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abstract

QTERMEREE (long QT syndrome:LQAT) &, LER TQTREROIER & torsades de pointes (TdP)
ELENZBMMEUERAEHBE TIRBHTHS. BWARNICIIERMLQTE ZRM (BXM4)

LQTICAEEI W3, EXRMELQTRBICEFEORAEDOERE LTAEEETHY, EEZLS
QTEERI LI M F o F vy I (FIKF v RI) 23— FLTWAEGRFEEIRES QB &
ot T UEBEFRTE ZThICEIER< 1 4 > F v JIVESEERITOBER 22T, BE
T, BEFE (genotype) &FRIE (phenotype) DEIEHFREAZ N TE TS, BEEITIPO
WHITH Y, HZRMECH L T BEMEI BEOPO T—HEAATRMEIZEE, —REICHLT

W= L TERRPBENREL EFFTDN S,

| QTEE#ER (long QT syndrome : LQT) i,
LEEEOQTHREE, EETE SHHOEHE

" (torsades de pointes : TdP), Zfhidh 5\ ke

RIELMEBL T HREBTHS. BRKICITERY
LQTE Z kit (XH) LQTICAEEh, &5
FBRELQTE, BEL kLT ERBAELRESR
/A3 Romano-WardfiERE &, HEBEZEVWEieadk
%Y BIE% 7" § Jervell and Lange-NielsenfE B 12
BFoNhD. 1990FER L), ChHQTRERSE
BAXVF xRNV (ECKF ¥ ANV) #a3—-FLT
WOHLBEETFEEFREINRL LHICRY, £RE
LQTOKRET, BRELQT O —id#{EF AT IC
XoTAF v FxANIRE LTHBTRARA L
o TETWA. 29 LIBRIZFHITE 2T &
B A A ¥ F v FANVBRBEROEREZTC, BE
T, BIZFR (genotype) & EIHAE (phenotype)

DEEFBHINTETBY, —HTIIHERBECLD
HEINTETWA.

-

1 £XELQT

ZORBICHT 2 KBEE L EEHBIZEIX19854E 12
Moss 5 IZ & o THDTHE I NZY. 2 OMETIE,
1962 DLQTEZE OB % F1260 FBE L, 44
DRRE FERBTELO%) L2728 DKM (£
REEIO%) *HEALTWVAD. Z0OH I OBEEMH
RITE S ITHRBEZ M LTSN, 19914512
FLOLNED. ZOWMETIIE SICLQTLBH S
NI-BEEZRRAREL, TORKET CRENRIIA
T b (328K R, 33434), KAMED R H235%
TOEMDRAERIIEMS50%, FERILTRIZ09% T,
1985FDFHE L Y BET LTWEA, ThiZHNRE
BIBERANZLEINTWE I L L BENENE

CBDIEATONB LS ot d bt EX LR T

* [EILRFRERE E RS RBHERBAR LR
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THEY LHEIELQTCERDESFVIREVD D
FEEBESEL kA LBELTWAY. LA
BN LW T EICDWTIIERDEE LS, R
BB T HIThN TV RWI L2 KL TW AT
BEMAE 2 OND. RTBIOMAVEE? Tid, 50
BFTITE L1474 0 9 H57% 13208 £ TIT5E
TLTHY, BICEEETORRIENEL-, TS
ZEBHREINTVS,

VMR MOEEZOLQTEEE N R L LIEE
EAAEY Tid, PHUSEOBHBHBSICZRE L
FEBIIEHED8% T, #I12QTcA060sec* B2 5
H DR fIUEWTIEDERNTH o 72ERNIT B TZRRGE
DfEREIEP oL HREL TS,

2 ZRELQT

ZRELQTORREE LT, EH (k72 h—)-
EKIE - BRVPEECTH L. B—ERZTTEL
BEOERNPEL > TRET LI LS. ZHD
CHRELQTOHMER D LICEEONREALEL
FEEPRRENLY, BIZVERIHAERET
RCBETO Y 21 BHRTH o209, F7,
AR THELLERETIEANCLZL0PRDS
o129, BEIZOWTIERIN & ORESLERT

=1
1. LERFRRE
A. BazzetXIC&2QTH
=0.48sec'’?
0.46~0.47sec'?
0.45sec'’? :
B. Torsades de pointes (TdP)
C. ZAHTHE
D. 358kl EThnotched TiE
E. TR ORI .05
2. ERERIEIR
A. K@=
A BLABEF 2
JEAML A 1
B. ZXHHE 0.5
3. KIEE
A. definite LOQTEEEEF O KIRRE 1
B. 30mEmNDRERIE 0.5

=4point : high probability or definite
2~3 point : intermediate probability
=<1 point : low probability
MTdP& LMIFAMICHE L TR b %W,
(BEIHI) X 1 YE)

points

- =N W

», EHCIZAHTSH S, Rodenbid, BRATH
ZVVERELTWABEBERERSHIITIPERES
LEBEE,D, F=YIZXATIPORERITH
15% Chof- L MELTVWEY, F72, d-Vyu—
NSO BEDW23% CTAPARELTWD S
EAHRESRTVWAD, B, HIORENEFC X
B RBELQTOFENHE SN TH ) FIKE WY,

QTHMOIEER X, Bazettz % vy TOARAHIE
L72QTcheRA044sec? Ll EOBGEZTEL, 044~
046sec i ERITE S b, BRELQTORKS
Wi idSchwartzD B Wi ¥ (F1) ITEDSWTITDN,
LEMFRE, BRKFTR, REEZZB8ILL, £0
HEEBIC Lo T L TWAY, AR E TR
M, 1EUTRTREEMENEHET .

WL H S BERIKOEGFENTIC X o THIL 3, 7,
Ak EICFDORRE 2 2 BIZTFRENDDH L
BEEENLTWE ZOBOMMIETTRLETN
KCNQI (#1134 4k : LQT1, JLN1), KCNH2 (%7
wefafk : LQT2), SCN5A (#3%fufk : LQT3) @
BREFEEIRES L, SLCHE2ARBELED
KCNEI (LQT5, JLN2), KCNE2 (LQTS6),
CAV3 (LQTY) P WMESNTVE. SDITEHR
BIPES AndersenfEfEEE (LQT7)Y, TimothyiE
TR (LQTS) W, MEHREZMED b DWW HHE S
hTBh, BEDLEIABMESNTVAELQTE &
=T RREEFRREETH S (R2).

1 Romano-WardfE &8

CORRELQTICRBAFI TILIETIETLSA
THRRELEN TS (R2). BTy £ 7R
BERRD. LQT1I~3TIE, R OERIZLE
HWEE LD LBERFTRA»GEETFE
(genotype) *EHTEL5LEVH 5.

(1) LQT1

BLHWVWI A 7T, H50% % HDALEINTHEY,

EEERKEROEVcomponent (k) OF ¥ F IV
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HEH% I— F¥ BKCNQIDEEFEETEL 5.
KCNQIDERIZ X o TlkBIATRA L, EREL
TEBBEMNEMEHOER, LEREOQTERE
EUL%. LERLEZBEOEWKE 2THEI M E =
hTwa®, TIPOFLER, EE (62%) EiZAik
RHEHHA LA (26%) EBELLDODPENE
Bh, RERCERFICELLZLEENTHS
(3%). Inld, BERBEARERH CEMEHI ML
EE) 7 L OAEEEMERE /L S, RREBO
e E & D ICIEB BRI GRS T 525, 2
DIk DEEREE T I & o TS M OGS BT
WP ESNSL 2D, RREBIZEHELTHQTO
EARIZAE LRV, TbbHMWICQTERBIREE
LTdPZ 2729. ZD7z0, I DFEEHOLQTX
0 b I REAPRETEETTEREB IS LR HSE L, B

ENEOFEMELBVEEZ SN TS (H1a)Y.

22

(2) LQT2

LQTUIR CHEET, 35~40% % 505 & Eh,
BIEERKER DR vicomponent (Ix;) DF % AV
BEH% 32— FT5KCNH2BIZFRETELS. L
BEE v 7204 HETEIFEHME ShTway,
TAPD AL, EB) (13%), HBIIA ML A (43%)
HRIFLNTWBY, EE»SOEE (LHEDE
ML &) ITIPRENEREFEENTS
D, HICHET LK 2 CoFRBIC & 2TdPRAE
ALQT2OHFE ENTWwb. L7za->T, BIEIR
EERFSIT TR, RHIEIRFED 5 O B8 7% 38 B
ROFRYPTIPREICHGTHLEEZON, HEE
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Abnormal restitution property of action potential
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Aims This study sought to examine the action potential duration restitution (APDR) property and conduction delay in
Brugada syndrome (BrS) patients. A steeply sloped APDR curve and conduction delay are known to be important
determinants for the occurrence of ventricular fibrillation (VF).

Methods Endocardial monophasic action potential was obtained from 39 BrS patients and 9 control subjects using the contact

and results electrode method. Maximum slopes of the APDR curve were obtained at both the right ventricular outflow tract
(RVOT) and the right ventricular apex (RVA). The onset of activation delay (OAD) after premature stimulation
was examined as a marker of conduction delay. Maximum slope of the APDR curve in BrS patients was significantly
steeper than that in control subjects at both the RVOT and the RVA (0.77 + 0.21 vs. 058 + 0.14 at RYOT, P = 0.009;
0.98 £+ 0.23 vs. 0.62 + 0.16 at RVA, P = 0.001). The dispersion of maximum slope of the APDR curve between the
RVOT and the RVA was also larger in BrS patients than in control subjects. The OAD was significantly longer in BrS
patients than in control subjects from the RVOT to RVA and from the RVA to RVOT (from RVOT to RVA: 256 + 12
vs. 243 + 7 ms, P = 0.003; from RVA to RVOT: 252 + 11 vs. 241 + 9 ms, P = 0.01).

Conclusions Abnormal APDR properties and conduction delay were observed in BrS patients. Both repolarization and depolar-
ization abnormalities are thought to be related to the development of VF in BrS patients.

Keywords Brugada syndrome e Ventricular fibrillation e Monophasic action potential duration e Restitution curve e
Conduction delay

|ntr0ducti0n functional dynamics of action potentials localized at the epicar-

dium of the right ventricular outflow tract (RVOT) are known
Brugada syndrome (BrS) is characterized by ST-segment elevation to be major contributors to the occurrence of Brugada-type
in right precordial leads and sudden death due to ventricular ECG changes®” and to a premature beat originating from the
fibrillation (VF).1'2 Experimental studies®™> have suggested that RVOT epicardium.s However, it has not been fully resolved
ventricular arrhythmia originates from a premature beat, which which patients have the factors that degenerate rapid ventricular
is initiated by an electrotonic current from regions with promi- tachycardia (VT), which originates from a premature beat, into
nent Phase 2 domes to regions without a domef~® The VF.

* Corresponding author. Tel: +81 86 235 7351; fax: +81 86 235 7353. Email: nnishii@md.okayama-u.ac,jp. nnnnishii2001@yahoo.co.jp

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2010. For permissions please email: journals.permissions@oxfordjournals.org.
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It has been suggested that spatial and temporal heterogeneity of
cardiac repolarization contributed to the occurrence of ventricular
arrhythmias in experimental'®™" and clinical studies."> "® The
monophasic action potential duration restitution (APDR) curve,
which portrays the relationship between local action potential dur-
ation (APD) and preceding diastolic interval (DI), has received
much interest due to its potential role in VF.20~%2

On the other hand, spatial and temporal heterogeneity was shown
to be promoted not only under the condition of steeply sloped
APDR characteristics but also under the condition of conduction
delay.* Some investigators have suggested that BrS is partly due to
right ventricle (RV) cardiomyopathy, because morphological and/or
histological abnormalities are found in some patients with Br§5B 46
Moreover, depolarization abnormality is thought to be one of the
potent arrhythmogenic substrates in patients with BrS.2 3! Some
studies*32 have suggested that both depolarization and repolarization
abnormalities are important in the development of VF.

However, it has not been fully resolved how depolarization
and repolarization abnormalities interact and contribute to the
development of VF in patients with BrS.

The purpose of the present study was to simultaneously evalu-
ate repolarization and depolarization characteristics in BrS patients.

Methods

Patient population and clinical data collection
Thirty-nine BrS patients and nine control subjects were included in this
study. We defined BrS as the manifestation of a Type 1 electrocardio-
gram (ECG), which is characterized by a coved-type ST-segment
elevation >2 mm (0.2 mV) followed by a negative T-wave in leads
V1 or V2 in the presence or absence of a class IC antiarrhythmic
drug (intravenous pilsicainide, 1 mg/kg).z'33 Nineteen of the 39 BrS
patients had spontaneous Type 1 ECG. Age- and sex-matched
control subjects were the patients with supraventricular tachycardia
without structural heart disease and were candidates for radiofre-
quency catheter ablation. Patients with manifest WPW syndrome
were excluded from this study. Routine examinations, including
cardiac echocardiography, coronary angiography, and right and left
ventriculography, showed no evidence of structural heart disease in
any of the BrS patients and control subjects.

Informed consent for the tests was obtained from all patients. Clini-
cal data, including data on gender, family history of sudden death, syn-
copal episodes, and documented VF, were obtained from patient
records. Family history of sudden death was defined as unknown
sudden death at <50 years of age.

Signal-averaged electrocardiograms (SAECG) (ART 1200EPX; noise
level < 0.3 .V, high-pass filtering of 40 Hz using a bidirectional four-
pole Butterworth) were obtained in all BrS patients. Filtered QRS dur-
ation, root mean square voltage of the terminal 40 ms in the filtered
QRS complex (RMS40), and duration of low-amplitude signals
<40 pV in the terminal filtered QRS complex (LAS40) were measured
by SAECG. A late potential (LP) was considered to be positive when two
criteria (RMS40 < 20 pV and LAS40 > 40 ms) were met.*

Electrophysiological study

Subjects were studied under local anaesthesia and mild sedation. None
of the BrS patients had taken any antiarrhythmic drugs. In control sub-
jects, antiarrhythmic drugs had been discontinued for at least five
half-lives before the electrophysiological (EP) study. All of the 19 BrS

patients with spontaneous Type 1 ECG had almost same ECG
during EP study.

A 7F monophasic action potential (MAP) recording catheter
(Boston Scientific EP Technologies, Sun Joe, CA, USA) was advanced
transvenously to the RVOT or the right ventricle apex (RVA). A 6F
electrophysiology catheter EP series (St. Jude Medical, Atrial Fibrilla-
tion Division, Inc.. Maple Grove, MN, USA) was advanced to the oppo-
site RV site (RVA or RVOT) of the MAP catheter. Another 6F
electrophysiology catheter EP series was advanced to the high right
atrium. A 5F electrophysiologic study additional function for coronary
sinus (CS) (St. Jude Medical, Atrial Fibrillation Division, Inc.) was
advanced to the CS. Twelve-lead ECG and MAP were recorded on
a physiologic recorder EP-WorkMate (EP MedSystems, West Berlin,
NJ, USA) filtered at 0.05-100 Hz (ECG), 0.05-500 Hz (MAPs), and
30-500 Hz (other intracardiacs).

Induction of polymorphic VT or VF was attempted by programmed
electrical stimulation (PES) from the RVA and RVOT without the use
of any antiarrhythmic drugs as reported previously.>* The protocol of
ventricular stimuli included up to three extrastimuli (two basic cycle
lengths of 600 and 400 ms) and rapid ventricular pacing, with the coup-
ling interval of the extrastimuli not being less than 180 ms and the ven-
tricular rate of rapid burst pacing not exceeding 270 beats per minute.

Pacing protocol

Pacing was performed from the RVOT or RVA by a 7F MAP catheter
before attempted VF induction (BrS patients) or ablation (control
subjects).

Ventricular pacing was established at a basic cycle length of 500 ms
using a stimulus strength of twice diastolic threshold and 2 ms pulse
width. After a 3 min run-in period, S2 was introduced after 9 beat
trains of S1 stimuli, decrementing by 20 ms from S1 to S2 intervals
of 400 to 300 ms and then by 5 ms from 300 ms until refractoriness
(Figure 1A).

Data analysis

We measured monophasic APD at 90% repolarization (APDgg) for
each analysed beat. Diastolic interval was calculated as the value of
$1-52 interval minus the APDg, of the basic cycle length (Figure 1B).
The APDR relation was determined by plotting APDgg as a function
of the preceding DI. We created standard APDR curves for each
subject using DI-APDg, pairs for each extrastimuli. The data were
fitted using overlapping least-squares linear segments. The APDR
curves were analysed in 30 ms DI segments in steps of 5 ms, commen-
cing from 0 ms DI range that contains data points (Figure 2).

Dispersion of maximum slope of the APDR curve between the
RVOT and the RVA was defined as the absolute values of subtraction
from the RVOT to RVA.

We also examined the onset of activation delay (OAD) after prema-
ture stimulation from one pacing RV site to another RV site or LV
lateral site as shown in Figure 3 as a marker of conduction delay. Elec-
trical potential of the LV lateral site was recorded by the distal elec-
trode of the CS catheter. We could easily recognize the OAD as
shown in the graph of $152 interval and conduction time (Figure 3),
and then, we defined precisely the OAD as more than 2 ms delay com-
pared with conduction time in previous S2 stimuli.

His to ventricle (HV) interval was also measured in both BrS
patients and control subjects.

Mutation analysis of SCN5SA

Genetic analysis was performed in compliance with the guidelines for
human genome studies of the Ethics Committee of Okayama
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Figure 1 Method of pacing protocol and measurement of APDgg and diastolic interval. (A) Ventricular pacing was established at a basic cycle
length of 500 ms. S2 was introduced after nine beat trains of S1 stimuli, decrementing by 20 ms from S1 to S2 intervals of 400 to 300 ms and
then by 5 ms from 300 ms until refractoriness. (B) We measured action potential duration at 90% repolarization (APDgo). Diastolic interval was
calculated as the value of S1-S2 interval minus the APDg, of the basic cycle length.
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Figure 2 Maximum slopes of action potential duration restitution curves in Brugada syndrome patients and control subjects. The data were
fitted using overlapping least-squares linear segments. The restitution curves were analysed in 30 ms diastolic interval segments in steps of 5 ms,
commencing from 0 ms diastolic interval range that contains data points. (A) A representative action potential duration restitution in Brugada
syndrome patients with steep maximum slope. (B) A representative action potential duration restitution curve in control subjects with gentle

maximum slope.

University. Informed consent was obtained from all subjects. Genetic
screening was performed in 31 of the 39 patients with BrS. Genomic
DNA was extracted from peripheral blood leukocytes by using a
DNA extraction kit (Gentra, Minneapolis, MN, USA) and was stored
at —30"C until use.

Twenty-seven exons of the SCNSA gene were amplified with pre-
viously reported intronic primers.®> SCNSA gene Exon 1 is a non-
coding region, and we did not analyse this region in this study.
Exons 6, 17—1 sense, 21, and 25 was not able to be sufficiently ampli-
fied by the primers, and we therefore designed the following intronic

primers as previously described.*¢*” The primers used in this study are
as follows: Exon 6: sense 5'-GTT ATC CCA GGT AAG ATG CCC-3/,
anti-sense 5'-TGG TGA CAG GCA CAT TCG AAG-3’; Exon 17-1:
sense 5-AAG CCT CGG AGC TGT TTG TCA CA-3; Exon 21:
sense 5-TGC CTG GTG CAG GGT GGA AT-3', anti-sense 5'-ACT
CAG ACT TAC GTC CTC CTT C-3’; Exon 25: sense 5'-TCT TTC
CCA CAG AAT GGA CAC C-3, anti-sense 5-AAG GTG AGA
TGG GAC CTG GAG-3". PCR was performed in a 20 ul reaction
volume containing 50 ng of genomic DNA, 20 pmol of each primer,
0.8 mM dNTPs, 1X reaction buffer, 1.5mM MgCl,, and 0.7U of
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