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o L CHgRREER BT TAI LT, £0Y)
ARZEBETEIRBILNTEDZ LY, MR
BEERTHLERRWEEZLNS. LA
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SHIE QT JERICH5 SR

FEPHEE-FY FE fah™ 8 R Em P

[ ERIFERNT LS QT HER THmfEfERe torsades de pointes
(R SRR 2 BT b el s h g, M2
SGINEIREE i QT R & 1o 2B EKALR TS
25, FEREREFHERICLS QT ERICH LU THaR BBl
ESN TRV ORBURTHD, £ CLUBESEICE
P CQTEREREE T ENMON TV B IR SRR
(AT %38 OE R SERA R T

[ EI TR 14 45 3 A YBaRis e gL 0%
Yo 3255 Bl HREL, MBS OMIZED, Xt
BEONHRELTEL -, F i EFNC BT8R
Kb QT QT dispersion{QTAZRIE L7z, FEILKED
Torsades.org {CVARSI-ZER, b EOR G
RN TEREESITABLOTUBARMAZED 43 HITHB,
£ MDY levoflaxacin, azelastine 72 L SHEAMDAMRA T K
ARPHABARERBRA LI D& R 3R Ui, 32, iR
{ERIC LD EED M PR R T HHAEORR ALK
ROWELIT 2o,

[#55]3255 Bl LS 3RAGNT 433 H(13.29%) T, 9

' famotidine % 267 #(8.2%). clarithromycin i 129 $i(4.0%),
probucol {3 37 FKL.1%) Tiho 7=, FABARIEARAE 90 &)
207%) SHBIE 1 DB ORRFL 404 F1(12.4%) . 280328
B, 3ANX 1 BIToh o7, HHFIRID L0
furosemide {43 51(10.6%) FUABARREGHRHIL 5
B1(1.2%) Thro7=, ¥ 2 FILL B 29 Hidh
furosemide fFAIHHIE. 6 (20.7%) , LBl CoOXTRIEHAE]
V33 1(10.3%) . FLTBARIKOERBIE 2 1 (6.9%) Tho1-.
2 FILA EGFRICRE famotidine« clarithromyein T 12 9,
famotidine « probucol /i 6 i, famotidine-amantadine A% 3 i,
famotidine *nicardipine 232 Cdhotz, *15:3K 2 KILL LARA

! AAEHCAM Rk LRSS
T206-8512 B ARETAIL1-T—1

* AXERAFAREEK AR R

* BREHCPMRAE

<31 #24E AABEATIRYSES 20035128 | 1~120 #E
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EAERDSHS paroxetine AAHHENTED QT386msec,
QTed74msec LFERL TV Ve, L QTe(r=0.29) . FdL
QTd (r=0.28) DHIIIAL, QTe & QTd R (r=0.40, p<0.05)
IIFRIE AR, FIRBIDHROA S, LA BT A0
JEDFEZLD QTe IR IBD ol
{ERIISEEERAPIIEHE L, SERCTAE
REIH O SLIZ QT EREMR T BEE LR, 1L
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UD%WME(L&Eﬁ"ﬁﬁ'&‘éﬂ%ﬁ%é&%i&hf:o
[FRQT IR A b b NS MR IR R L i
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AFRENAHIT QTIIERL T, FEERAHEC B
Th QTR O T S 4T DL E R b
=

{cik]

1)Marie L De Bruin,Armo W Hoes,Hubert G Leutkens.
(Tc—Prolonging Drugs and.Hospitalizations for Cardiac
Arrhythmias.Am ] Cardiol 2003;91:59-62 -
2)B Darpo.Spectrum of drugs prolonging QT interval and the =~
incidence of torsades de pointes.Eur Heart ] Supplements -
2001;3:K70-K80 ‘

3W Haverkamp,L Eckardt,G Monning,et al.Clinicai aspects of
ventricular arrhythmias associ.ated with QT prolongation.Fur
Heart J Supplements 2001:3:K81-K88

-337-



TEIRETHE, 55(4) : 327-332, 2004

55327

i [ECIEEE

B A DQT I EAE1EET oA e

Key Words : long QT syndrome, arrhythmia, gene,
mutation, epinephrine

g1 RRMOTERERTFOZE XN (19935F)
%4

i C &I

QTERERREIX, QTRUIOMER &torsade de
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FT2BIZFREVERTSH Y, RETIZ60~
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SRMEQTERERIEOEREDNNT, 1993410
BF AN 7:SchwartzD ZHTEEHE (R 1), 43
KeatingWZ ¥R IZH U Tifbh b, Schwartz
OBUEETIE, FAROEIHIA LTS

LBERAFR
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=480msec
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450msec (B 4)
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C. ZfHE T #% (T wave alternans)
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AP LVAIZERRZN 1
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B. 30KiGCORBIEOFTES D 0.5
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BIFESE, 2 T3 3 HIEEEv, 1 AU TIITHE
ARV EHIET B (AL, A PLRIEI L
BRELTIPEAAFRD GGG 25T
2V, Keating®BErEHETIE, EESEBOBES
IS EQTHER (QTc) 2470msec, T 2213, DA
b LRI H, @TdP, @3558 AT D22FE
DOFEEEDS B, 12D %8S, BHTIIQTe
=440msec, L TIEQTe=460msec ThH il
=X (T

—%, BRO L CARMQTEREREECH

* Long QT syndrome.

*+ Wataru SHIMIZU, M.D.: EISL{ER M £ > & — LR PE (®565-8565 WE T A &5-7-1) ; Division of Car-
diology, Department of Internal Medicine, National Cardiovascular Center, Suita 565-8565, JAPAN
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Bl S h-LQT40 R HRIZF T H 5 Ankyrin-B
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5 (JLN1 X JLN2)®.

(DREFTHLQTEER

LQT1 8.5 Ti3faiv (broad-based) T i%, LQT2
BETIR v F %) FE (low-amplitude,
notched} T i, LQT3EE TIISTIHF DRV (late-
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IBOEWH GBEFROBENTTERTHHW, #
ETRFEE shiud, FRShIBEFEH,
AP -y FRfTHITEICYEY, RIZTFR
WOZECHBAZEHTLIZ LICES. T4,

BRIZFROZERIIRETHO0~T0%TH Y,

FRBEFVAZ SR WEETHE, Z¥47
N AT 2 USRS S IG#EA RN TTY
AONFREETHS. i, LQTIEAETIILQTS,
LQT3EFICHAT, LRIEOQTHRHNER $7:
IR O IER % B (non-penetrant mutation
carrier) FHEHIS { FIE (T2 | incomplete
penetrance)+ 3 & LA LW QTEERED
FHBREATHE, TRROQTHREIEETHo
T bmutation carrierPFEN T AT 5.

(i@ 551RD

I¥ A7) CAFNRER, ECLQTIEZICS
WTIhLDEREBEORIBIERTHLZ
ELHEEINTVE(FE 1),

FOROBREFRORETHE LTI, LQT7
TIATMRFEHOERL U, LQT4TRIER
FTUH & long pausef$ Obiphasic T i ASE B
L3N TWaH, LOQT5 1LQTsE Hbe T, +
DFERLQTL, LQT2, LQT3IZ RS k4%
RN TIRETEN Y — RS h T
vy,

(2) mREME, TdPHOHR

EfEHOF—7ics i, LQTIEZ .08
TR MRE, BREICETLAOMEE, 2RFE)
D62%ILEEPICET b, LQTUHIZRAERE
LT o L b BRERIGRN T £ T TH B,
—%, LAT2EEOLEEN43%4, WAL
A(EMREE), BREMOMET (HHET LiEsts
ENCL RN Y, SHIIEMENRRT
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AIRETERI S, T U TLQTIRETIL,
BERR P R ERRE I LHROBENE O
Tha, Fi, EREFRICHERHLEREL
T, AKikPpOLBRIZLQTIENIIS, HERHO
LHEMBLOQTREIIS W L LG EATWwE,
IR DLHIEOFR DBV, STRMEEHE
(B 2EARIBO T 2QTcdh 5 v idRRMLE
BEHEROE ORI LD LR, BE
BB L UERMATRER T A1,

FOALOBIEFEITIE, LOQT7CHEK MR
RAEETERRIMNETAZ EHFBEShTY
DA, KRR iME L EOBEEFIT LR
Wk EhTWna,

LQT4TiY, SMRIEITEEIECHTWAIA P LR
BRICE (32D, 7, WMEEILAHET HFRES
&%, HRACHBRORENRETHI L
HHEShTWAY,

3 F i

LHHEOEBIILQTILLQT2EETEH L, XK
STREILQTIEZETEWEENRTWEY, 7,
LQT1BEOME LEROREFIILQT2, LQTI
BEIESTEL, 208D R0OVEREIL L
WEERTWE, E642, PELIRORESE
BRI IC N TESTEL, L LLQTINS
HEETIIEFIERUTCRIET S I LA
EhTwnam,

4. B M|

(1) BERTEE

LQT1BE T3 B MO RAFN S HE
shtsh, BRBFioihuisihoBE Tt
eI E 2 L EhTnaW, 1LQT2RED.
B b S B RRAME T A0 B
L E—RIRETH DA, LQTLEEIH~F
I (59%), PO RREOHERH
LELBEMNEN. —F, LQT3EETIE, pE
BIEIENTH L TREMEMERCRR S L
Tb‘?am.

(2)Na*F v 5 VRS

LQT3EETI1, late altBf{ER 2 b oA X
VF I E D QTEEDERICERT 5 2 LAtk
HENTVDY, LOTL,LQIZBHE T}, A%y
LF AL HQTROEREIEETHS. L
L, A% L% i3 MAREAPD & BRINENICEE

IMRERH H55% H4 5

SHT, ABRMRSERMO/Z VX LQTIE
FALAZES IR NS, TdPEIIT A &
67 LT, LQTZRE I BV THLHENE
DI HEHETE S,

(3) Ca?* {51 2E

Cat* M ENANI NI ML, AREBRTR
SEFHI LI NQTIHICAPD R EHL, £
7z, TAPE L B OLEWHIRORTE L2
LHARHEESEA IR L2, & (B ERT
HEIMTHRBOLZVLOT2HE CHBIMERAH
faha,

(4) K+, KRR E

LQT2BH Tit, KL K REEFARED
PFRC L HMFKHED ESIC L, QTRMAE
BILEBTAZEPHEEINRTVWED,

(K*F+ 2O

karAOED =2 T IV LOIHEEIL, i
FEOLQTIBREIIBVWT LY A7) YIZLhER
LAQTERRAPD Y S 25 Z kA s h
Twad, F/-, £BHIZIE, LQTIEAHFIIEH
SEMREIHFCEY, LQTILLQT2ZREIZ B
TOA, EIFERE CHBIMRATERIER A
HFaniz»®,

(6)— A A — & —{ff, HAXBIRAE)F

LQI3 T, EERATIZLERMIZE, (Lnfo
s & o CQTRAAEHIENRT A 2 L hsmw,
ELKRLQT3BEIC BV TR - A X —h — G
A TH D, LQTIE L UFLQTZEHIZBWT Y
IERFITIIAEBELSHFE D, —F, PERE
EIE, & OREIRBERESE, HAARIRM
BB 0BISEEZ LNDLD,

HRRMEQTIERIERET

1, FAs L UBE
BRMQTEREREORER E 2 2B/ E2R I
Y. —HOERBOTERERERBE TR, &R
QTEER fERB DR R R{EFCd 5 KCNQI, KCNHZ,
SCNSADBRIZFERVRESATHEM-™, 4
F ¥ F v 3 NABEEIHIATIGVE RO ENE
ERBROQTHMIIEN TR TH L,
WERTFIMD - ZBRICQTIERAERE L & HTdP
PRETAHARFEMQTHERERFORTEL LS
LtokEZLRA,
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1)##H]
A EIRE
Tla¥ (¥, YVESIF, 700473
F, ¥Ry ri k)
MpE(vrg—n, =7z2h3>F, 7id50O
v &)
CHEWE(LY AL Ly E)
CHBERHEM b SadS=LE)
CHTUAF-R(TAFIV—RLY)
- HEEREE(FR Ik k)
- HOEEEE (TR K=, yuirTuawPol
&)
CZBRREI oL TTIy, TIVYTFI
br el
CHgEl(FEOAMEL LR E)
2) Bk
cEETO v, [ARETRERE
IEBHERFE
- EK+MfE, {EMg?t MfE
4) T AR B
- ZEETHMD, FERED

2.8 ™

TdPRERFIZIZ, QTEEOER, FRORE
HEETHLH. Ti4dbb, BRERORIE, &
BEAREORE, RRIMERTLL2-TVE
BAITIE, B0~100/FD—EHN—Y v T RT
F T ¥ (0.01~0.02mg/kg) HHECLABE0L I
BED, AVTOFLV -, EEEREL
TIIAPDZ#EE XL 2@ Lkvirdiiv,
Bl LT~ 37 A (12 gffE+
5~20mg/ T OFEEETH) A — RN TH 5. QT
BEfIA IEEAL L A-TdPIER/ERFIC D, QTHER(E
RoHsEXCERARYE, BRIKICHLTASR
BRICERTHEE S D, BIIIhbDERE
PHITLLIBETLLERDH L.
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® R[HIEE

1AV F v RIVBDREDEE

EriEmsme v ¥ —LMOERR K B

(= P )

19905 D & OO TFEMHE AR O
L&D, WO DBEETEIRERN, A4
vF v 2 PHIBEE QORI G T 3 iE
FORBILEDVBRERETZAA v F 30
WTHEZ LML, T ORFEIEERE
LT, FREQTIERIEMEE (LQTS) & Brugada
RN TN D,

1 X QT ERIEMRR

FFREQTHRIERE L, QTHHMOERIZf
V3Torsade de Pointes (TdP) & ¥F 3 1 5 S0
FEHREFERBI L, RHEEPERATORR
i rREMRRCH S (EL.

A QT=600 ms QTc=548 ms

B  Torsade de Pointes

1) BEFE

Romano-WardfE BB CRIREZ T2
BEFHEIERE SN(XR]), SEEFRHOBEE
3, LQT14%40%, LQT25:30-40%, LQT35510
%, LQT5ELQTEA2-5%, LQT4, LQT7iz>
TRBFEFAOATH D, LQT1 ELQTD REEH
ETTHBKCNQIELKCNEL, BXIULQT2E
LOTsD RABEETF TH BKCNHZ L KCNE2IZ,
FRETNEAEE TR L OBEERK Tk (k)
DI DE VRS (Ike) B & TRV (k) @
Bt rd, LQRBOEREBEFILHESA 7
Na*# ¥ 2L DSCNSAT, EBERN TS +—18
THN Blate Nat o (va) WEIR T 3, T,
QTERICINZ TRREIMBRE & BREK 2 S

T T b P :
155

d
bt

i

d T
1= f - —F: -
e L T TRV
R i

T Hi P

+
=
Tt

4
L
e ]

e
P

Bl A AXNUQTEREREIO125

TPy HE

EWLQTHMOEER (QT=600ms, QTe=548ms) 2 ZH 3,
B. M AR OMFE 15| % Fivs T short-Jong—short sequence CTorsade de

Pointes% 8 3,
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R1 QTHEEMRMOMILET L4 4 v F v 204808

g4 WMIRTIE FRlET LT Y
%Xttt (Romamo-Ward syndrome)
LQT1 11 (11p 15.5) KCN@! Iks
LQT2 7 (79 35-36) KCNH2 Ikr
LQT3 3 (3p 21-24) SCNSA Ira
LQT4 4 (4q25-27) Ankyrin-B Na/K ATPase, Inaca
LQTS 21 (219 22.1-q22.2) KCNEl Tk
LAQT6 21 (21q 22.1-q22.2) KCNEZ2 Inr
LQT? 17 (17q 23) KCNJ2 I
%R (Jervell & Lange-Nielsen syndrome}
JLN1 KCNQ1 (homozygous)  Iua
JLN2 KCNEI (homozygous) s
BRE (FEATERNE)
11 (11p 15.5) KCNQI Iks
7 (7q35-36) KCNH2 s
3 (3p21-24) SCNsA INa

##7 2 LQT7 (AndersenfEfZE) OFAREB F i
KCNJZ TP & BHK B/ () ORI R T T,
BREREINLQT4OFEERBEFTH 2
Ankyrin-Bi%, Na/KATPase®Na*-Ca®* %%
MR (Ineca) 2 EOMIBIBEE QSR BIR L, &
RELTHlRACES Al 2T, wihol
EFECLARE BT (ks I, o)WY EH
AE 2B (Jate I, Ic)AMIMT 2 2 Lick
b, EERMFEERE(APD) & L QTHIR A
RT3, HiGafsittn ol
BE% £ 9 Jervell & Lange-Nielsenfi{E o —E8 D
WAL, KCNQI1 ¥ IZKCNE1O F e gtkT
HHZ EMPEEIN T2 (JLN1EJLN2), %
1=, BRELQTSO—HEoHRATIE, LQTI,
LQT2, LQT3DFERBETTHBKCNQL,
KCNH2, SCNSADREPHEEIh TV,

2) RETHEORE

LQT1 8% ¢l v (broad-based) T,
LQT2HE Tk / v F % ) FE (low-ampli-
tude, notched) Ti#, LQT3EE CRSTHLDE
V> (late—appearing) THEDSH AT E EhTw3
(E2A-C). L 6DHBTHOBREIIE, L5
TAR0AGD: & DR P B ICTFET 5 APDO RV mid-
myocardial (M}#8E, & & ORS00

THOHEHOEHREZ 7S F —HoBE O
M53 3 EEL 60TV (E2D-D?,

3) TdP O SEi%re

B ALY R 1T X 3LQT1, LQT2,
LQT3EFATIX, Wih b LEIASIE (85
7 IETE) Q28R 5] X ET Vo CARRKETAP
BEREIN, £, BARETIPHFEEL 2V
BAETS, APDARIEO.LAIRA AL & BT
MR EANS LI I DEBICTIPHEER X
s, SNGORBEEMS, TIPOBFEL
T, 5lE&L 2 3BMBOLERRRE, M
A E - LHBRR L ¥ it REE L T
2 B R (EAD) ) b DRI E £ 2 &
T3, —H, TdPO2REBLEOBREIE, M
FMRSAPD DR A LR 1o 10  FEREME T 53 #ny

[?s87 Y ¥ (transmural dispersion of re-

polarization : TDR) DA HE L T2 ) v
FU=tELIOGNTOVS,

4) LY (TAP HF) OFE

LQTIRNI R MRS N L TR b sl
MEWFA 7 THY, LQTIEEDLEL (%M
Fle, BEREINL 2081, =) D62%12
EHicRT 2%, g7, Kikho LB
LQTIEZ By L 2 hTw 3, ThiodL T,
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LQT1 LQT2 LQAT3
ECG
{(V3)
1.0
- A KCNat B KCNH2 ¢ SCNSA my
500 msec 500 msec 800 msec
BREREE LG A
D Control  E Chromanol 2930 {30uM} F Control G d-Sotalol (100 uM)  H Control | AYX-II {2t nM)

+ [soproteranol (100 nM)

Endo

M Cell

Epi

ECG

VT

200 msog 200 msec

+low [K*),

50
my

Ll
A my
-
Ilmy
il 108
lmv
156
200 msac

B2 AFUQTEREEROBEFHLQTL LQT2, LQTS) R s BT
BRI B LIS OQTIEE € 7L X 3 RETH O HER

A-CH, LQT1, 2, 3BEoVSHEELER (ECGY FHR, D-1ix, LQTL, 2, 3
EFAICE T 0N (Endo), M, LHHE (Epi) fIJEO iSRG & ECG @K
#2 (RCL = 2000ms) % ¥, Ik EMEO /0w —N203B & BFEEHE (4 v

7RFL /S —-A) ZHOLQTIEFATIE, LQT1 BH 25581897 broad-based T
EOERIN TS (B2A,F), elffiEod v yo—A L EKERRE VA
LQT2 ®F ATk, ZH0fIRR0EHRLE 3 SRk L TREgREs NS L

#3780, LQT2 B 0ay % notch £ #£ 5 low—amplitude TEZ 2L TV 2 (&
2B,G), late In. J3ATE® ATX-T 2 V27 LQT3 £ F AT, =-20HEN CIER
MAE2AAEIICIER L, QRSH & TEMEA F CORMMER T % late-appear-
ing TH*RBLTWw3 (B2C,I) (E 1,2 #3%E),

LQT2EF 0L D43%13, HEA F LA B
HeEE), BEEToF(EHET LR
L ZEBRL FOSBICKRMENTERET AR
T BY, 7, WENBOLERIILAT?
Bl EBEEIhTwS, —4, LQT3EE
T, LDEEOSE RBREDEAHFICEVE
XhTwa,
5) BEFUNOZEAZRIINICET IRED
- (A
ERD XD LTIPREDOER D@, BiE
FROEBREERMIC N T 2 RIEDE I
Lo THHI NS, LQTL, LQT2, LQTIEHIC
TEARMME TSI IR 7Y O E KRR
EHfTT 5 L, SRETRHTHEEQT(QT) MM
DEHHRISHRR Y, LQTIEE T, <t

270 01pg/kgf—5 AfHE+ 01ue/ke/
ST ) B ERICQTe M EICER L, ¥
BEAmPoEFTRETCHQTAER T 20
WA LT, LQT2EE T, Y27 Y yFBE
BB EPLQTHERER2 R M, &
HRETIIQTea vy Pa— L LRLiEl T
HAT 5, SHICHLTLQT3ER T, ¥4
7 ) YEBEBOQTHER FIEE T, ERIRE
TOQTeid 2 ro—ALATIERY
5, TEX7 ) AFRBRIIHT S ZDQTch
BRENZRIGOE V> S, BETHLQTL,
LQT2, LQT3) DT TH b (B3I, F
HMENIBEFHIERA IV 7E{TH 2
tick b, BETIHOBRECHMEEHNT S
SEWTED, i, BRECHETFEHEOR
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A QTc 2 35 msec
CERUN -1
YES NO
A QTc 2 80 msec
(E—48% - AN
N
LQT3
ERE

B3 37V AL ARIETHOHTE
TER7 Y yENBRROERREC, FIEQT
(QTc) #4135 msech! EIER T 2B &12121LQT1
RI#EXND, ENRETOQTCHFEAI5 msec
EK{T, HOIERX7 V- ANRATE (Y—2
F¥) © QTcEEDT 80 msec B E OB &1212 LQT2
BlitMansd, ThlAOBSICRLQTINE
RERELEILND (XRS5 2HX).

kit X b, BFXHLQTSTH, BETRRLL-
Tt & AR O QTS IIAE R REFE © K Rhix
FOREOED & ¢, BRANCIILQTS & 21
Ehiy, LHYBERERENTAL S
T2 LS D Lo T &1 (TRLR
)P, gub i, LQTSOREMRATE
BEBOQTREIBERE TH-TL, TOHizi
mutation carrierZ3EEET 2 HEM M H 3, bh
bhOBED T — & T, HIKLQTIZICERE
BEIS L (W30%)Y, chooBBERED
B, ThbLBEHQTEREREEED
BEILLLER 7Y VRBRIEREEL 6N
37,

6) MEFLIRNEYA
(1) LQT1®

BEMEIMFRWICEDTH D, ERBRK
L EB1% O BB OTAPHENMFI T h 3 & X
NTw3Y, late BBifEAE bOA XS LF
iz, LQTIBECIQTEMEFAIERETH 2
%, MUIBSAPD #:B{RENCAE X 2T, B
BoEHEo 7 X 2HbhERZI X
nY, BENIEEMOTHREED 2R,
DA RN TR D, 2, CaTHE
RBDRIAINL, WAEEHEHEI IS

2 EIC X hQTHERIRAPD 2485 L, BlMigE L
DR THIBRIIE 2 s,
(2) LQT28!

LQTIEY & FHRiC BEBTEME RN §
29%, LQTIRE I HRERIIE L (59%)Y,
ORTERE(A X LFr, RT3 0)0
PEHBLBEELBZ I EMS, T, LQT2AE
T, KTUHIEKMRISEFREDONAIC L 2
MEK MEO ERIC X0, QTSR ZIC M
TEIEMBREINTVLEY, kpliDHEn=
23 VP, LQTIELQTRRNC B TEIEMN
BLUERMWICEDEIHEINTVLEY, §
MRS ERT 2 &, MEE ORI
ERFEREMSHEI s BETH 2,
(3) LQT3®

A XL FrRLOTIAE OQTRREE H Wi
ML, SBIREEELSNh 3, QTR
BEBRALRBMYLAEIE I 2w Titn
RHRRATH D, SlEEEORIIHFETET,
BRI L ANEX ¥ A srn X
ntwz,

7) SegEMa

BEMFE L E T AHRARMERRI< LD
PhoTEREZRGAH, Tid BN
T, WThORETETLHHAZATIERHIS)R
DB EEL NS,

LQT3BE Ci3, BRMICOHBRMNCG, O
AREOMMIZ & > TQIHAHFERICEET 5 C
Lingl, R—R A=A —BRHBENTH B,
LQT1, LQT2RETH, BIREITIERA—RAA—
A—DEMEMREETE S,

2 Brugada fEfZEE

BrugadafEfR{513, 19925 ICBrugada’lasic &
h S TRELTTRE S WERRT, VId
5 V2(V3)ZEBLBE Teoved T F 7 {dsaddle-
backBOST LR L.LEMBH(VF) B EHEL,
HorhBENREEZROLwERTH S (H
4) 10)0

IR S

FIEEBEZ, AFREED LTV THIRICS
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OBJECTIVES

BACKGROUND

METHODS

RESULTS

CONCLUSIONS

We examined the cellular and ionic mechanism for QT prolongation and subsequent Torsade
de Pointes (TdP) and the effect of verapamil under conditions mimicking KCNQ1 (I, gene)
defect linked to acquired long QT syndrome (LQTS).

Agents with an Iy -blocking effect often induce marked QT prolongation in patients with
acquired LQYTS. Previous reports demonstrated a relationship between subclinical mutations
in cardiac K* channel genes and a risk of drug-induced TdP.

Transmembrane action potentials from epicardial (EPI), midmyocardial (M), and endocardial
(ENDO) cells were simultanecusly recorded, together with a transmural electrocardiogram, at a
basic cycle length of 2,000 ms in arterially perfused feline left ventricular preparations.

The I, block (E-4031: 1 pmol/l} under control conditions {n = 5) prolonged the QT interval
but neither increased transmural dispersion of repolarization (TDR) nor induced arthythmias.
However, the Iy, blocker under conditions with Ik, suppresston by chromanol 293B 10 pmol/l
mimicking the XCNQT defect (n = 10) preferentially prolonged action potential duration (AP}
in EPI rather than M or ENDO, thereby dramatically increasing the QT interval and TDR.
Spontaneous or epinephrine-induced early afterdepolarizations {EADs) were observed in EPI,
and subsequent TdP occurred only under both I, and Iy, suppression. Verapamil (0.1 to 5.0
pumol/]) dose-dependently abbreviated APD in EPI more than in M and ENDO, thereby
significantly decreasing the QT interval, TDR, and suppressing EADs and TdP.

Subclinical Iy, dysfunction could be a risk of drug-induced TdP. Verapamil is effective in
decreasing the QT interval and TDR and in suppressing EADs, thus preventing TdP in the
model of acquired LQTS. (J Am Coll Cardiol 2005;45:300-7) © 2005 by the American

College of Cardiology Foundation

The long QT syndrome (LQTS) is characterized by a
prolongation of ventricular repolarization and recurrent
episodes of atypical polymorphic ventricular tachycardia
known as Torsade de Pointes (TdP) leading to sudden
cardiac death (1-3). The molecular basis of congenital
LQTS is attributed to defects in several ion channel genes
encoding delayed rectifier K¥ or Na* currents. On the
other hand, agents that block rapidly activating delayed
rectifier potassium current (Iy,) often induce marked QT
prolongation with an inverted T wave in patients with
acquired LQTS. Recent studies indicate that some cases of
drug-induced LQTS can be associated with silent muta-
tions and common polymorphism in genes responsible for
the congenital LQT'S (4), such as KCNQ1 encoding slowly
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activating delayed rectifier potassium currents (I} (5-7).
However, it remains unclear why subclinical Iy, dysfunction
is a risk of drug-induced LQTS.

Both early afterdepolarization (EAD)~-induced triggered
activity and increased dispersion of repolarization have been
suggested as important in the genesis of ventricular arrhyth-
mias in congenital and acquired LQTS. Moreover, vera-
pamil, an L-type Ca®* channel blocker, suppressed EADs
and TdP in patients with LQTS (8,9). In the present study,
we hypothesized that: 1) addition of Iy, block to I,
dysfunction markedly prolongs action potential duration
(APD) and induces TdP by producing EADs and/or
increases transmural dispersion of repolarization (TDR);
and 2) verapamil suppresses TdP by preventing EADs and
decreasing TDR. In arterially perfused feline left ventricular
wedge preparations, we demonstrated that subclinical Iy,
dysfunction, mimicking KCNQ? defect, could be a risk of
drug-induced TdP, and verapamil successfully suppressed
TdP in the model of acquired LQTS.

METHODS

Arterially perfused wedge preparations and electrophysi-
ologic recordings. All animal care procedures were in
accordance with the position of the American Heart Asso-
ciation research animal use (November 11, 1984). The
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Abbreviations and Acronyms
APD,, = action potential duration measured at $0%

repolarization

BCL = basic eycle length

EAD = carly afterdepolarization

Ix = delayed rectifier potassium current

I, = rapidly activating delayed rectifier potassium
current

Ik, = slowly activating delayed rectifier potassium
current

LQTS = long QT syndrome
TdP = Torsade de Pointes
TDR = transmura! dispersion of repolarization

methods used for isolation, perfusion, and recording of
transmembrane activity from the arterially perfused feline
left ventricle have been detailed in a previous study (10) and
are similar to methods reported using canine or rabbit
wedge preparations (11-15). Briefly, a2 transmural wedge
was dissected from the anterior wall of the left ventricle,
cannulated via the left descending coronary artery (or the
first branch of the left circumflex), and placed in a small
tissue bath arterially perfused with Tyrode’s solution. The
temperature was maintained at 37 *= 1°C and perfusion
pressure maintained between 40 and 60 mm Hg. Ventric-
ular wedges were stimulated with bipolar electrodes applied
to the endocardial surface. We recorded a transmural
electrocardiogram (ECG) (epicardial, positive pole} using
Ag-AgCl electrodes, and transmembrane action potentials
(APs) simultaneously from the epicardium, midmyocardium
(M), and endomyocardium using three separate intracellular
floating microelectrodes. The epicardial and endocardial
APs were recorded from the epicardial and endocardial
surfaces, respectively, at positions approximating the trans-
mural axis of the ECG. The M-cell's AP was recorded from
the transmural surface, mainly at the subendocardium, along
the same axis.

An 1, blocker, E-4031 1 pmol/], was used in control
condition (n = 5) or under condition with Iy, suppression
by chromanol 293B 10 pmol/], mimicking KCNQ! defect
(n = 10). The effects of an L-type Ca®* channel blocker,
verapamil, were evaluated at 0.1, 1, 2.5, and 5§ pmol/l under
the Iy, and Iy, suppression (acquired LQTS condition).
Epinephrine 0.5 pmol/l was used to mimic increased
sympathetic activity in the absence and presence of vera-
pamil under the acquired LQTS condition. The spontane-
ous or epinephrine-induced EADs and subsequent TdP
were evaluated under each set of conditions.

Data using E-4031, 293B, 293B + E-4031, and addi-
tional verapamil on top of 293B + E-4031 were collected
for a period of 30 min starting 30 min after applying the
above compounds to the perfusion. The APD was measured
at 90% repolarization (APDy,). The TDR was defined as
the difference between the longest and shortest repolariza-
tion times (activation time + APDyg) of the APs recorded
across the wall. The QT interval was defined as the time
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interval between the QRS onset and the point at which the
line of maximal downslope of the positive T wave and the
line of the maximal upslope of the negative T wave crossed
the baseline.

Whole-cell patch-clamp experiments. Epicardial, M, and
endocardial cells jsolated from the feline left ventricle were
voltage-clamped using whole-cell configuration of the
patch-clamp technique (16). Patch electrodes were pulled
from borosilicate glass capillaries, heat-polished, and had a
tip resistance of 2.0 to 3.0 M{} when filled with standard
pipette solution containing (mmol/l): 70 potassium aspat-
tate, 50 KCl, 10 KH,PO,, 1 MgSO,, 3 Na,-ATP, 0.1
Li,-GTP, 5 EGTA, and 5 HEPES (pH adjusted to 7.2
with KOH). Membrane currents were recorded from the
epicardial, M, and endocardial cells superfused at 34 to 36°C
with normal Tyrode’s solution containing (mmol/l): 140
NaCl, 5.4 KCl, 1.8 CaCl,, 0.5 MgCl,, 0.33 NaH,PO,, 5.5
glucose, and 5.0 HEPES (pH adjusted to 7.4 with NaOH).
In all current measurements, nisoldipine (0.4 pmol/1) was
added to normal Tyrode's solution to abolish I, ; . The cell
membrane capacitance (C,,) was calculated for each cell by
fitting the single exponential function to the decay of the
capacitive transient elicited by a 5-mV step hyperpolariza-
tion applied from a holding potential of —50 mV (17).
Simulation study. Isolated epicardial, M, and endocardial
cells were simulated using a Luo-Rudy dynamic cell model
modified by varying the maximum conductance (density) of
Ik, and I, (Gg, and Gg,) as described previously {18), in
which the G /Gy, in the epicardial, M, and endocardial
cells were 23, 17, and 19, respectively. The transient
outward potassium current (I,,) was incorporated into the
model using the formulation of Dumaine et al. (19), in
which the maximum conductance of I, {G,,) was set to 0.5,
0.25, and 0.05 mS/pF in the epicardial, M, and endocardial
cells, respectively.

Statistics. Statistical analysis of the data was performed
with a Student # test for paired data or analysis of variance
coupled with Bonferroni’s test, as appropriate. Data are
expressed as mean values *+ SD except for those shown in
the figures, which are expressed as mean = SEM. Signifi-
cance was defined as a value of p < 0.05.

RESULTS

The QT interval, APD, and TDR under an acquired
LQTS condition with or without epinephrine. Figure 1
shows transmembrane activity recorded simultaneously
from the epicardium, M, and endocardium together with a
transmural ECG at a basic cycle length (BCL) of 2,000 ms.
E-4031 (1 pmol/l) alone significantly, but homogenously,
prolonged APD of the three regions, causing no major
change in TDR (Fig. 1B). Chromanol 293B (10 umol/l)
alone did not significantly increase the QT interval, APD of
the three regions, and TDR (Fig. 1C). The additional
E-4031 to 293B, mimicking acquired LQTS, preferentially
prolonged epicardial APD, thus dramatically increased QT
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