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Establishment of treatment strategies for early-onset inherited arrhythmias
based on genotype-phenotype relationships
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Congenital long QT syndrome (LQTS) is considered to be implicated in the
development of sudden infant death syndrome (SIDS). Mutation sites of early-onset LQTS (type 2 and
3) were compared with those detected in SIDS victims. The locations were completely different
between the two groups for LQT2, and only four mutations overlapped each other for LQT3. These
dissociations might be due to difference in vulnerable age, small number of subjects of the study,
and that environmental or other factors are required for development of SIDS.

T waves in patients with LQTS were evaluated by independent component analysis (ICA) and principle
component analysis (PCA) of the data obtained by high-frequency ECG. The number of independent

component was 4 in control subjects while 5-7 in LQTS patients. PCA ratios were also significantly
higher in LQTS. ICA/ PCA might be useful for detection of heterogeneity of repolarization in LQTS.

QT



o

LQTS
Horigome, et al: Circ Arrhythm
Electrophysiol, 2010
torsade de pointes Tdp

LQTS 2 KCNH2 LQTS 3
SCN5A LQTS 8 CACNA1C
3 4
sudden infant death syndrome, SIDS

LQTS

(Arnestad, et al:
Circulation 2007 Crotti L, et al: JAMA

2013) LQTS 3 Tdp
SIDS
LQTS
@) LQtTs T
T
LQTS
QT
QT
T
LQTS
Andersen-Tawil ATS, LQTS7
U
CPVT

Horigome, Ishikawa, et

al: Circ Arrhythm Electrophysiol 2011;

: 2013;

Ishikawa, Horigome, et al: Int J Wavelets
Multiresolut Inf Process 2014

(€H) TdP
atrioventricular block,
AVB LQTS  SIDS
LQT2
KCNH2 LQT3 SCN5A

SIDS  molecular autopsy

(2) LQTS QT

T
T
LQTS
independent component
analysis, ICA principal
component analysis, PCA LQTS
(€H) LQTS  SIDS LQTS
LQTS2 LQTS3
LQTS
QTc AVB Tdr/
ventricular tachycardia, VT
SIDS molecular
autopsy LQTS2 LQTS3
SIDS
SIDS
LQTS SIDS
(2) ICA PCA LQrTs T
QT (LQTS)

AP1532 TEAC
11 TEAC Aul



3.0 1,024 Hz 10

1 2
3 4-9
12
C1-C6 cL 2
10 4c9 4
A/D (Elmec EC-2360)
C1-C6
V1-V6

Vi=Ci + (11+111)/3 izl 6

Horigome H, Ishikawa Y, et al: Circ
Arrhythm Electrophysiol 2011; 4: 456-464

ICA 1) TU
2)
radical ICA 3) ICA
PCA
1) TU
1 1
2 2) (PCA
ratio=PCA2/PCAl)
LQTS ICA IC
LQTS LQT1 3
4 PCA ratio
R
ANOVA  Bonferroni
post hoc test X
Fisher t
P<0.05
(¢)) LQTS  SIDS LQTS
LQTS
82
38 120
LQT2 35 (29% LQT3 39 (33%)
1 ECG (QTc AVB
TdP/ VT ) 2 LQT2 LQT3
QT
SIDS
molecular autopsy LQT2  LQT3
SIDS 50
LQTS SIDS LQT2
KCNH2

pore
SIDS N
c
LOT2
T613M 9 66285
4
LQT3  SCNSA LOTS
c
SIDS
LOT3
RI6230 11  SIDS
F2004L 3
T1304M,
R1623Q, VI951L, P200GA 4
1
1 LQTS
LQTS
n
(%)
10
o2 | 35 24 50
1
17
LoT3 | 39 17 30
5
2 LOTS  ECG
QTc
n (ns) TdP
585+ 81 | 26/35 | 24735
LQT2 135 | 4g0-840) | (74%) | (68.5%)
616+ 100 | 28/39 | 26/39
LT3 139 | as6-860) | (72%) | (67%)
) ICA PCA Lrs T
LOTS 43
LOT1  KCNQIL
Y22 LQT2 KONH2 ) 7
LQT3 SCNSA )14
29
e (s) 0.40 + 0.03 LQT1
0.51 + 0.05 LQT20.53 + 0.05 LQT30.49
£ 0.03
ICA 29 T 4

1Y)
Q11 5 6 5 14
6 8 Qr2 6 7 6 4 7

3 QT3 6 7 6 5 7
9 IC
LQTS 5 IC
1 IC
ICA

LQTL LQT3 IC




LQTL LQT2, 3 Ic

PCA PCA-ratio (%)
16.8+ 8.5 LQT1 3
LQT1 31.6+ 21.3 LQT2 41.3
+15.2 LQT3 34.2+ 21.5 ( 3

Bonferroni post-hoc test
LQT1 (p=0.015), LQT2 (p=0.0053),
LQT3 (p=0.0125)

o Giant U:IC5,1C4

LQTS LQT2
3 PCA-ratio
SD
0.168 0.085 0.383 0.035
LQT1 0.316 0.213 0.707 0.065
LQT2 0.413 0.152 0.675 0.224
LQT3 0.342 0.215 0.877 0.06
LQT7 0.251 0.126 0.512 0.097
(3) Andersen-Tawil ATS, LQTS7
T
ATS 6 U 2
IC 1
IC T u
IC LQT1
U T IC
EEM,—/\—A E EVP EJV\\ EEWJ/\—«
E;M AR s e i;% =
1 32 ATS1 12
U

[T comp Ea
IC2ICLIC6IC3 [— =

2 1
(10) 4 6
IC5, 1C4 U
T T
IC2, I1C1, 1C6, IC3
PCA-ratio  15.8%
@ IC PCA ratio PCA-ratio
IC
3

PCA-ratio ICs

without Andersen(typeT7)

4 5 [ 7
1 1 1 1 1 1 1
L]
L] 5 @
S o
pcaRatio H =
° 18
e ] l
] ]
i 9
8 :
- L= ) -me ® o -
i & orange normsl
® red typel
oo WA b R 4B B @ green type 2
® blue type3
. ICs

COR=0.5629282

3 PCA-ratio
(€H) LQTS  SIDS
SCN5A  LQT3
LQT3 173 R1623Q
SIDS
KCNH2 (LQT2)
LQT2 pore

SIDS




LQTS

SIDS

SIDS

1) critical developmental period,

2) extrinsic risk factors, 3) vulnerable
infant (genetic predisposition) 3

triple risk hypothesis

LQTS
SIDS
SIDS
(@ LTL 3 ICA PCA
T T 4
(16)
LQTL 3 Ic
5 Ic
Ic LQTS
LQTL
IC 5 6 LQT2,

3 6 7 IC

LTS T PCA

3
PCA ratio
LQT2 PCA ratio
LQT
PCA LQT2
ICA PCA IC
PCA ratio
3
LQTS
T PCA ratio
22
4898 2018
24-31

http://www. jmedj .co. jp/journal/pape
r/detail .php?id=9485

QT LQTS
LQTS
26 2018
64-69
http://www.j-circ.or.jp/form/kankou

butsu/kounyu. htm

Yoshinaga M, lwamoto M, Horigome H,
Sumitomo N, Ushinohama H, lzumida N,
Tauchi N, Yoneyama T, Abe K, Nagashima
M, Standard Values and
Characteristics of
Electrocardiographic Findings in
Children and Adolescents, Circulation
Journal, , vol. 82, 2018,
831-839
DOI:10.1253/circj.CJ-17-0735
Ishikawa T, Ohno S, Murakami T,
Yoshida K, Mishima H, Fukuoka T,
Kimoto H, Sakamoto R, Ohkusa T, Aiba
T, Nogami A, Sumitomo N, Shimizu W,
Yoshiura KI, Horigome H, Horie M,
Makita N, Sick sinus syndrome with
HCN4 mutations shows early onset and
frequent association with atrial
fibrillation and left ventricular
noncompaction, Heart Rhythm, ,
vol .14, 2017, 717-724

DO1:10.1016/j -hrthm.2017.01.020
Hirabayashi M, Yoshinaga M, Nomura Y,
Ushinohama H, Sato S, Tauchi N,
Horigome H, Takahashi H, Sumitomo N,
Shiraishi H, Nagashima M,
Environmental risk factors for sudden
infant death syndrome in Japan,
European Journal of Pediatrics,

, vol.175, 2016, 1921-1926
DOI1:10.1007/s00431-016-2786-7
Sumitomo N, Horigome H, Miura M, Ono
H, Ueda H, Takigiku K, Yoshimoto J,
Ohashi N, Suzuki T, Sagawa K,
Ushinohama H, Takahashi K, Miyazaki A,
Sakaguchi H, Iwamoto M, Takamuro M,
Tokunaga C, Nagano T; Heartful
Investigators, Study design for
control of HEART rate in inFant and
child tachyarrhythmia with heart
failure Using Landiolol (HEARTFUL): A
prospective, multicenter,
uncontrolled clinical trial, Journal
of Cardiology, , vol.70, 2017,
232-237
DO1:10.1016/j-jjcc.2016.12.002
Horigome H, Dilated Cardiomyopathy in
Children With Isolated Congenital
Complete Atrioventricular Block,
Circulation Journal, , vol .80,
2016, 1110-1112
DOI:10.1253/circj.CJ-16-0284
Ishizu T, Horigome H, Assessment and
treatment of systemic right
ventricular dyssynchrony,
Circulation Journal, , 2015,
vol .79, 519-521
DOI:10.1253/circj.CJ-15-0105



77
Horigome H, Neonatal Arrhythmias:
Beware the Channelopathy; Risks for
Sudden Cardiac Death, the 7th World
Congress of Pediatric Cardiology and
Cardiac Surgery WCPCCS , Barcelona,
Spain, 2017.7.17

9 (A
Genetic Background of Congenital
Long QT Syndrome Diagnosed in Infancy
and Comparison of Their Gene Mutations
with Those in SIDS 81
2017.3.18
Nozaki Y, Kato Y, Lin L, Uike K,
Yamamura K, Sekiguchi Y, Nogami A,
Ohno S, Horie M, Shimizu W, Aonuma K,
Horigome H, Six Patients with
Ryanodine Receptor type2 Mutation
Presenting with the Phenotype of both
Catecholaminergic Polymorphic
Ventricular Tachycardia and Left
Ventricular Noncompaction, 63

2016.7.15
Horigome H, Yoshiaki Kato, Lisheng Lin,
Takeshi  Inaba, Miho Takahashi,
Yoshihiro Nozaki, Akihiro Nakamura,
Ryo Sumazaki, In utero diagnosis and
treatment of long QT syndrome
-Literature review with a special
reference to the usefulness of MCG-,
Asian Symposium on
Magnetocardiography 2015, Daejeon,
Korea, 2015.11.03
Yoshinaga M, Horigome H, Ushinohama H,
Ohno S, QT intervals during sleeping
and around wake-up periods in
school-aged patients with long QT
syndrome and age-matched healthy
controls, 30

32

, , 2015.7.29

QT T LQTL
LQT3 51

2015.7.17

Nozaki Y, Kato Y, Lin L, Nakamura A,
Takahashi M, Sekiguchi Y, Nogami A,
Aonuma K, Horigome H, Refractory
tachyarrhythmias caused by ryanodine
receptor type 2 gene mutation in two
patients with left ventricular
noncompaction, Heart Rhythm 2015,

o

@

Boston, USA, 2015.05.13

118
2015.4.19

67
2015.04.11

Horigome, Hitoshi

50241823

HORIE, Minoru
90183938

LIN, Lisheng

KAMEDA, Yuri



