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Magnetocardiographic Demonstration of Torsade de Pointes
in a Fetus with Congenital Long QT Syndrome

HITOSHI HORIGOME, M.D., PH.D.,* HIROKO IWASHITA, M.D.,i MASAO YOSHINAGA, M.D,,
PH.D.,1 and WATARU SHIMIZU M.D., PH.D.§
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Department of Internal Medicine, National Cardiovascular Center, Suita, Osaka, Japan

A 22-year-old pregnant woman was referred to our hospi-
tal at 28 weeks of gestation for investigation of complex fetal
arrhythmia. It was her third pregnancy after two uncompli-
cated ones. Medical history indicated no hereditary disease
or previous attacks of syncope. Fetal echocardiography re-
vealed occasional interruption of baseline sinus bradycardia
(HR 100-110 bpm) by episodes of nonsustained tachycardia
or 2:1 atrioventricular block (AVB). This combination of ar-
rhythmias resembled the malignant form of congenital long
QT syndrome (LQT), associated with HERG or SCN5SA mu-
tation. Fetal magnetocardiography (fMCG) performed in a
magnetically shielded room using a 64-channel SQUID mag-
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Figure 1. Fetal magnetocardiogram recorded at 28 weeks of gestation. Top,
Bradycardia due to advanced atrioventricular block precedes the polymor-
phic ventricular riythm of several QRS complexes. Arrows indicate P waves.
Middle and Bottom, Polymorphic ventricular tachycardia with fluctuating
QRS axes (torsade de pointes). Heart rate is 192 bpm. pT, pico-Tesla.

QT=700 msec

Figure 2. Electrocardiogram recorded immediately after birth, showing
prominently prolonged QT interval (700 ms) and functional 2:1 atrioven-
tricular block. p stands for p wave.

netometer (MC-6400, Hitachi, Tokyo, Japan) showed typical
waveforms of torsade de pointes (TdP) (Fig. 1).

Maternal administration of intravenous lidocaine was
started immediately, followed by oral propranolol and then
intravenous magnesium sulfate. The treatment resulted in
successful suppression of ventricular tachycardia (VT). Two
weeks later, however, VT recurred, necessitating additional
administration of oral mexiletine and increase in the doses of
propranolol and magnesium, again resulting in suppression
of VT. At 33 weeks of gestation, delivery was induced follow-
ing reduced biophysical activity of the fetus. The mother gave
birth to a male infant with a birth weight of 1,965 g. ECG
recording of the newborn revealed prominently prolonged
QT interval (700 ms) and functional 2:1 or more advanced
AVB, resulting in marked bradycardia (50-70 bpm) (Fig. 2).
Treatment with oral propranolol and mexiletine, intravenous
lidocaine, and magnesium was unsatisfactory. A pacemaker
was implanted at age 1 day, which resulted in complete sup-
pression of VT. Gene analysis of the baby using peripheral
blood revealed a missense mutation of HERG gene (LQT2
exon 7, c. 1882G > A, p. G628S).

Despite full examination of the fetus, placenta, and um-
bilical cord, at least 25% of cases of unexpected fetal death
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remain unexplained. An increasing number of case reports
support the concept that part of deaths in utero are due to com-
plex arrhythmias associated with LQT. FMCG has recently
gathered much interest in prenatal diagnosis of congenital

channelopathy because it allows noninvasive measurement
of QT interval in the fetus. The present case demonstrates
that fMCG can be used to record typical TdP waveform and
confirm the diagnosis of LQT.
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Calcium channel blocker and adenosine triphosphate terminate
bidirectional ventricular tachycardia in a patient with

Andersen-Tawil syndrome

Naokata Sumitomo, MD,* Wataru Shimizu, MD,! Kazuo Taniguchi, MD,* Masayasu Hiraoka, MD#

From the *Department of Pediatrics and Child Health, Nihon University School of Medicine, Tokyo, Japan, "Division of
Cardiology, Department of Internal Medicine, National Cardiovascular Center, Osaka, Japan, and *Department of
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Andersen-Tawil syndrome (ATS) is a phenotype of long
QT syndrome 7 (LQT?7). It is linked to mutations in the
KCNJ2 gene, which encodes the inward rectifier potassium

* channel Kir2.1.' ECG QT-U wave morphologies in patients
with KCNJ2 mutations (ATS1) are mild QT prolongation
with prominent U waves, with other clinical features dis-
tinguishing ATS1 from long QT syndrome.? We report a
case of ATS1 presenting with unique features of ventricular
arrhythmia, developing as bidirectional ventricular tachy-
cardia (VT), and its reproducible termination by a calcium
channel blocker and adenosine triphosphate (ATP).

A 13-year-old girl was referred to our hospital for eval-
uation of an arrhythmia. She had a small chin and low-set
ears but had never experienced syncope or paralysis. Pro-
grammed ventricular stimulation did not induce any VTs.
Resting ECG revealed normal QT (400 ms) and QTc
(442 ms) intervals (Figure 1A). Upon infusion of epineph-
rine 0.1 pg/kg/min, QT interval prolonged to 480 ms, but
QTc remained normal at 441 ms. U-wave amplitude in-
creased to equal or larger than T-wave amplitude (indicated
by arrow), then bidirectional VT started (Figure 1B). Onset
of premature ventricular contractions and the first beat of
bidirectional VT coincided with the peak of the U wave.
During induction of bidirectional VT by epinephrine infu-
sion, application of ATP 10 mg reproducibly terminated the
bidirectional VT (Figure 1C). After recurrence of bidirec-
tional VT, infusion of verapamil 1 mg completely termi-
nated bidirectional VT (Figure 1D). Genetic analysis of the
patient disclosed a novel mutation of KCNJ2, N190L

The characteristic T-U wave patterns are identified in

KEYWORDS Ventricular tachycardia; Adrenergic stimulation; Adenosine
triphosphate; Delayed afterdepolarization (Heart Rhythm 2008;5:
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91% of ATSI patients.” The present case developed a prom-
inent U wave in lead V, and bidirectional VT during epi-
nephrine infusion. ATS1 is a disease associated with dys-
function of the I, channel.'? I, plays a major role in late
phase 3 repolarization and maintenance of resting potential.
Decreased Iy, function leads to prolonged repolarization,
QT prolongation, and instability of the diastolic potential.
Morita et al® observed that U waves were associated with
delayed phase 3 repolarization and occurrence of delayed
afterdepolarizations in a canine model of ATS1 using CsCl
to suppress I,. Tsuboi and Antzelevitch® reported delayed
action potential repolarization and QT prolongation but no
increase in transmural dispersion of repolarization after
blocking Ix, by BaCl, in canine wedge preparations of an
ATS model. Therefore, prominent and wide U waves in
ATS may be related to slowed terminal phase 3 of action
potential. ‘

Adenosine and ATP reportedly suppress VT due to
triggered activity by preventing intracellular Ca®* over-
load. Epinephrine-induced premature ventricular contrac-
tions were reported to coincide with exaggerated delayed
afterdepolarization-like hump and the U wave.” Here we
report use of ATP and verapamil to terminate bidirec-
tional VT in a patient with ATS1. This finding may
provide further clues to bidirectional VT caused by de-
layed afterdepolarizations in ATS.
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{Abstract)

ERXMQTERFEBEESBrugadafE ML IIUD LT 2EEMAERE R, [+ FrivlilREREAOR
2oL LBEFOERIZIVRETA[AFTVFAANKRITHLIENHL R R —F, #EZTFER
(polymorphism) tX, ThSOBREEUAERKBOFEFERICILZBERYE 2B T2 modifler 2 LTOREAH
RRENTWA., i, BIZFEHESSEMT, —BRBEANCBOTHRAERE REROBELLTI) 2
THUREEDEZIOLNTWS,

BrugadafE B OFHBIRZ T TH HSCNFA LOEEFIBIZ, BHERA(TITNIEFED 6 2EHTIRIETS
B(Fayf B BBREREEN. V725 —BHEILLbZoNTus4 7BOEEENLE, LHMRicEy
T, BREZELENTOIL FAILHKRTHE0%ETLTW:., ZoNTay4 7BOEILX, BrugadafEEHE
EBLBENEETCENEN o725 (21~24%), NTa¥4 7BEH THAIL, homozygous(BB), heterozygous
(AB) DIz, ZEIFHE 2T S AL TADhomozygous (AA) IZHART, LER EOBRGHIEETH 5 QRSH
& PREMAEEIEELTEYD, BrugadaEEHIHARAZRLDETZ27VTAICHENSWI LICHETLT

BAREE

BEMEZTRTHLOTHS.

@IIUHIC

BOEHRER A ERERIZ, OBA L v Fr R,
MREEE, HrVExEFHhrlra— VT 5EE
FLOERICEDBEEREEL /2L, BEEHAER
EFRIELTCUREREOERERY, [/ Fx
ANFHIHBVIFBEII[F AR vwbhbZ L
bHHY. £ FUF X RNHICR, BREQTERIE
BEE(LQTS), EH L L2 RRETHHBEELQTS,
BrugadafER#, &7 OBIZEXE (Lenegref®),
REMHHBEASERRN, REEEE 70y s, &
7393 VREREEHE R CEER, BARRELEE
LiE, RIEWOFEME), QTEMERR, L&
HIhasl,

SE1EF % R (polymorphism) D —2 Tdh 5 —ig I
%l (single nucleotide polymorphism ; SNP) %, =

2V, AV O VIR ETY ) ARV
DT A —HEBRTH L. &, HE~KF
TIREFIC—OREOHETRDOLR, e br /A
ETIIH300FEDOSNPAHFLET DL ENTn5,
ZON, 7 3I/BROE(ZEMES (non-synonymous)
SNPi324 i ~407iHTH Y, £ DSNPIIT7 I /B
DEAL%E DT (synonymous), BIEEFOBREEIZIZY
BLWY, R—T7as{ 770y 7 HNICH5EEE
BEAEIERICEBT AT I —E LB END
5. INLOBIEFLEIL, BRMLQTSR Brugada
SEBREE R & OB —#ZMEAERKE E (monogenic
arrhythmia syndrome) ® & K&z F EICHERZ <
BOLNEZ EH»D, BEiIEF (modifier) & L THH&
R ENE HORRERE REROBELRT )
DO FEHEATRB ST WS 2,

AFETIX, 414V F Y RANVKRICBITLBIZTFEE

EERSH LY 7 —LROENE", A &EFRESR?
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£ BRFEBIIBIZD7I/BOELT 2 —1EESLRI(SNP)

BIEF S RITBAL 7 VIVEE A i 31 Rk
KCNQ1 P448R 0.93/0.07 FEA BREE LR L 17
G643S 0917009 HAEA nd. ' 18
0.89/0.11 BEA Ixs 30% R 13
KCNH?2 K897T 0.98/0.02 BHEA n.d. 18
0.76/0.24 BA I 14
0.84/0.16 745V FA I W2V 16
SCN5A H558R 0.92/0.08 BAEA n.d. 18
0.80/0.20 KEA. nd. 19
? LQT3 TS12iZ X BANaF v R4 — BBORE & 9
? ? M1766L @ trafficking % %t & 8
P1090L 0.96/0.04 BAEA nd. 18
S1103Y 0.93/0.07 77U ARKEAN late Ini¥5h 12
KCNE1 G38S 0.81/0.19 BA&A n.d. 18
D85N 0.98/0.02 BAA nd. A 18
KCNE2 T8A 0.99/001 KEA nd. 20

DWE AT S & L HI2(R), BrugadafEBEHD
ANEZIIBIT2REFEROBEIIOVWTRAEDE
HEOORB BT 5.

@ BEFSEDOER

@ BHRT & L TOEEFSE(R)

Baroudi 5 1%, BrugadafEBRETHRNIHE
SN/2SCNSAD I ALV AERTHAHTI620M A5,
HMTENa" Fy 2Ly — ' BEOBEOREZE

W ODDOBREHURERERTIE, BHRE2 28
FERFBES»LRRRNTH, REHREORHAR
(phenotype) & % V(X BEFR /R RE (clinical expressivity)
NDEEEIIHE 4 THS. Thbb, &%, BEER
BEORBAMEZET LI LHE WA, BURREANT
BILEEFEREAEL TV AL T o REFR
x2S, Wb AEREREN LIELIEFEET
5 (RegiRE)Y. £ERBLQTSTIX, FEdtiRE
BEFSI0~20%BEFETILENTE), FES
DR OBEFZHOBRAITD, LQT2RIRLLQT3A
DR ERIIHBHEHH(B0~90%), & IZLQTI
B TIXBRERIME N (60~70%) Z ENBES M E 2o
Tw3Y, ThLDR—RRRNTOEEEDOENRLA
SEEIREITIE, ER, MR, XRMBEEERLZEOR
FRFICLBBMICMAT, BEFEROEENS
MEFE L CTHETATMRENFZEZONTV S,

~77, RIEBAEREBOREE 2 2850 75%E
ETFERZAD RV —HEBFEANCIBNTYH, #EF
SRS HEMTHRAERE (REROREA LT )12
MERT2EEEIBESR TN 5.

THEDATH AN, SCNSADBIZFERTH 5
RI22W L BB E B &, Na ' F ¥ F VEEAHIH
NRARTERIZEN DS, HMBBECBEIh W
traffickingREAFHET LI L 2HMELTVEY. K

FHiZ, H558RIZA A D#30% I8 5 SCN5AD |

EZTFZMTHHH, LQTIRERKLQTS D HH &
EFLELTHRESNTVELSCNFADI ALV AE
£ M1766L D trafficking® % 2%, H558RiZ &  IE
FATAHIENYebildhEEINTVEY, F1,
Viswanathan & iZ, [6] U { H538R%, 1 EE=Z 7
Oy 7 BETHEINIZSCNSADI ALy AER
T512IIC & A Na*"F v A V7 — P REBORFE » % &
TAHIEEFRELTWAEY, —F, BIEFLEOMBE
BRI, R2HPBETFOERLSZEOSHOBIZD
BIAHIENHEINTV S, Groenewegen b i,
LEEEDF S ¥ ARRIZBNT, SCNSADH
BOIREyZAERTHSHDI2T5NIT, LEHER
B 7%z ¥ v v 7#E 8B T 5 connexind0 (Cx40) &
EFDOREHESESH L AT 2REHBEE DR,
LEBLE*RBETLIIEEZHELTVEY., F/-,

F4 @ BERUBEMES 567
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LQT1
KCNQIZER
(A341V)
128%, S

LQT1 i

© KCNQ13E
(G643S) Vs ﬂ
15%, B4 L’

QTc=412ms

Vs

1

Ly FINWVEBAER
BRICHT HLATIBEDME
IEQT(QTc) BRI D RIS

LQTIROFEHEETFTH S
KCNQUIZER(A341V) 27
D512, BT, EEHA

R 5 QTcHEWHLER
(5613ms) # o (A), EEA
WEITIZQTcIE & HICE
IZEE L TwW5(597ms) (B).
KCNQI1Z% % (G643S) % 52
5155, BT, EBHA
MHOQTcIZ EHEHMNT
» 5 7%(412ms) (C), EBA

QTc=449ms B IZQTClIPEspE I IE

BELTw3 (449ms) (D).

Paulussen 5 i3, 32BIDEAFHMLQTSEE THE
RELQTSOEREET A 7Y —=r 7Lk
%5, 4BIZBVWTLQT?, LQT5ORREEZETTHS
KCNH2(1 #1), KCNEI1(2 #l) D%, BLULQT6
DEREETFTHAHKCNE2(1 Bl) DR 2B/ L
HBELTWAEY., Zo4fzVTRD, EHEEHO
KRB BRT B cytochrome p450DE B %2 &4F L T
BY, ZOZLFEHRHEEESETEHNFREEQT
EEORIEICHES LT L KRB LTV,

@ EETSEOETENRY (R)

BEFLZHPEMT, —BREFACBNTHHE
AERECHES T ATHEELRDCHEL-OE
Splawski 5 T# 5. SCN5ADERITH 5S1103Y 1
77U AFRKEACOARARD, BRENICEEED
late Na" B OB HERT I EAME STV S,
Splawski 51X, EHBFRBLQTSE2REEL-T 7Y
HHRKEA223B EXNBT 7)) A FRKEAL00H TS
DEREAS ) —= 7L, BRAFRELQTSEH
fiE L7 BB TESE (Odd 87)12S1103Y DA E F /2
BAFODLEEEFDI-Z L2 WME L, S1103Y 5%
HFHRULQTS ORI E MRS 2 Wbt & R
LTw5Y, Kubotabid, HAADII%IZBE VT,

LB% Vol.39 No.6(2007)
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LQT1 DB HEEF TH S KCONQI 24K G643S % 72
B, ¥EERERTIX, FAERICHRTEE (#30%) D
BIEERKEBEROEELOB RS (k) DRI % &
2 EERELTVWAEY, FEFLFAAENOS
Mk A 5 5L 72 G643S % 72 5 15519 3 #1(20%)
i, PIAEIRERLHERE FHR L TH2HRELQTSE L
THRIELTHY, Splawski bDHE & FERIC, G643S
PHBTEAFEM L EOBKELQTSDO) X7 &
DS AR R R LTWAY, $/2, G643SI13E
R, oBEOQTRMERIZ X D AERBLQTSER
BEhzBEIBWTLRESNSE. ThoDBEE
OEBI AR RBRIIH T 5 QTRE O RIEE, BAK
ZLQT1EIEE X D IBETH 245, BIEQT(QTC)
B OBE,SHEFOEE2ED (E1)Y, LQT1
RERMELQTSE LT, EHid 7 iz Torsade de
Pointes (TdP) # BIET AW MRS DH S, Th oD
S1103Y%G643Six, 77V W RKEANRT VT ALK
FRENERIICERD 5 NHERRNZETHY, =
NODERERRICAZ)—o vy 7 T5Z 824D,
BHAFRELQTS 2 RETABELETHUT % L,
BEDF—F—A—FEEOEMFPVIIEDHDE
Zzb6h5.



@ RS

Frequency*
N7as47A[T T T - G C | 755%
N7og47B[(C__C Gins  C T | 24%
nragqssc(c T T - C Cc ] 05%
3
Q [&]
e gggz 9 N
< o ¥ in a o
- Tea : Y
- - - ® (6] (&)
3w ¥ T
C FOE—%= W_nton i |
exon 1
(non-coding)
-2000op -1000 0 1000
L l { | I | |

X2 SCNSAGESEEHICE T 2HEABED 6 DEH
T3BREFEH(NTOZ21B)
HEAD24% T3, BrugadafEBREOERREZF TH
BSCNSAL DB (70E— 9 =) RIS, 6 DMsNT
ABIZFER(NTO 5L TIB)%2BDSH. NTuy 4
TARD o ELHBEDRZN(T55%)NTOFT LT, T
%4 7Cld, 60D b =27 HEENET2H
N (05%)NTa v 4 FThbE. (XWMITHSEH)

@ BrugadafEfRFDAEZICE T3 BEF SR

BrugadafE®H#IZ, Vi-:FELBEROSEN L
covedBIST bR L .LEMEN(VE) 2 E#E L. Hop,
LEANRELEDOLVWERTH S Y. Brugadaf
EHEBEDI8~30%TiE, Na'F+ A VHEFTH
5SCN5A LICERADPRES RS, Sk 5 138ES
RETHH) LAL0~50FRTHRT S ENBWN
&I, MEE L DITETT AN F Y A LEFIC
bEDKBEOHSBRENSBES T4 & ARER
BeINTWBHWE  F7- mautn RIEM REZER *
EBIEMNS, Bz 11 THEHEITTH L,
BRI AKTIE S 2 UL, 7YT7THIHTIZO 1
DEEEEMICERERETH AL I EIZI1Z, BErL
EVTHETAMNATUVYOES A REARESINT
W3 —%, BrugadafEBEEEIHA GO T Y
THIRICBWTHENSW EBmonhTsy), =
I, o2 AR L BEFERAES T
AUHEMA R 2 SR I T WY,

I, #EE 512, BrugadafEBEROEREEF T
HAESCNSALOBRBEBTIEI L CEE(Fux—
¥ =)IRIC, HERA(T ST N)ICEED 6 DMl
HREFLER(NTas4 7B 2R TIILHTH

-163-

CHO cells Cardiomyocytes
n=13. p=0.04 n=9, p=0.006
18-
| [

Fold activity

0-
NTARATA NTO14TB NTO%1TA NTO247B
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