(n=12)

I 96.2+8.7 119.2+28.6 0.133
If 88.7+22.7 91.7+36.8 0.882
avk 92.5+18.8 109.2+22.8 0.211
V2 127.2+29.0 112.1+19.0 0.243
V5 102.2+29.5 110.5+20.3 0.538
V6 114.2+30.7 107.2+15.8 0.549



Corrected T-peak to T-end
interval, ms

I

If

avF

V2

V5

V6
QT interval, ms
Corrected QT interval, ms
S wave duration, ms

I

Il

avF

V2

V5

V6

102.5£16.0
93.4+21.5
98.8+24.8
135.0+34.0
108.3+32.9
122.7+40.4

412.2+£35.0
436.2+33.0

41.5+16.8

33.7+11.1
26.5+8.7

43.2£13.5
31.0+8.0
24.0+3.3

Values were presented as mean + SD.

124.2+36.7
96.3+44.9

114.3+33.6
116.2+24.0
115.3+£30.6
111.5+25.1

401.8+28.2
408.8+26.3

42.0+14.1
39.2+21.9
38.5+20.9
55.6+20.9
45.5+23.1
41.9+23.2

0.379
0.906
0.415
0.239
0.701
0.515

0.554
0.110

0.954
0.953
0.521
0.293
0.446
0.262
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Figure 10 uandALRRevedAn T-peak to T-end lugthenguilnanisnaaeumeeInsziu
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4.4 warBouiisudnuwaseauluiiwidlansuuazvdsldsuenszduuevunay

VAIASUEINTEAULETINAY MU A1WBY corrected QT UawAvel S wave
duration Tu lead Il wag V5 Lﬁuﬁuaéﬁaﬁﬁaﬁwﬁmwﬂqaﬁﬁ (QTc: baseline 415.7+29.6
Jaaiu19 vs. end of test 465.9+34.3 fadunil, mean difference 52.5+38.2 faaiuy,
p<0.001, S: Il baseline 41.2+14.2 §adu? vs. end of test 57.8+33.6 Uaaiu1¥, mean
difference 17.5+29.3 fiadiuil, p=0.037, V5 baseline 41.9+21.1 $iad3u1% vs. end of
test 10.5+21.1 $a@iu¥l, mean difference 10.5+21.1 fadiudl, p=0.029) Auanslu
31971 3

UBNAININUT A1ves P wave duration A1wes PR Awes PQ f1ves QRS duration

WAZAIYOY  ventricular activation time LWuAURENLTLEAYN1SEDH  (P: baseline

110.4+18.4 Jaa w19 vs. end of test 139.9+27.2 daaiu1¥l, mean difference 28.3+32.7

D

aa =

887U, p=0.005, PR: baseline 174.9+27.8 fiaau1¥l vs. end of test 201.7+24.1
887U, mean difference 25.7+30.0 Hadiu¥, p=0.005, PQ: baseline 171.4+24.7
Jaaiu1i vs. end of test 218.4+29.9 fiadunil, mean difference 44.5+37.8 faa3uy,
p<0.001, QRSd: baseline 103.4+14.9 fadiu19 vs. end of test 128.9+24.0 Tadiunil,

mean difference 25.8+27.1 fiadiu?, p=0.002, VAT: baseline 33.9+5.2 fiaduil vs.
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end of test 41.2+6.4 ia@3u1¥, mean difference 6.7+6.9 {ad73u9, p=0.005) @1uUA1U4
T wave height wuananaseg N ldudAyNI9ads (baseline 0.4+0.1 fadlwad vs. end of
test 0.3+0.1 da@laf, mean difference -0.06+0.1 adlas, p=0.045) fauanslunsne
8

Table 3 wWSsuilsudnwaeaauliiilaneunasndaldsueinseduweyundu

Variables Baseline End of the test Difference  p-value
T-peak to T-end interval, ms
I 113.5+26.8 114.9+22.2 0.13+27.5 1.000
Il 91.0+£33.1 88.7+35.7 -4.5+27.4 0.532
avF 105.0£22.5 107.5+28.9 3.2+33.1 0.714
V2 115.9+21.9 124.5+61.3 6.7£62.6 0.687
V5 108.4+22.1 115.1£19.1 3.5£25.9 0.612
V6 108.9+£19.5 104.1+£14.1 -1.7+£23.7 0.790
Corrected T-peak to T-end
interval, ms
I 118.8+33.7 124.9+36.1 5.2+41.2 0.561
If 95.6+39.7 96.3+45.4 -1.3+£33.2 0.876
avF 110.4+31.6 114.3+£39.3 5.1+45.1 0.666
V2 120.9+27.0 136.3+72.5 13.9+72.4 0.470
V5 113.6+£30.2 124.8+35.2 8.2+38.8 0.428
V6 114.3+28.5 113.4+33.3 3.1+34.7 0.731
QT interval, ms 404.4+29.1 415.2+29.9 10.6+27.6 0.160
Corrected QT interval, ms 415.7+29.6 465.9+34.3 52.5+38.2 <0.001
S wave duration, ms
I 41.2+14.2 57.8+£33.6 17.5+29.3 0.037
If 37.8+19.5 58.1£52.0 20.1+£50.7 0.108
avF 35.5+19.1 43.1+20.3 7.9+£14.8 0.060
V2 52.5+19.7 46.1+15.0 -5.8+24.5 0.375
V5 41.9+21.1 52.8+19.6 10.5+21.1 0.029
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Vé 37.4+21.4 45.8+19.6 7.5+18.6 0.137

Values were presented as mean + SD.

4.5 wawlssuiiisuaneazaduluinidlanaunasvdsldsuenseduuavanauluguoed
I#sumsitiadedndunguainisugnian
Tugthenlasumsidedeindungueinisugmandiung 12 558 wudl - Anves

corrected QT uazA1v8 S wave duration lu lead Il wadldsugINTzRuULTUAUTANTY

+

pgslitdAg19eia (QTc: baseline 408.8 + 26.3 fadiunil vs. end of test 465.1 +

-+

38.2 liaau¥l, mean difference 56.2 + 39.8 dadunil, p=0.006, S: Il baseline 42.0
14.1 $ad3u¥ vs. end of test 64.9 + 34.0 §adIul, mean difference 22.9 + 30.5
Hadu, p=0.025) Fauandlunisedl 4

YBNNEWUI ANwe P wave duration Awes PR Arwas PQ Awas QRS duration
WazAUBY  ventricular activation time Lﬁwﬁua&i'}@ﬁﬁaﬁﬂﬁmuwmaﬁmu;:iﬂaaﬁlﬁ%’umi
Aadeindungueinisuinini (P; baseline 114.2 + 17.3 §ad3un¥ vs. end of test 139.8
+ 29.8 {ia@iu¥, mean difference 25.7 + 35.4 18d3U17, p=0.029, PR: baseline 180.8 +
23.2 §aaui vs. end of test 205.2 + 24.4 §8d@73u19, mean difference 24.3 + 31.7
1adul, p= 0.022, PQ: baseline 177.0 + 20.8 1ad7u19 vs. end of test 216.8 + 32.9
887U, mean difference 39.8 + 35.9 fiaaiu¥, p=0.003, QRSd: baseline 107.1 +
12.6 §8@3u9 vs. end of test 131.5 = 25.8 §aaiu1¥, mean difference 24.4 + 30.3
1ad7ul, p=0.018, VAT: baseline 34.2 + 5.1 Hadu ¥ vs. end of test 42.2 + 6.6

18873U1%, mean difference 8.0 + 7.0 Aad3un¥l, p=0.002) ASLAAIIUAITNN 9

Table 4 Wisuifisudnvaraduliliilanounasndslésuenszduuevanaulugvae
lgsunsitadeindungueinisugnian
Variables Baseline End of the Difference  p-value
test
T-peak to T-end interval, ms

I 119.2 + 28.6 1135 + 24.0 5.7 £ 26.2 0.423
Il 91.7 + 36.8 922 +374 0.5+ 265 0.875
avk 109.2 £ 22.8 107.5 £ 28.1 -1.7 £ 33.6 0.657



V2

V5

V6
Corrected T-peak to T-end
interval, ms

I

Il

avF

V2

V5

V6
QT interval, ms
Corrected QT interval, ms
S wave duration, ms

I

Il

avF

V2

V5

V6

112.1 + 19.0
110.5 + 20.3
107.2 £ 15.8

124.2 + 36.7
96.3 + 44.9
114.3 + 33.6
116.2 + 24.0
115.3 + 30.6
111.5 £ 25.1

401.8 £ 28.2
408.8 £ 26.3

42.0 + 14.1
39.2+ 219
38.5 + 20.9
55.6 £ 20.9
455 £ 23.1
41.9 + 23.2

Values were presented as mean + SD.

4.6 Had19LABIIINNTTNAGDU

1315 + 64.3
116.1 + 16.7
105.0 + 14.6

121.7 + 38.9
98.8 + 48.3
112.1 £ 39.0
1425 + 76.7
124.0 + 35.2
112.8 £ 32.7

415.8+32.8
465.1 + 38.2

64.9 + 34.0
65.8 + 55.7
46.6 + 20.9
48.1 + 16.2
569 + 19.6
48.7 + 20.1

19.4 £ 62.6
56 + 27.6
-2.2 £ 25.1

-25+41.0
2.6 +34.5
-2.2+452
263+ 75.0
8.7 £43.0
1.3 £37.2

14.0 £ 275
56.2 + 39.8

229 + 30.5
26.7 + 55.1
8.1 +16.0
-1.5+£27.3
11.4 £+ 23.7
6.8 £ 20.3
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0.432
0.456
0.844

0.875
1.000
0.638
0.272
0.480
0.875

0.126
0.006

0.025
0.056
0.102
0.362
0.071
0.241

TugUieidrsumsfngdniu 16 918 lnunatradeinnmmegeulaenislden

NILAULDYUIAY
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Figure 12 Lansmsiudeuutasmasan S wave duration lead Il lugUaeilasunsitadedn
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05, Tse G, Gong M, Li CKH, Leung KSK, Georgopoulos S, Bazoukis G, et al. Tpeak-Tend, Tpeak-
Tend/QT ratio and Tpeak-Tend dispersion for risk stratification in Brugada Syndrome: A systematic
review and meta-analysis. J Arrhythm 2018;34:587-97.

g, Therasse D, Sacher F, Petit B, Babuty D, Mabo P, Martins R, et al. Sodium-channel blocker
challenge in the familial screening of Brugada syndrome: Safety and predictors of positivity. Heart
Rhythm 2017;14:1442-8.

2214,  RolfS. The ajmaline challenge in Brugada syndrome: Diagnostic impact, safety, and
recommended protocol. European Heart Journal 2003;24:1104-12.
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2316. Veltmann C, Wolpert C, Sacher F, Mabo P, Schimpf R, Streitner F, et al. Response to
intravenous ajmaline: a retrospective analysis of 677 ajmaline challenges. Europace 2009;11:1345-52.
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Brugada Syndrome: Not Only the Sodium Channel! Front Cardiovasc Med 2021;8:782596.
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and lonic Currents
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67, Enomoto K IM, Nagashima R, Kaneko T, Maruyama T, Kaji Y, Tsuda Y, Kanaya S, Fujino T, Niho
Y. Effects of ajmaline on non-sodium ionic currents in guinea pig ventricular myocytes. Jpn Heart J
1995;36:465-76.

2711.  Bastiaenen R, Cox AT, Castelletti S, Wijeyeratne YD, Colbeck N, Pakroo N, et al. Late
gadolinium enhancement in Brugada syndrome: A marker for subtle underlying cardiomyopathy?
Heart Rhythm 2017;14:583-9.
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Table 6 anwazUszsInNg

Parameters

P wave duration, ms
PR interval, ms

PQ interval, ms

QRS duration, ms
QT peak, ms

T wave height, mV
RR interval, ms

JT interval, ms
Fragmented QRS (%)
Terminal  activation
duration, ms

Ventricular activation

time, ms

N (%) or
Mean+SD

110.4+18.4
174.9+27.8
171.4+24.7
103.4+14.9
290.7+£73.9
0.4+0.1

951.2+201.4

208.2+48.9
0 (0%)
58.7+25.9

33.9+5.2

Ajmaline Challenge Test

Negative
(n=4)
99.2+19.1
157.2+36.5
154.5+31.0
92.5+17.9
259.2+124.8
0.3+0.1
900.7+148.2
245.7+62.4

0 (0%)
46.2+19.2

33.0+6.4

Positive
(n=12)
114.2+17.3
180.8+23.2
177.0+20.8
107.1£12.6
301.2+52.1
0.4+0.1
968.0+219.3
195.7+£39.0
0 (0%)
62.9+27.2

34.2+5.1

a6

p-value

0.168
0.147
0.118
0.091
0.599
0.169
0.581
0.075

0.395

0.952

Table 7 wWisuWisudnwaznaduliimlasswitseinailuuinannisneasulay

v £ a L7 PN <
mﬂﬁumﬂimuuasﬂmammsgﬂawmawuau

Variables

P wave duration, ms
PR interval, ms

PQ interval, ms

QRS duration, ms
QT peak, ms

T wave height, mV
RR interval, ms

JT interval, ms

Negative test

(n=4)
99.2+19.1
157.2+36.5
154.5+31.0
92.5+17.9
259.2+124.8
0.3+0.1
900.7+148.2
245.7+62.4

Positive test

(n=12)
114.2+17.3
180.8+23.2
177.0+20.8
107.1x£12.6
301.2+52.1

0.4+0.1

968.0+219.3
195.7+39.0

p-value

0.168
0.147
0.118
0.091
0.599
0.169
0.581
0.075
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Terminal activation duration, ms 46.2+19.2 62.9+27.2 0.395

Ventricular activation time, ms 33.0+6.4 34.2+5.1 0.952

Values were presented as mean + SD.

Table 8 Wisusuanwagaauliiilaneuwasraslasuensedulevuay

Variables Baseline End of the test Difference p-value
P wave duration, ms 110.4+18.4 139.9+27.2 28.3+32.7 0.005
PR interval, ms 174.9+27.8 201.7+24.1 25.7+30.0 0.005
PQ interval, ms 171.4+24.7 218.4+29.9 44.5+37.8 <0.001
QRS duration, ms 103.4+£14.9 128.9+24.0 25.8+27.1 0.002
QT peak, ms 290.7+£73.9 301.0+33.1 -3.6+45. 0.498
T wave height, mV 0.4+0.1 0.320.1 -0.06+0.1 0.045
RR interval, ms 951.2+201.4  1496.1+2702.9  534.8+2582.4 0.436
JT interval, ms 208.2+48.9 181.7+68.1 -28.3+55.8 0.070
Terminal activation duration, ms 58.7+25.9 87.6+49.9 27.3+46.1 0.112
Ventricular activation time, ms 33.9+5.2 41.2+6.4 6.7+6.9 0.005

Values were presented as mean + SD.

Table 9 wWisuweuanwuzaaulimlaneuwazvaslasuenseduievanaulugUlen

lgsunsitedeindungueinisunian

Variables Baseline End of the test Difference p-value
P wave duration, ms 1142 + 17.3 139.8 + 29.8 257 + 354 0.029
PR interval, ms 180.8 + 23.2 205.2 + 24.4 243 + 31.7 0.022
PQ interval, ms 177.0 + 20.8 216.8 + 329 39.8 + 35.9 0.003
QRS duration, ms 107.1 + 12.6 1315+ 258 24.4 + 30.3 0.018
QT peak, ms 301.2 + 52.1 300.1 + 35.1 -1.2+£49.2 0.224
T wave height, mV 0.39+0.13 0.34 £ 0.13 -0.05 + 0.11 0.105
RR interval, ms 968.0+219.3  1675.9 £ 3020.0 7079 +2884.9  0.413

JT interval, ms 195.7£39.0 160.2 £ 46.6 -35.5 + 56.1 0.051



Terminal activation duration, ms 629 + 27.2
Ventricular activation time, ms 34.2+5.1

Values were presented as mean + SD.

93.7 + 52.8
42.2 + 6.6

30.8 + 46.2
80=x7.0

a8

0.071
0.002
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1. Introduction

Brugada syndrome(BrS) is a genetic disorder that affects the cardiac ion
channel, mainly the sodium channel. It increases the risk of life-threatening
ventricular arrhythmia and sudden cardiac death in patients with a structurally
normal heart. The prevalence of Brugada syndrome is 0.36% in Europe and United
States, 1.4% in Japan, and 1.8% in Thailand. The onset of symptoms typically occurs

at the mean age of 41+15 years.

Brugada syndrome is diagnosed in patients with ST-segment elevation with
coved-type morphology in the right precordial leads, occurring spontaneously or
after provocative drugs. Due to electrocardiographic(ECG) inconsistency, provocative
drugs could unmask Brugada syndrome. Ajmaline was superior to flecainide and
procainamide to provoke BrS. Ajmaline is an intravenous class | antiarrhythmic drug
with potent sodium channel blocking property. The ajmaline challenge test's
sensitivity and specificity are 80% and 94.4%, respectively. In Thailand, the limited
use of the ajmaline challenge test restricted the diagnosis and the assessment of the

true prevalence of the disease.

The cellular electrophysiological mechanism of the disease remains to be
clarified. Prolonged T-peak to T-end (TpTe) interval is associated with an increased
risk of ventricular arrhythmia and sudden cardiac death in Brugada syndrome
patients. We hypothesize that T-peak to T-end interval might predict the positivity of

sodium channel challenge test in suspected Brugada syndrome patients.

This study aims to identify that T-peak to T-end interval and corrected T-peak
to T-end interval could predict the positive response of the ajmaline challenge test
in suspected Brugada syndrome patients. Furthermore, the electrocardiographic
changes following the ajmaline challenge test in diagnosed Brugada syndrome
patients, which might contribute to the knowledge of the ambiguous mechanism of

Brugada syndrome, were also evaluated.
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2. Methods

2.1 Study population and Trial Design

This was a single-center, analytical study. The study enrolled all patients aged
at least 18 years with a familial screening of Brugada syndrome, unexplained
syncope, or resuscitated sudden cardiac arrest(SCA) with suspicious Brugada pattern
form underwent an indicative ajmaline challenge test in King Chulalongkorn
Memorial Hospital, Thailand, from August 2018 and December 2021. The study
excluded pregnancy, breastfeeding, history of myocardial infarction, allergy to
ajmaline, liver disease or SGOT, SGPT above two times upper limit of normal,
concurrent use of tricyclic antidepressant, fluoxetine, lithium, antihistamine, cocaine,
propofol, trifluoperazine, measured body temperature above 37.8 or below 36

celsius, and hypokalemia. Written informed consents were acquired from all patients.

23 Patients underwent ajmaline challenge test

7 Did not meet inclusion criteria

- 4 aged under 18 years

- 3 underwent the test for ablation

16 Patients were enrolled

2.2 Ethics

The study protocol was approved by the Institutional Review Board of the
Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand no. 503/64. No

commercial organization was involved in the trial.
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2.3 Ajmaline challenge test protocol

12-lead electrocardiography, using Philips PageWriter TC70 cardiograph was
performed at baseline with lead V1, V2, and V3 placed at fourth intercostal space
(standard position) and placed at second and third intercostal spaces (Brugada lead

position) as figure 1.

During continuous 12-lead ECG monitoring, using Philips PageWriter TC70
cardiograph, all patients were administered intravenous 1 me/kg of ajmaline in 10
minutes according to the protocol of the Brugada consensus conference. Defibrillator
and isoproterenol were prompted for the treatment of ventricular arrhythmia.
Intravenous ajmaline infusion was discontinued when Brugada type 1 morphology
appeared in at least one right precordial lead, the occurrence of premature
ventricular contractions, ventricular arrhythmias, prolongation of QRS duration more
than 130 percent of baseline, or presence of higsher degree atrioventricular block. 12-
lead ECGs with lead V1, V2, and V3 in the standard and Brugada lead position were
performed at 1, 5, 10, and 15 minutes after the ajmaline challenge. After
discontinuation of ajmaline infusion, monitoring was continued for at least 60
minutes or until normalization of the ST segment. All the patients were observed for

4-6 hours after the test.

The positive result included the conversion of type 2, 3 ECG of Brugada
pattern to type 1 morphology (coved type) and a J-wave amplitude of more than 2
mm in lead V1 and V2 and V3, as shown in figure 2. Clinical characteristics and
electrocardiographic parameters were analyzed. The ajmaline challenge test protocol

was provided in supplemental data.
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Figure 1 Demonstrate Brugada lead position.

Baseline Ajmaline Challenge Test
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Figure 2 Example of a positive ajmaline challenge test in a 27-year-old male with a

familial screening of Brugada syndrome.

2.4 Electrocardiographic analysis

T-peak to T-end interval, Corrected T-peak to T-end interval (corrected using
Bazett's formula), and S wave duration were measured in the lead II, lll, avF, V2, V5,
and V6. QT interval and corrected QT interval (corrected using Bazett's formula) were

measured. Additional parameters were measured P wave duration, PR interval, PQ
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interval, QRS duration, QT peak, T segment elevation, RR interval, JT interval,

terminal activation time(TAD), and ventricular activation time(VAT) in the lead Il.

The electrocardiography was performed with an amplitude of 10 mm/mV and
a speed of 25 mm/s. Two independent physicians blinded to the clinical status
measured ECGs. All measurements were performed using an electronic caliper,

Phillips intelliSpace ECG Program. Side effects were evaluated.

2.5 Statistical Analysis

Baseline clinical and electrocardiographic characteristics were presented as
means and standard deviations for continuous variables and counts and percentages
for categorical variables. Differences between the two groups were assessed using
Fisher's exact test, independent t-test, and Mann-Whitney U test. A p-value less than
0.05 was considered statistically significant. Data were analyzed using the SPSS

version 24.

3. Results

3.1 Baseline Characteristics

Between August 2018 and December 2021, a total of 16 consecutive patients
underwent an indicative ajmaline challenge test in King Chulalongkorn Memorial
Hospital. The mean age was 40+15 years. Fifteen patients (93.7%) were men. One
patient (6.3%) received an implantable cardioverter-defibrillator. An SCN5A mutation
was identified in one patient (6.3%). The indications for the ajmaline challenge test
were familial screening 37.5%, unexplained syncope 43.8%, and resuscitated SCA
18.8%. The mean T-peak to T-end interval was Il 113.5+26.8 ms, Il 91.0+33.1 ms, avF
105.0£22.5 ms, V2 115.9421.9 ms, V5 108.4+22.1, and V6 108.9+19.5 ms. The mean
corrected T-peak to T-end interval was Il 118.8+33.7 ms, Il 95.6+39.7 ms, avF
110.4+31.6 ms, V2 120.9+27.0 ms, V5 113.6+30.2, and V6 114.3+28.5 ms. The mean

QT interval was 404.4+29.1 ms. The mean corrected QT interval was 415.7£29.6 ms.
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The mean S wave duration was Il 41.2+14.2 ms, lll 37.8+19.5 ms, avF 35.5+19.1 ms,
V2 52.5+19.7 ms, V5 41.9+21.1 ms, and V6 37.4+21.4 ms. The patient characteristics

were summarized in Table 1. Additional electrocardiographic parameters were

summarized in Supplemental Table 1.

Table 1 Baseline Characteristics

Baseline Characteristics N (%) or Ajmaline Challenge Test P-value
MeantSD  Negative Positive
(n=4) (n=12)
Age, years 40+15 34+18 42+14 0.375
Male 15(93.7%) 3 (75.0%) 12 (100.0%) 0.250
Indication
Familial screening of BrS 6 (37.5%) 2 (50.0%) 8 (66.7%) 0.604
Unexplained syncope 7 (43.8%) 2 (50.0%) 7 (58.3%) 1.000
Resuscitated SCA 3(18.8%) 4 (100.0%) 9 (75.0%) 0.529
Treatment
Betablocker 1 (6.3%) 3 (75.0%) 12 (100.0%) 0.250
AICD 1 (6.3%) 0 (0.0%) 1 (8.3%) 1.000
SCN5A mutation 1 (6.3%) 0 (0.0%) 1 (8.3%) 1.000
T-peak to T-end interval, ms
I 113.5+26.8 96.2+8.7 119.2+28.6 0.133
If 91.0+33.1 88.7+22.7 91.7+36.8 0.882
avF 105.0£22.5 92.5+18.8 109.2+22.8 0.211
V2 11594219 127.2+29.0 112.1+£19.0 0.243
V5 108.4+22.1  102.2+29.5 110.5+20.3 0.538
V6 108.9+19.5 114.2+30.7 107.2+15.8 0.549
Corrected T-peak to T-end
interval, ms
I 118.8+33.7 102.5+16.0 124.2+36.7 0.379
Il 95.6+39.7 93.4+21.5 96.3+44.9 0.906
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avF 110.4+£31.6  98.8+24.8 114.3£33.6 0.415
V2 120.9+27.0 135.0+34.0 116.2+24.0 0.239
V5 113.6+30.2 108.3+32.9 115.3+30.6 0.701
V6 114.3+285 122.7+40.4 111.5+£25.1 0.515
QT interval, ms 404.4+29.1  412.2+35.0 401.8+28.2 0.554
Corrected QT interval, ms 415.7£29.6  436.2+33.0 408.8+26.3 0.110
S wave duration, ms
I 41.2+14.2 41.5+16.8 42.0+14.1 0.954
Il 37.8+19.5 33.7+11.1 39.2+21.9 0.953
avF 35.5+19.1 26.5+8.7 38.5+20.9 0.521
V2 52.5+£19.7 43.2+13.5 55.6+20.9 0.293
V5 41.9+21.1 31.0+8.0 45.5+23.1 0.446
V6 37.4+21.4 24.0+3.3 41.9+23.2 0.262

AICD = Automated implantable cardioverter defibrillator

3.2 Electrocardiographic parameters according to ajmaline challenge test result
The ajmaline challenge test showed a positive response in 12 out of 16
patients (75%). We found that TpTe and corrected TpTe interval in suspected BrS
patients were not significantly associated with the positive response of the ajmaline
challenge test (TpTe: Il Neg 96.2+8.7 ms vs. Pos 119.2+28.6 ms, p=0.133, lll Neg
88.7+22.7 ms vs. Pos 91.7+36.8
109.2+22.8 ms, p=0.211, V2 Neg 127.2+29.0 ms vs. Pos 112.1+19.0 ms, p=0.243, V5

ms, p=0.882, avF Neg 92.5+18.8 ms vs. Pos

Neg 102.2+29.5 ms vs. Pos 110.5£20.3 ms, p=0.538, V6 Neg 114.2+30.7 ms vs. Pos
107.2£15.8 ms, p=0.549, cTpTe: Il Neg 102.5+16.0 ms vs. Pos 124.2+36.7 ms, p=0.379,
Il Neg 93.4+21.5 ms vs. Pos 96.3+44.9 ms, 0.906, avF Neg 98.8+24.8 ms vs. Pos
114.3+33.6 ms, p=0.415, V2 Neg 135.0+34.0 ms vs. Pos 116.2+24.0 ms, p=0.239, V5
Neg 108.3+32.9 ms vs. Pos 115.3£30.6 ms, p=0.701, V6 Neg 122.7+40.4 ms vs. Pos
111.5+25.1 ms, p=0.515).

The QT interval, the corrected QT interval, and the S wave duration in
suspected BrS patients were also not significantly associated with the positive

response of the test (QT: Neg 412.2+35.0 ms vs. Pos 401.8+28.2 ms, p=0.554, QTc:
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Neg 436.2+33.0 ms vs. Pos 408.8+26.3 ms, p=0.110, S: Il Neg 41.5+16.8 ms vs. Pos
42.0+£14.1 ms, p=0.954, lll Neg 33.7£11.1 ms vs. Pos 39.2+21.9 ms, p=0.953, avF Neg
26.5+8.7 ms vs. Pos 38.5£20.9 ms, p=0.521, V2 Neg 43.2+13.5 ms vs. Pos 55.6+0.9 ms,
p=0.293, V5 Neg 31.0+8.0 ms vs. Pos 45.5+23.1 ms, p=0.446, V6 Neg 24.0+3.3 ms vs.
Pos 41.9+23.2 ms, p=0.262). According to the ajmaline challenge test result, the
electrocardiographic  parameters were summarized in Table 2. Additional

electrocardiographic parameters were summarized in Supplemental Table 2.

Table 2 Electrocardiographic parameters according to ajmaline challenge test result

Variables Negative test Positive test p-value
(n=4) (n=12)
T-peak to T-end interval, ms
| 96.2+8.7 119.2+28.6 0.133
If 88.7£22.7 91.7+36.8 0.882
avF 92.5+18.8 109.2+22.8 0.211
V2 127.2+29.0 112.1+£19.0 0.243
V5 102.2+29.5 110.5+£20.3 0.538
V6 114.2+30.7 107.2+15.8 0.549
Corrected T-peak to T-end
interval, ms
| 102.5+16.0 124.2+36.7 0.379
If 93.4+21.5 96.3+44.9 0.906
avF 98.8+24.8 114.3+33.6 0.415
V2 135.0+34.0 116.2+24.0 0.239
V5 108.3£32.9 115.3+£30.6 0.701
V6 122.7+40.4 111.5+25.1 0.515
QT interval, ms 412.2+35.0 401.8+28.2 0.554
Corrected QT interval, ms 436.2+33.0 408.8+26.3 0.110
S wave duration, ms
| 41.5+16.8 42.0+14.1 0.954
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Il 33.7+11.1
avk 26.5+8.7
V2 43.2+13.5
V5 31.0+£8.0
V6 24.0+£3.3

Values were presented as mean + SD.

39.2+21.9
38.5+20.9
55.6+20.9
45.5+23.1
41.9+23.2

0.953
0.521
0.293
0.446
0.262
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T-peak to T-End Interval According to Ajmaline Challenge Test Result
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Figure 3 T-peak to T-end Interval according to ajmaline challenge test result

3.3 Electrocardiographic parameters at baseline and end of the test

108.9

After the ajmaline challenge test, corrected QT interval and S wave duration

(lead I, V5) were significantly increased (QTc: Baseline 415.7+29.6 ms vs. End of test

465.9+34.3 ms, Mean difference 52.5+38.2 ms, p<0.001, S: Il Baseline 41.2+14.2 ms

vs. End of test 57.8+33.6 ms, Mean difference 17.5£29.3 ms, p=0.037, V5 Baseline

41.9+21.1 ms vs. End of test 10.5+21.1 ms, Mean difference 10.5+21.1 ms, p=0.029).

The electrocardiographic parameters after the ajmaline challenge test result were

summarized in Table 3.
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Additionally, P wave duration, PR interval PQ interval, QRS duration, and

ventricular activation time were significantly increased after the ajmaline testing (P:

Baseline 110.4+18.4 ms vs. End of test 139.9+27.2 ms, Mean difference 28.3+32.7 ms,

p=0.005, PR: Baseline 174.9+27.8 ms vs. End of test 201.7+24.1 ms, Mean difference

25.7+30.0 ms, p=0.005, PQ: Baseline 171.4+24.7 ms vs. End of test 218.4+29.9 ms,

Mean difference 44.5+37.8 ms, p<0.001, QRSd: Baseline 103.4+14.9 ms vs. End of test

128.9+24.0 ms, Mean difference 25.8+27.1 ms, p=0.002, VAT: Baseline 33.9+5.2 ms vs.

End of test 41.2+6.4 ms, Mean difference 6.7+6.9 ms, p=0.005). The T wave height

was significantly reduced after the test (Baseline 0.4+0.1 mV vs. End of test 0.3+0.1

mV, Mean difference -0.06+0.1 mV, p=0.045). Additional electrocardiographic

parameters after the ajmaline testing were summarized in Supplemental Table 3.

Table 3 Electrocardiographic parameters at baseline and end of the test

Variables

T-peak to T-end interval, ms
Il
Il
avF
V2
V5
V6

Corrected T-peak to T-end
interval, ms

I

If

avF

V2

V5

V6

Baseline

113.5+26.8

91.0£33.1

105.0£22.5
115.9+21.9
108.4+22.1
108.9+£19.5

118.8+33.7
95.6+39.7

110.4+£31.6
120.9+£27.0
113.6+30.2
114.3+£28.5

End of the
test

114.9+22.2
88.7+35.7

107.5+28.9
124.5+61.3
115.1+19.1
104.1+14.1

124.9+36.1
96.3+45.4
114.3+39.3
136.3£72.5
124.8+35.2
113.4+33.3

Difference

0.13+27.5
-4.5+27.4
3.2+33.1
6.7£62.6
3.5+25.9
-1.7+£23.7

5.2+41.2
-1.3£33.2
5.1£45.1
13.9+72.4
8.2+38.8
3.1+£34.7

p-value

1.000
0.532
0.714
0.687
0.612
0.790

0.561
0.876
0.666
0.470
0.428
0.731
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QT interval, ms 404.4+29.1 415.2+29.9 10.6+£27.6 0.160
Corrected QT interval, ms 415.7+29.6 465.9+34.3 52.5+38.2 <0.001

S wave duration, ms

I 41.2+14.2 57.8+£33.6 17.5£29.3 0.037
If 37.8+19.5 58.1+52.0 20.1+50.7 0.108
avk 35.5+19.1 43.1+20.3 7.9+14.8 0.060
V2 52.5£19.7 46.1+15.0 -5.8+24.5 0.375
V5 41.9+21.1 52.8+19.6 10.5+21.1 0.029
Vé 37.4+21.4 45.8+19.6 7.5+18.6 0.137

Values were presented as mean + SD.

3.4 Electrocardiographic changes following the ajmaline challenge test in

diagnosed Brugada syndrome patients

In a total of 12 Brugada syndrome patients diagnosed with positive ajmaline
challenge test, corrected QT interval and S wave duration in lead Il were significantly
increased following the ajmaline challenge test (QTc: Baseline 408.8 + 26.3 ms vs.
End of test 465.1 + 38.2 ms, Mean difference 56.2 + 39.8 ms, p=0.006, S: Il Baseline
42.0 £ 14.1 ms vs. End of test 64.9 + 34.0 ms, Mean difference 22.9 = 30.5 ms,
p=0.025) as shown in Table 4.

In addition, P wave duration, PR interval PQ interval, QRS duration, and
ventricular activation time were significantly increased in diagnosed Brugada
syndrome patients after the ajmaline testing (P: Baseline 114.2 + 17.3 ms vs. End of
test 139.8 + 29.8 ms, Mean difference 25.7 + 35.4 ms, p=0.029, PR: Baseline 180.8 +
23.2 ms vs. End of test 205.2 + 24.4 ms, Mean difference 24.3 + 31.7 ms, p= 0.022,
PQ: Baseline 177.0 £ 20.8 ms vs. End of test 216.8 + 32.9 ms, Mean difference 39.8 +
35.9 ms, p=0.003, QRSd: Baseline 107.1 + 12.6 ms vs. End of test 131.5 + 25.8 ms,
Mean difference 24.4 + 30.3 ms, p=0.018, VAT: Baseline 34.2 + 5.1 ms vs. End of test

422 + 6.6 ms, Mean difference 80 + 7.0 ms, p=0.002). Additional
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electrocardiographic parameters after the ajmaline testing were summarized in

Supplemental Table 4.

Table 4 Electrocardiographic changes after ajmaline infusion in diagnosed Brugada

syndrome patients

Variables

T-peak to T-end interval, ms

V6
Corrected T-peak to T-end

interval, ms

V6
QT interval, ms
Corrected QT interval, ms

S wave duration, ms

Baseline

119.2 + 28.6
91.7 + 36.8
109.2 + 22.8
112.1 £ 19.0
110.5 £ 20.3
107.2 + 15.8

124.2 + 36.7
96.3 + 44.9
114.3 + 33.6
116.2 + 24.0
115.3 + 30.6
1115 + 25.1

401.8 + 28.2
408.8 + 26.3

42.0 + 14.1
39.2+ 219
38.5 + 20.9
55.6 + 20.9
455+ 23.1

End of the test

113.5 + 24.0
922+ 374
107.5 + 28.1
131.5 £ 64.3
116.1 £ 16.7
105.0 + 14.6

121.7 = 38.9
98.8 + 48.3
112.1 + 39.0
1425 + 76.7
124.0 + 35.2
112.8 £ 32.7

415.8+32.8
465.1 + 38.2

64.9 + 34.0
65.8 + 55.7
46.6 + 20.9
48.1 + 16.2
56.9 + 19.6

Difference

5.7 £ 26.2
0.5+ 265
-1.7 + 33.6
19.4 £ 62.6
5.6 +27.6
2.2+ 251

-25+£41.0
2.6 +34.5
-2.2+452
263+ 75.0
8.7 £43.0
13+37.2

14.0 £ 275
56.2 + 39.8

22.9 + 30.5
26.7 £ 55.1
8.1 +16.0
-1.5+£27.3
11.4 £ 23.7

p-value

0.423
0.875
0.657
0.432
0.456
0.844

0.875
1.000
0.638
0.272
0.480
0.875

0.126
0.006

0.025
0.056
0.102
0.362
0.071
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Vé 419 + 23.2 48.7 + 20.1 6.8 £ 20.3 0.241

Values were presented as mean + SD.

Corrected QT interval changes following the ajmaline
challenge test in diagnosed Brugada syndrome patients
470 465.1
460
450
440

430

msec

420

408.8

410

400

390

380
p 0.006

Baseline End of test

Figure 4 Corrected QT interval changes after ajmaline infusion in diagnosed Brugada

syndrome patients
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S wave duration changes in lead Il following the ajmaline
challenge test in diagnosed Brugada syndrome patients

70 64.9

60
50

40

msec

30

20

10

p 0.025
Baseline End of test

Figure 5 S wave duration changes in lead Il after ajmaline infusion in diagnosed

Brugada syndrome patients

3.5 Complications

Among the 16 performed ajmaline challenge tests, no serious adverse event

was observed in the trial.

4. Discussion

Our trial is the first analytical study to demonstrate the practice of the
ajmaline challenge test in suspected Brugada syndrome patients in Thailand.
Prolonged T-peak to T-end interval was related to an increased risk of ventricular
arrhythmia and sudden cardiac death, including appropriate ICD therapy. We
hypothesized that T-peak to T-end interval could predict the positive response of
the ajmaline challenge test in patients with suspicious Brugada syndrome. However,
the main finding in our trial is that T-peak to T-end interval, corrected T-peak to T-

end interval including QT interval corrected QT interval, and S wave duration was not
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significantly related to the positivity of the ajmaline challenge test. The result is
inconsistent with the result of the previous trial, identifying S wave duration as a
predictor of a positive sodium channel blocker challenge in the familial screening of
Brugada syndrome (S in V5: SCBC+ 42+19 ms, SCBC- 28+18 ms, p<0.0001, OR 3.71,
95%Cl 2.54-5.44). These findings might result from the small population in the trial,
leading to the underpower of the study. Consequently, the ajmaline challenge test

remains the diagnostic test in clinical suspicion of the disease.

Our study demonstrated the safety of the ajmaline challenge test. There was
no reported complication in the study, which the incidence is lower than those in
the previous trial, reporting the development of symptomatic ventricular arrhythmias
0.15-1.60 percent. Resulting from the small population in the trial, this should be
interpreted with caution. Therefore, we encourage the diagnostic use of the
intravenous ajmaline challenge test under continuous ECG monitoring with prompted

defibrillator and isoproterenol in clinically suspicious patients in Thailand.

We also observe the significant change of many electrocardiographic
parameters after ajmaline infusion: P wave duration, PR interval, PQ interval, QRS
duration, ventricular activation time, S wave duration (lead I, V5), and corrected QT
interval. The electrocardiographic change implies the ajmaline affecting both
depolarization and repolarization of the cardiac cycle. The result contradicts the
concept that ajmaline affects only the sodium channel and notes the additional
influence of ajmaline on potassium and calcium channel. A previous study
investigated that ajmaline had multiple mechanisms of action, including an inhibitory
effect on sodium channel (Iy,), L-type calcium channel (I,), and transient outward
potassium channel (l,) in rat right ventricular myocytes. Ajmaline also inhibits
calcium channel (Ic,) and inwardly rectifying potassium channel (Iy;) in guinea pig

ventricular cardiomyocytes.

The pathophysiological mechanism behind Brugada syndrome is still debated.
There are two main electrophysiological theories of the disease. The repolarization

theory explains the transmural dispersion of repolarization between the
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endocardium and the epicardium of the right ventricle. On the contrary, the
depolarization theory focuses on structural abnormalities and delayed conduction of
the right ventricle. We detect an essential increase of corrected QT interval,
representing the repolarization of the cardiac cycle, and S wave duration (lead i),
representing the depolarization, following the ajmaline challenge test in diagnosed
Brugada syndrome patients. The result might imply that Brugada syndrome

influences both depolarization and repolarization.

Study limitations

Even though this pilot study provided novel data about the ajmaline
challenge test in Thailand, it remains a relatively small, single-center, nonrandomized
analytical study. Furthermore, because of the COVID-19 pandemics, only 80% of the
initially planned sample was enrolled, limiting statistical power to demonstrate the
predictivity of T-peak to T-end interval and corrected T-peak to T-end interval.
However, the absence of difference might be related to the minor differences in

overall electrocardiographic parameters.

5. Conclusions

The study found that the T-peak to T-end interval and corrected T-peak to T-
end interval could not predict the positive response of the ajmaline challenge test in
suspected Brugada syndrome patients.
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Ajmaline challenge test protocol
Aim: To diagnose Brugada syndrome

Concept: Ajmaline produces a slight widening of the QRS complex in
normal subjects. Ajmaline will result in a Brugada pattern on the ECG in people with

Brugada syndrome.

Preparation: Draw up 1 mg/kg ajmaline into a 10 ml syringe (usually 5
mg/ml in 10 ml vials). Maximum dose 100 mg. Informed consent is required. A

defibrillator and isoproterenol (Isuprel) need to be available.

Patient information: This test is not designed to provoke arrhythmias and is safe.
There is a minimal risk of ventricular arrhythmias, especially if given too fast. Rare

side effects include flushing, tingling, nausea.
Protocol:
Before the injection

Perform a 12-lead ECG at baseline with lead V1, V2, and V3 in the
conventional 4th ICS and then repeat with V1, V2, and V3 in the 3rd and 2nd ICS
(Total of 3 ECGs). Administer the ajmaline as a slow intravenous injection aiming for

5-10 mg/minute.
After the injection

Supplemental Table 1 Monitoring of vital signs and 12 lead ECGs after the ajmaline

injection

Action / Minute 1 5 10 15 30 60
Monitor vital signs
- RR (bpm)
- HR (bpm)
- BP (mmHg)
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Record 12 lead ECGs (Total 3
ECGS)

V1, V2, V3 in the 4" ICS

V1, V2, V3 in the 3™ ICS

V1, V2, V3 in the 2" ICS

Stop the infusion if a prominent type 1 Brugada pattern appears or ventricular
arrhythmias are observed. Ajmaline is deactivated quickly, and its effects wear off

after a few minutes. Monitor until the ECG has normalized.
At 15th minute after the injection:

In persistent ST elevation, continue testing until 60 minutes. If there is no ST

elevation, stop testing.
Positive tests:

In the case of a negative baseline ECG, 1 J-wave amplitude of > 2 mm

absolute in lead V1 and/or V2 and/or V3 with or without RBBB is considered positive.

Conversion of type 2 or 3 ECG to type 1 is considered positive. An increase in
the J-wave amplitude of more than 2 mm without developing 1 type configuration is

also considered significant but rarely observed.

If ventricular arrhythmias are observed, treatment is with intravenous isoproterenol

(Isuprel) infusion and magnesium (optional).



Supplemental Table 2 Baseline Characteristics

Parameters N (%) or
Mean+SD
P wave duration, ms 110.4+18.4
PR interval, ms 174.9+27.8
PQ interval, ms 171.4+24.7
QRS duration, ms 103.4+14.9
QT peak, ms 290.7+73.9
T wave height, mV 0.4+0.1
RR interval, ms 951.2+201.4
JT interval, ms 208.2+48.9
Fragmented QRS (%) 0 (0%)
Terminal activation duration, ms 58.7+25.9
Ventricular activation time, ms 339452

Values were presented as mean + SD.

Ajmaline Challenge Test

Negative
(n=4)
99.2+19.1
157.2+36.5
154.5+31.0
92.5+17.9
259.2+124.8
0.3£0.1
900.7+148.2
245.7+62.4

0 (09%)
46.2+19.2
33.0+6.4

Positive
(n=12)
114.2+17.3
180.8+23.2
177.0+£20.8
107.1+£12.6
301.2+52.1
0.4+0.1
968.0+219.3
195.7£39.0
0 (0%)
62.9+27.2
34.2+5.1

68

p-value

0.168
0.147
0.118
0.091
0.599
0.169
0.581
0.075

0.395
0.952

Supplemental Table 3 Electrocardiographic parameters according to ajmaline

challenge test result

Variables Negative test

P wave duration, ms

PR interval, ms

PQ interval, ms

QRS duration, ms

QT peak, ms

T wave height, mV

RR interval, ms

JT interval, ms

(n=4)
99.2+19.1
157.2+36.5
154.5+31.0
92.5+17.9
259.2+124.8
0.3+0.1
900.7+148.2
245.7+62.4

Positive test
(n=12)
114.2+17.3
180.8+23.2
177.0+£20.8
107.1+12.6
301.2+52.1
0.4+0.1
968.0+219.3
195.7+39.0

p-value

0.168
0.147
0.118
0.091
0.599
0.169
0.581
0.075



Terminal activation duration, ms

Ventricular activation time, ms

46.2+19.2
33.0+6.4

Values were presented as mean + SD.

62.9+27.2

34.2+5.1
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0.395
0.952

Supplemental Table 4 Electrocardiographic parameters at baseline and end of the

test

Variables

P wave duration, ms

PR interval,

ms

PQ interval, ms

QRS duration, ms

QT peak, m

S

T wave height, mV

RR interval,

JT interval,

Terminal activation duration, ms

Ventricular activation time, ms

ms

ms

Baseline
110.4+18.4
174.9+27.8
171.4+24.7
103.4+14.9
290.7+£73.9

0.4+0.1
951.2+201.4
208.2+48.9
58.7+25.9
B2

Values were presented as mean + SD.

End of the test

139.9+27.2
201.7+24.1
218.4+29.9
128.9+24.0
301.0+£33.1
0.3+0.1

1496.1+2702.9

181.7+68.1
87.6+49.9
41.2+6.4

Difference
28.3+32.7
25.7+30.0
44.5+37.8
25.8+27.1
-3.6+45.8
-0.06+0.1

534.8+2582.4

-28.3+55.8
27.3+46.1
6.7+6.9

p-value

0.005
0.005

<0.001
0.002
0.498
0.045
0.436
0.070
0.112
0.005

Supplemental Table 5 ECG changes after ajmaline infusion in diagnosed Brugada

syndrome patients

Variables

P wave duration, ms

PR interval, ms

PQ interval,

ms

QRS duration, ms

QT peak, ms

T wave height, mV

Baseline
1142 £+ 17.3
180.8 + 23.2
177.0 + 20.8
107.1 £ 12.6
301.2 + 52.1

0.39+0.13

End of the test

139.8 + 29.8
205.2 £ 244
216.8 £ 32.9
1315+ 25.8
300.1 = 35.1
0.34 + 0.13

Difference
25.7 £ 354
24.3 + 31.7
39.8 + 35.9
24.4 + 30.3
-1.2 +49.2
-0.05 + 0.11

p-value
0.029
0.022
0.003
0.018
0.224
0.105



RR interval, ms 968.0+219.3  1675.9 + 3020.0
JT interval, ms 195.7+39.0 160.2 + 46.6
Terminal activation duration, ms 62.9 + 27.2 93.7 + 52.8
Ventricular activation time, ms 34.2 +5.1 42.2 £ 6.6

Values were presented as mean + SD.

707.9 + 2884.9
-35.5 £ 56.1
30.8 + 46.2

8.0+ 7.0
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0.413
0.051
0.071
0.002
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