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Pronounced Shortening of QT Interval With Mexiletine
Infusion Test in Patients With Type 3 Congenital
Long QT Syndrome
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Background: Mexiletine is often used for medical therapy in LQT3 patients, howsver, the usefulness of mexiletine
infusion test for LQT3 patients has not been reported. The aim of this study was to evaluate the usefulness of
mexiletine infusion test for detecting LQT3 patients.

Methods and Results: We analyzed response in 12-lead electrocardiogram parameters measured in lor V5 toiv.
mexiletine infusion (2mg/kg) during sinus rhythm among 31 genotype-positive LQT patients (29418 years, 12 male).
Change in QTc interval after mexiletine was compared betwaen LQT3 (n=15, 24421 years, 9 male) and other LQT
patients (4 LQT1 and 12 LQT2; 34214 years, 8 male). Baseline R, QT, and QTc interval were not different between
the 2 groups (9811182 vs. 1,0231192ms; 550194 vs, 524175 ms; 656466 vs, 520462 ms, respectively). While QTc
interval was shortened with mexiletine in both groups (P<0.0001 vs. baseline), degree of QTc shortening (AQTc)
was significantly larger in LQT3 than in LQT1/LQT2 patients (98139 vs. 48232ms; P=0.0004}). The sensitivity,
specificity and predictive accuracy of mexiletine infusion test for differentiating LQT3 from LQT1/LQT2 were 86.7%,
81.3% and 81.3%, respectively, and the optimal cut-off for AQTc was 63ms on recelver operating characteristic
analysis. No pro-arrhythmiic event was observed.

Conclusions: Pronounced shottening of QT interval with mexiletine may facilitate genetic testing in patients with
LQT3 syndrome. (Circ J 2016; 80: 340-345)

Key Words: Diagnosis; Gene; Long QT syndrome; Mexileting; Ventricular arrhythmia

by prolongation of the QT interval, T wave abnor-
malities, and forsade de pointes (TdP), is a genetic
heart disorder that may cause sudden cardiac death. Congeni-
tal LQTS is ¢linically diagnosed by QT prolongation on stan-

C ongenital long QT syndrome (LQTS), characterized

dard 12-lead electrocardiogram (BCG), clinical history of

syncope or cardiac arrest, and a family history of LQTS .12
Molecular genetics is now available to identify LOTS forms
by mutations in genes encoding ion channels (RCNQI, KCNH2,
and SCN3A ete), and has enabled risk stratification and treat-
ment of LQTS patients according to genotype. In congenital

LQTS type 3 (LQT3), a gain-of-function muatation in SCNSA
encoding the « subunit of cardiac voltage-dependent sodium
channel may increase persistent (late) sodium current (late-Ing)
resulting in prolongation of action potential duration, leading
to life-threatening ventricular arrhythmia® Beta-blockers
have been proved to be the first choice of pharmacological

therapy in patients with congenital LQTS type 1 (LQT1) and

type 2 (LQT2),3 but it has been believed 1o be less effective
in LQT3 patients, who often experfence cardiac events at rest
or during sleep.* In contrast, the late-Ins inhibitor, mexiletine,
has been shown to be effective in shortening QT interval in
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vF)aborted cardiac arrest
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Data given as mean=SD or n (%). *P<0.05 vs. LQT3. LQT1-3, long QT syndrome types 1-3; QTc, corrected QT

interval; VF, ventricular fibrillation,
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LQT3 rather than in LQT1 or LQT2, both clinically and
experimentally.’- This indicates that mexiletine may be able
o differentiate LQT3 from other major forms of LQTS such
as LQTI and L.QT2. Therefore, the aim of this study was to
investigate the usefulness of intra-venous injection of mexi-
leting for differentiating LQT3 from LQT1/LQT2.

Methods

Study Design and Subjects

The subjects consisted of genotype-positive LQT patients,
including 4 with LQTI, 12 with LQT2, and 15 with LQT3, All
the patients were informed about congenital LQTS and the
importance of diagnosis, including drug infusion test, and
mutual agreement was obtained regarding this study. Clinical
characteristics are listed in Table 1. After baseline 12-lead
ECG recording was completed, 2 mg/kg mexiletine was infused
for 10 min during sinus rhythm. The 12-lead ECG was con-
tinuously monitored and recorded during infusion and for
Smin after infusion.

We analyzed change in 12-lead BCG parameters after mex-
iletine infusion in all patients, and compared them between
LQT3 and other LQTS patients (LQT1 and LQT2), given that
ECG response to mexiletine was similar between the LQT!
and LQT2 patients. Alt LQTS patients had neither oral
S-blockers nor anti-arrhythmic agents at mexiletine infusion
test.

Measuremeni of 12-Lead ECG

Measurement of the obtained 12-lead ECG parameters was
manually performed (25 mm/s, 10mnvmV), QT was defined
as the interval between onset of QRS morphology and the
point at which an isoclectic line intersected a tangential line
drawn at the point of minimum dV/dt of a positive T wave or
al the point of maximum dV/dt of a negative T wave. Second-
ary T wave or bifurcated T wave was included in the QT
interval except when the second wave (positive U wave) was
clearly separated from the T wave, QT interval was measured
at 10-ms increments in the V3 lead by 2 electrophysiologists
(MLF. and W.S.), and inter-observer variability was 3.243.1ms.
I it was difficult to define QT interval in the V3 lead, then the
V4 and limb lead I were used for measuring QT interval ¥
Corrected QT (QTc) interval was used 1o correct the effects of
heart rate. Bazett's formula was applied as follows:

QTe=QT interval/RR2,
where RR is the interval between 2 continuous R waves.
Genetic Analysis

The protocol for genetic analysis was approved by the Institu-
tional Ethics Committee and carried out according to the

Clrcufation Jousnat

guidelines (M24-031-4). All patients provided informed con-
sent before genetic analysis, Genomic DNA was isolated
from whole blood using a DNA analyzer (QTAGEN GmbH,
Hilden, Germany).*® Genetic screening for KCNQI, KCNH2,
and SCNSA was carried out using the direct seguencing
method (ABI 3730 DNA Analyzer, Life Technologies, Carlsbad,
CA, USA). cDNA sequence numbering was based on the
GenBank reference sequence NM_000218, NM_000238 and
AY038064 for KCNQI, KCNH2, and SCN3A, respectively.

Statistical Analysis

All data are expressed as meanSD. In order to compare the
ECG parameters before and after mexiletine infusion test,
repeated-measure 2-way ANOVA was used (JMP ver. 8.0,
SAS Institute). Differences in frequencies were analyzed
with the chi-squared test, and 2-sided P<0.05 was considered
statistically significant. Receiver operating characteristic (ROC)
analysis was used for non-parametric data distribution;
correlation between baseling QTc interval and AQTc was
analyzed using Pearson’s product moment correlation
coefficient.

Results

Baseline RR interval, QT interval and QTc¢ interval were not
different between the LQT3 and the LQT1/ LQT2 patients
{Table 2). All of the patients with LQT1/LQT2 had a history
of syncope and all of the LQT1 patients were VF survivors
{Table 1). Two out of 4 LQT1 patients had mutation of A341V,
reported as severe phenotype.’® On the other hand, LQT3
patients except for those with the specific mutations of SCN3A
(E1784K, Y1795C) were symptomatic (Table 3).

* Change in ECG Parameters With Mexiletine Infusion Test

Figure 1 shows the change in QTc interval in V5 after mexi-
letine infusion in LQTI1, LQT2 and LQT3 patients, demon-
strating that mexiletine shortened QTe interval more in LQT3
compared with LQT1 and LQT2. As shown in Table 2, intra-
venous mexiletine significantly shortened the RR interval in
hoth LQT3 and LQTI/LQT2 patients, however, the change in
RR interval {ARR) was not different between the 2 groups.
Although mexiletine significantly shortened the QT and QTc
intervals in both groups (P<0.0001), the change in both QT
(AQT) and QTc (AQTc) interval was significantly larger in the
LQT3 than in LQTI/LQT2 patients (116250 ms vs. 66232 ms;
P=0.0021, and 9939 ms vs. 48::32 ms; P=0.0004, respectively;
Table 2; Figure 2A). No significant difference was observed
in the ARR, AQT and AQTc intervals between the LQT1 and
LQT2 patients (data nol shown). The sensitivity, specificity
and predictive accuracy of AQTc for differentiating LQT3
from LQTI/LQT2 with mexiletine were 86.7%, 81.3%, and
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LQTS (n=15)

LATIALQTZ (n=16}

Baseline

- ARR (ms)
QT interval {ms)
AQT (ms)

Mexiletine

Base!ing )
-4 92 -
(66455}

504475 458250%

(66432)

Data given as mean= 8D *P<0.05 tvs. baseline; tvs. LQT1/LQT2. ECG, electrocardiography. Other abbreviations as
in Table 1.

E1784K Asymptomatic
784 \symptom,
E1784K Asymptomatic

£1784K

Asymptomatic
Sy 4 0.
Symptomatic 1,000 480

R A N

P1509-
11510 ins

14 Q507 Symotomatic 1,260 740
P1509 del
QKP

1

15t

Y

81.3% respectively, when the best AQTc cut-off of 69ms
(caleulated using ROC analysis) was used {Figuore 2B).

Mutation Site-Specific Difference in QTc Shortening

Ten different mutations in the SCN3A gene were confirmed in
the 15 LQT3 patients (Figure 3), in whom 6 asymptomatic
patients had E1784K mutation (Table 3), The location of
SCNSA mutations and the change in ECG parameters includ-
ing AQTc with mexiletine infusion are shown in Figure 34,
Table 3. The extent of Tc shortening in response fo mexi-
Tetine varied with location of SCN5A mutation. Therefore, we-
classified the SCNSA mutations as sensitive or insensitive fo
mexiletine infusion according to QTe interval after mexileting
(«<500ms or 2500ms), respectively t Three mutations, A1186T,
R1623Q and 11771M, were defined as insensitive to mexi-
Tetine, whereas the remaining 7 mutations were sensitive. In
patients with mexiletine-sensitive mutation, AQTe was sig-
nificantly correlated with baseline QTe (r2=0.79, P=0.0074,
Fignre 3B). In contrast, patients with mexiletine-insensitive
mutation had smaller AQTe even in the longer baseline QTe

Patient SCNSA  Proband/  Symptom - aTe  A0Te %3;]2!
IDno. mutation  Family status (ms) {ms) (ms) | seline

1480 1080020
404 86 018
46 89 014
427 11z 02
U400 100020
383 157 029
0 . 458 . 78 005
480 1,000 440 14D 440 4 008

Te3 07
0.16

R AT
0.27
047 -

659 1,140 520 50 487 172 026

CgB4 400 006

Patients 2,3, ang 4-6, were in the sama family group, respectively. *Insensitive fo mexiletine. Abbreviations as in Tables 1.2,

interval, thus baseline AQTc/QTc tended to be larger in
patients with mexiletine-sensitive mutations compared with
those with mexiletine-insensitive mutations (0.19+0.06 vs.
0.1140.05, P=0.055).

Oral Mexiletine After Mexiletine Infusion Test

In the present study, 2 patients (patients 7 and 12; Table 3) ot
of 15 with LQT3 were treated with oral mexiletine after mex-
iletine infusion test, and BCG data after oral mexiletine were
compared to those before mexiletine infusion test, Patient 7
was treated with 450 mg per day oral mexiletine. The RR, QT,
and QTc interval were changed from 940ms, 320ms, and
536ms to 1,000ms, 460 ms, and 460 ms, respectively, Blood
concentration of mexiletine was 0.60ug/mg at 1 month after
initiation of oral mexiletine. Patient 12 was treated with
300 myg oral mexiletine and the RR, QT, and QT¢ interval were
changed from 1,080ms, 590ms, and 568 ms to 1,160ms, 560ms,
and 5201ms, respectively. Blood concentration of mexiletine
was not available in patient 12. QT and QT¢ interval were
shortened by oral mexiletine therapy in both patients.
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LQT1 LQT2 LQT3
{A341V) {G187-A190del) {E1784K}
33 yo. fomale 16 y.0. male 10 y.o. female

Baseline

After
Mexiletine

| Qe = 39ms |

Figure1. Representative electrocardiograms (lead V5) of the patients with long QT syndreme type 1 (LQT1), LAOTZ and LOT3
syndrome before (baseling) and after mexiletine infusion test. Although corrected QT (QTe) interval was sharened after mexiletine
i all patients, the change in GTc (ALTc) was mere pronounced (157 ms) in the LQTS patient compared with the LQT1 (46ms})

| QTe = 157ms]

and LQT2 patients (39 ms}:
A B ROCanve AUC=08300
1.0 ;
1504 494
0.8
671
ey ; e
g 100 ¢ ‘g 0.6
044
X:} 5
03
50 02+
0.1
v 0102 03 04 05 06 0.7 0.8 09 10

LOTULQT
4832 ms

LQT3
99139 ms

ihe gurve.

Figwe 2. (A)Change incorrected QT (QTe) Interval afler mexiletine infusion test in long QT syndrome type 1 LQTHAQTZ and

LT patients. (B) Receiver aperating characteristic {ROC) analysis for differentiating LQT3 from LOT1/LAT2. AUC, area under

1-specificity

Complications of Mexiletine Infusion

There were nio pro-arthythmic complications including TdP,
ventricular tachyarrhythmias, or premature ventricular con-
tractions related to mexiletine infusion test.

Biscussion

Main Findings
The main findings of the present study are that (1) mexiletine
shortened QTe interval in the LQT3 patients more than in the

LQT1, LQT?2 patients, suggesting that mexiletine infusion test
is a usefal tool to distingnish LQT3 from LQT1 or LOT2; and
(2) the difference in QTe shortening between mutation sites in
response to mexiletine infusion was observed in LQT3
patients.

Usefulness of Mexiletine Infusion Test for LOT3

Clinical diagnosis of LQTS has been based on evaluation of
the specific clinical setting with regard to history of syncope
with sympathetic stimulation, cardiac events, and symptomatic
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Figure 3. (A} Topology of the a-subiinit of the Nav1.5 cardiac sodium channel and localization of the 10 long QT syndrome type
3 (LQT3) mutations in the present patients. Underline, mexiletine-insensitive mutations. {B) Relationship between baseline cor-
rected QT (OTc) interval and change in QTc interval (AQ Ty with mexiletine. (@) Mexiletine-sensitive mutations; () mexiletine-
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or asymptomatic history of family members. Normal range of
QT interval on 12-lead ECG varies between the sexes and
hetween children and adults.® ECG diagnostic criteria involve
QT interval, T-wave morphology and QT dispersion, 2 but
concealed or low-penetrance LQTS is difficult 1o detect on
12-lead ECG at rest.? Exercise stress testing such as treadmill
testing or bicyele testing has been used for unmasking con-
cealed or low-penetrance LQTS. Shimizu et'al noted differen-
tiaf response in QTe interval on 12-lead ECG (o cpinephrine
infusion test between LQTI1, LQT2, and LQT3 patients.®
Althongh both exercise and catecholamine challenge test were
useful tools to predict LQT1 and LQT2 syndrome before
genetic testing, the identification of LQT3 syndrome remained
difficult. Genetic testing to identify specific mutations in
LQTS is now commercially available for clinical use, but
there are some difficulties with regard to cost and time to
diagnosis. The combination of exercise, epinephrine infusion
test and mexiletine infusion test may facilitate effective clini-
cal diagnosis of LQTS. Tn the present study, we focused on the
usefulness of mexileting infusion test to differentiate LQT3
from LOTI or LQT2, which has been previously reported by

Schwartz et al clinically,! and by Shimizu ef al and Priori et

al experimentally.}*#* Schwartz et al first reported that Ine
channel block with mexiletine shortened QT interval more in
LT3 than in LQT2 patients.”! Shimizu et al and Priori et al
demonstrated differential response in action potential duration
or QT interval to mexiletine between experimental LQT2 and
LOT3 models, 2 Furthermore, the QTc¢ shortening with mex-
iletine infusion might be poor in the specific SCNSA muta-
tions, as reported.? The present study first demonstrated the
usefulness of mexileting infusion test to distinguish LQT3
from LQT1 or LQT2 quantitatively. The correct diagnosis of
LQT3 is impottant because some LQOT3 patients are at high
risk of sudden cardiac death and need implantation of cardio-
verter defibrillator. Mexiletine has fewer side-effects, such as

TdP, sinus bradycardia or atrioventricular block compared
with B-blockers. In the present study, 6 of 15 LQT3 patients
had bradycardia and 1 patient had 2:1 atrioventricular block.
Reta-blockers can worsen bradycardia or atrioveniricular block.
RR interval was slightly but significantly decreased after mex-
iletine infusion in the present LQTS patients, probably due to
reactive response to slight decrease of blood pressure. There~
fore, the lower number of side-effects with mexiletine infusion
test is another advantage of this test, to facilitate genelic test-
ing in LQT3 syndrome.

Mutation Site-Specific Differences in QT Shortening

Mexiletine shortens QTc interval in LQT3 rather than in
LQT1 or LQT2 because of its suppression of late-Ins, which
may depend on the gating state of the sodium channel and the
binding of Tocal anesthetics. A previous study noted that some
LQT3 patients wete sensitive to mexiletine but the others were
fefractory to mexiletine. Therefore, in this study, the 7 muta-
tions E1784K, A1746T, 1509-1510insQKP, Y1795C, V411M,
F1617/is/400, and 1507-1509delQKP were defined as mexi-
letine sensitive and the temaining 3 mutations, 11771M, R1623Q
and A1186T, as mexiletine insensitive according to QTc¢ inter-
val after mexileting infusion test (<500ms or 2500ms)."”
Although the extent of QTc shortening (AQTc) with mexi-
letine varied in the present LQT3 patients, AQTc was strongly
correlated with baseline QTc interval in patients with the
mexiletine-sensitive mutation (Figure 3B). Thus, prolonged
QT interval due to increased fate-Ins can be normalized with
mexiletine in these patients. In an in vitro study, Roan et al
suggested that mutations sensitive o mexiletine showed 2a
negative shift in the steady-state inactivation curve and greater
use of dependent block by mexiletine.)” Makita et al reported
that the E1784K mutant channel produced a negative shift
in steady-state inactivation and enhanced slow inactivation,
which may increase late-Ine®® In contrast, steady-state
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inactivation was not altered in the mexiletine-insensitive
mutants, 1177 1M and R16230Q.2 On the other hand, mexi-
letine is known to bind to the sodium channel during the
inactivated state?® These findings suggest that the negative
shift in V1/2 of steady-state inactivation in E1784K and other
mexiletine-seusitive mutant channels may be attributable to
the greater shortening of QT interval in response to mexiletine
infusion® Thus, such functional heterageneity of Na channels
may account for the heterogeneous response of QT interval to
mexiletine therapy in LQT3 patients.

Study Limitations

First, this study intluded a small number of patients with
genatype-positive LQTS and therefore a selection bias may
have been present. This study was also a cross-sectional study
by a single center. Second, the reproducibility of the response
of BCG parameters to mexiletine infusion was nol evaluated.
Third, the usefulness of mexiletine infusion was evaluated in
this study, therefore, the chronic effect of oral mexiletine
therapy on QT interval remains unknown.

Conclusions

Mexiletine infusion test with a AQTc cut-off of 69ms was a
safe and useful method to facilitate the genetic testing of
LQT3 patients.
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Risk Factors for Intrauterine Death in Fetuses with Congenital Complete
Atrioventricular Block and Positive Maternal Anti-SS-A Antibodies

Takanori Suzuki, Taiyu Hayashi", Hiroshi OnoV, Yasuki Maeno?, Hitoshi Horigome?, and
Atsuko Murashima¥
U Division of Cardiology, National Center for Child Health and Development, Tokyo, Japan
2 Maternal and Perinatal Medical Center, Kurume University School of Medicine, Fukuoka, Japan

3 Department of Child Health, Faculty of Medicine, University of Tsukuba, Ibaraki, Japan
) Division of Maternal Medicine, National Center for Child Health and Development, Tokyo, Japan

Background: There are few reports that focus specifically on the prognostic factors for fetal cases of congenital
complete atrioventricular block (CCAVB) with positive maternal anti-SS-A antibodies, and the impact of ma-
ternal symptoms and anti-SS-A antibody levels on fetal prognosis remains unclear. The aim of this study was
to elucidate the risk factors for intrauterine fetal death (IUFD) in fetuses with CCAVB and positive maternal
anti-SS- A antibodies.

Method: We retrospectively analyzed 47 fetal cases of CCAVB born to mothers with positive anti-SS-A anti-
bodies at 66 hospitals in Japan from 1996 to 2010. Clinical characteristics and measurements between the IUFD
group (n=7) and the live-birth group (n=40) were compared.

Results: Cases of fetal heart rate <55 beats/minute at diagnosis of CCAVB (57% vs 17%, p<0.05) and devel-
opment of hydrops fetalis during follow up (71% vs 20%, p<0.05) were more in the IUFD group than the live-
birth group. Advanced maternal age was also associated with IUFD. Multivariate analysis showed that hydrops
fetalis and advanced maternal age were independent risk factors for ITUFD. There were no significant differ-
ences between the groups in the frequency of mothers with symptoms of connective tissue diseases, maternal
anti-SS-A antibody levels, and the rate of transplacental administration of steroids.

Conclusion: Hydrops fetalis and advanced maternal age are independent risk factors for IUFD. Fetuses with
CCAVB and positive maternal SS-A antibodies should be closely followed up for hydrops fetalis so that they can
be delivered in a timely fashion.

Keywords: anti-SS-A antibody, complete atrioventricular block, intrauterine fetal death, hydrops fetalis
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BR 1 SS-A VA IEEIRICBRE U el RAERKREFEE 70y & (CCAVB) DFERHEEETFICD
WTOBRGRIELA L% L, BEOBEBERCEHESL SS-A Uikl £ CCAVB DHRROF%OBEIC
DWTHEREF DI, AAFEOEMNIE, RHET SS-A FilAHTED CCAVB OBRIRIC BT 5 FHEMER

JEC (IUFD) DREBETFEHOLMCTE L THB.

Bt 2E 66 MERR T 1996~2010 £ I i ) X N 7= BHA I SS-A itk B4 D CCAVB s 'R 47 # %,
IUFD 8 (7 ) & live-birth Bf (40 H) W24V, ERT— X0 EA B A RN E L7

¥R [ IUFD BE T3, live-birth B EbX, ZMREOBIROIED 55 [H, DR ThH - I2iERIH & <
(57% vs 17%, p<<0.05), #EEAICHRRKIERFRDZHELEL (71% vs 20%, p<0.05), &SI FBHE
E@mHEN o, SEEBENTIE, BRRKE L BEEERL IUFD O L-BEREFtH -1 @
B TRMRBEROATEIRE, BAH SS-AFiRE, BXURATOL FORRBHRERICAER TR

Motz

58 | BHAHL SS-A HUARBIED CCAVB ORIR T, FRYE/KIE & BiFE4E#D IUFD ORIREFTHD,
NEFRKEEIS DUV TR CRORIRE L, WY BRI E MG T 2 2B H 5.

3Ll

PLSS-A Hilkid, Sjogren SEMREBE DR 70%, 2
BMENL—-T22) 77 b —F RBEDOH 50% TR E
NBHTHETH D P, HSS-A FIKGHERD 1~
2% TRRIBICSERMEREE T 0y 7 (congenital com-
plete atrioventricular block; CCAVB) ML % »¥,
CCAVB DHERTZEHI T, FENARIEIEL (intra-
uterine fetal death; IUFD) & BT/, -4
BEBEE TR—ARA—hBEPETLRE, BRR
HADOMEBEREENNERERTHS.

CCAVB OFHABERFICDWTIR I F I E i
549 DB B, HSS-A FIkRBMIEIRICIEE Lk
I CCAVB OFHHMERFIC DOV TOWEIHIE LAY
T, e, BEORBERERCEET SS-A Fiklh
& CCAVB OHREOFHOBEIC DN T & M Dk
[N

B ®

BHAHL SS-A Fitk G D CCAVB DRRIRIC BT 3
IUFD OfEREFRELMCTHT &,

NREFE

MECHEBE L DR EIEEH OER R UHE
RV —TADOFAEY R 7 OBRHICE T 5% B
HEiC & b ER S N7 SS-A FUARS T ARG O 77— &
N—AEA, BRREFRED CCAVB DFRRTEEF
ICDWTHRARBBET 21T > /2.

A T, BEUBREERREYL Y Z—DOREE
BETEARBEIAT, 2EHRERRLL,

HAMRERBIEME 2% §15

1996 £ 5 2010 FEIC DK & % - 7231 SS-A HiiARE M
HHRGIOT 7 — bRBERTo 2. AEIT726l0
1 SS-A FAGHITRABREN, 2035 504l
FRRRIREZZD . 5B 203 NEEE 0y /T
Hh, BN EEFERTay I THol 161
DRFEERT—ZBPRIBL TV DI L, Bk
SS-A FikRBMDREER T 1wy 7 DRI 47 fl2 #EiR
OHE Uiz (Fig. ). EfHEREPHBERDEEMT
EOBEBOTRICHIREEET Oy JEEERTY
btz

T — FRETIRELEZELEBRUTOED T
$%. BRICELTE, Z2EE/nyrLilizh
TR OTERRIER, PR ORI, $Bak
DOHRIF/KIEDE S, TUFD Of7#E, HERNEL, W4
RifhE, CCAVB ZEiEL/-FAlIOEE, ROMZ
AE L. BERAREBICERNRICXLZHE TS
b, HEBOHERDBBIZDONWTIX, RF—E~—
ARFHEIN TR, BHRICBIL TR, HiEReE
5, PUSS-A FuARRM L FIB U 2B GEiRAT D ITER
%), BERCHEELZERER (FS474, F
SARTR, KB, %W, LA /—RR, HHA, BEH
fh, BRRER, MEWER, MEERR ST,
miefE) OB, BEROBEIE (Sjogren SEIREE S
Likegtr) F< b —FR), EESIBLCHRIE

BRI SRR L. RHANT SS-A HUEMHIc DL

TR, MR 15 ECRGEVEHICEE N, —F
RIEHRGEIE X 27 U RERFE S REREE
(enzyme-linked immunosorbent assay; ELISA) {%iC
LRBEDOLARRSDI. iz, FSS-AFKDOYT
KA TD—DTH B Ro52 FiOHERT> T3S
FEFlE DN, ZOREBETHE L.
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Pregnancy with

positive maternal anti-SS-A antibodics ]

n=732

Fetal bradycardia
n=50

il

)

Second degree atrioventricular blockJ
n=2

n=48

[ Congenital complete atrioventricular block ‘}

‘__{

Unavailable neonatal data ]

‘ Included in the present study

n=47

)

Fig. 1

$iE 45 % TUFD 8 & live-birth BEic 043, BiRF—
%, SHEREEOLEETo . 741, ZOKHE
KISCT, #E(%), FHECZEEEE, hRE (B
IME-BAME) THRU. BRMOENL, 285
X Fisher D FHEMRREEZ, #EHEZ I Mann-
Whitney U BEZ AW TITo 7. &5iZ, TUFD OfF
P72 RS 7edic, HEBEN T p @5 0.1 K
THoHBERPEER L T2EEBSHET > 2.
pIEM 0.05 RIGEMFTFMICHEE Uie. HiteEm
fEATIZ, 7V —Y 7 b Rversion 2.13.0 ZFB\ 2.

® R

fRAT IR & 72 o 7o BHETT SS-A HiikRg 1 D CCAVB
47 JEBIOD 5> B, TUFD &3 7 B, live-birth #13 40 {51
THote. Table 1cHBEDORB L URAEDERT—
%% 9. IUFD # T 7ERR 30 (19~37) T IUFD
EHL Tz live-birth B T, #8537 25~40)
BEoHEL, HEKREIR 22206kg THo T

REBBET/ Oy 7 LB ENREADOERBE
&, TUED 8 A 21 (18~26) 3B, live-birth # %23
(18~34) HT, MIAZNEEREI Lok (p=
0.059). W DREIROAEBUL, TUFD B8 51 (42
~80) [E,47, live-birth BEAY60 (48~137) |nl./ %3
THhoiz (p=0.089). ARELDIEA 55 B4R T
& o TEGIE, TUFD B 7400 445 (57%), live-
birth BRI T — X D RESE T & 7z 30 i 5 61

Flow chart depicting the selection of fetal cases included in the present study

(17%) TH b, IUFD BEEDOFHERRLIAEA 55 @,
DRBTHAHEESEEILSH -7 (p<0.05). ¥
I BRRKIEZ Sk U= fEGIE, TUFD BEAS 71%, live-
birth B£AY 20% TdH b, TUFD BED A ReR/KIE% %
LA ERICE -7 (p<0.05). WET, RO
WA EERE R oM. Fiz, CCAVB BRI L
ERE 2 RGN 3 EB B - 7248, 2605 live-birth
HTh-olz.

SO RMAERIE, TUFD BT 32 (30~36) 1,
live-birth £ T 28.5 (22~37) ®TH b, IUFD & D
HHBERICERDE - (p<0.05). EHROEER
SEIRIZ TUFD BEOD 71%, live-birth #D 48% TRH 5
1, Sjogren FEMEEEE L R EBHN—~T ALY 5=
F—FREBEEN TV, HERATICEAI SS-A H1
ABHEUTH B LHBIL TV DIE g 47 Fild 17 51
KT ET, METERERR, o7 B3 306,
HIREICRATISS-A TUABH TH 2 Ll
b, 20355 14Fix, BRIRH CCAVB BFRIE L/
DR THLSS-A FRGE & B L IERITHh - 7e.

BEANDXFoq FESEMTOITWED,
IUFD £ T 43%, live-birth BT 53%THH, FD 3
B CCAVB NOMBEBBE LTI vt AT oA
F (betamethasone & U < & dexamethasone) @
D SRR TR TV Dk, TUFD #T
29%, live-birth Bf T 45% ThHol. WIFNLHET
AREERD T T2

TBEC B B B SS-A HiA DO ilids & UIERE,
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Table 1 Comparison of patient characteristics between the groups

UFD {V=T7) Live-birth {¥=40) P
Gestational age at diagnosis (weeks) 21 {18-26} 23{18-34) 0.059
Fetal heart fate at diagnosis {beats/min)* 51 {42-80} 60{48-137) 0.089
Fetal heart rate at diagnosis <55 beats/min® 4 {57%} 5{17%) <0.05
Hydrops fetalis 5 {71%) 8{20%) <0.05
Gestational age at birth (weeks) — 37 (25-40)
Gestational age at IUFD (weeks) 30 (19-37) —_
Body weight at birth {kg} —_ 2.2+0.6
Boys 3{43%) 11 {37%) 0.41
Older siblings with CCAVB 0 3(8%) 1
Maternal age at delivery {years) 32 (30-386) 28.5 (22-37) <006
Maternal symptoms of collagen diseases 5{71%) 19 (48%) 0.418
Maternal diagnosis of Sjbgren’s syndrome 4 {57%) 14 (35%) 0.403
Maternal diagnosis of systemic lupus erythematosus 1{14%) 5{13%) 1
Maternal diagnosis of positive anti-SS-A antibody before conception 3 {43%) 14 {35%) 0.692
Transplacental administration of all steroids 3 {43%) 21 {63%} 0701
Transplacental administration of fluorinated steroids 2 {29%) 18 (45%) 0.682
Transplacental administration of beta agonists 1{14%) 8{28%;} ; 1

*Data available in 37 cases {7 cases from the JUFD group, 30 cases from the live-birth group). CCAVB=congenital complete

atrioventricular block, IUFD = intrauterine fetal death.

&y 8) ©)
jter) imL;
“’f‘?’_;, e p =064 . w 3 P24 50“{"“9
250 * pen P ~ ¢ - .
" 10000 | “ & 200
g § 28 . .§-$
& 00 SE | M g :
- B i . £ . -
<8 64(32-256) 64(4-256) S8 150 S
B % n=35 n=20 & S 1000 . a
g g 150 @ : ;4
= € 3 : . » ‘E *
8 E Ll R | & '€ 100 . #
g E B : * 5g
% g 100 % = . . % E: »
22 SE 10 . = »
e oxn aw——e H 50 =
50 ¢ : .
. o {S00(101-13300) 139 (83-8660) 163.4 (85.2-212.1) 117.1(37.6-170.3)
E * % n=3 n=30 | n=3 n=1}
'R o £ 10 : - o -
IUFD Live-birth UFD Live-birth UFD Live-birth
Fig. 2 Scatter plots of maternal antibody levels

{A) Maternal anti-8S-A antibody titer measured by double immunediffusion assay. (B} Maternal anti-SS-A antibody con-
centration measured by enzyme-linked immunosorbent assay. {C) Maternal anti-Ro52 antibody concentration measured
by enzyme-linked immunosorbent assay. lUFD=intrauterine fetal death.

BHAH] 52-kD Fik DB DS % Fig. 2 KR L 7.

JHEC DV T, TUFD ##4%64 (32~256) ff, live-
birth Bibd 64 (4~256) 5T, EREIEDEI %
(p=0.643). BWEIC DV T, IUFD B4 500U/mL
(101~13,300U/mL), live-birth 3 AV 139U/mL (83~
8,660U/mL) Thb, METHERERD Mo/
(p=0.524). BEFS2-kDFIEDOBESMEEINT
WO 145 QUFD #E3 41, live-birth B 114) T,

IUFD #i3 1634U/mL (85.2~212.1U/mL), live-birth

BFxMRERSETRME E32%8 F18

X 1171U0/mL (37.6~1773U/mL) ThHOEEE
RS- (p=0.291).

Table 2 i IUFD OERKETFOLEBBABELR
Uz, fERRE, HRROHEE, MRIKEOHE, Bk
EREHAZR L LCEERSHET - R, RA
IKEBOFER K CREKERD IUFD 0T L s
KFTthH-ote.

— 385 —




23

Table 2 Predictors of IUFD from multivariate analysis

Variables Coefficient Standard error P
Gestational age at diagnosis —_ — —
Fetal heart rate at diagnosis — — —
Hydrops fetalis 0.282 0.107 0.0113
Maternal age at delivery 0.025 0.012 0.0431

CCAVB=congenital complete atrioventricular block, IUFD=intrauterine fetal death.

z B

AHETELNTCMER, (DRREKE L BRER
Y, BHAHL SS-A FiKESH D CCAVB OBRIRICBT %
IUED DM L BREFTH B &, Q) BHEEE
FROFEIR, BHAHL SS-A Filkfll, BLXUZDYTRA
TD—DTHBH Ro52 Fifkfliid, CCAVB DRERD
Fip L DTNk, TH5.

EHEHT $S-A HLEBED CCAVB DR DTk
T UIHER, IUFD k- 7-lRR TR, EECEST
FAVLIT b, $BRAICRBIRKIT 2 S U T iEFIA T I
Zholz. BHIRORBOREG, SE2ENEERER
TWVEDDIUFD BO A EWERICH O, FRIELD
A 55 @,/ 5k T &H - TIEFIE IUFD BEO A H
BEEh oz, BHOBERIE IUFD BEOHAHE
WHAERSH - 2D, BEEEREh o, Fe, IUFD
BT live-birth BRICEER, BAEBRIPEEICED -
fe. ERREEL FRIROIEE, PRRUKEBOEE, SiHh4E
R PIARE Y L SEBRN T, BRIRUKE L B&
SEEBH IUFD O LIZfEREF TH - 7e.

CCAVB &, EflfHEICRESTNBEM ORI
5T ERHY, TOBEINAKER K.
$5F, FHROBVLSY, EHLFHEEEL LV
CCAVB DERDFHABRFICDONTIE, ThET
CLZOREDEZENTWS, MELZVWL ITED
FTEEETO Y VDR 175 Bl & E UMD
BHEREER RN TE, BWEOERERN
20 K, RRIDLIEE S0 B DMUT, RIRKE K
EHEREZED 4 DN, BRECOBREFTHBZ L
LT3 *. CCAVB DR 61 FlE ity Liz, 4
B 2 2EFE T, FREPE L UL RO
TOERETLELUTERTH > 72 DRKRIRKED
HTHot . & SICRROEE L RITKECIZEE
TR T2 LTWA. SHORKRENE, BHEH
SS-A FiRBHOMILEFHORZ ERHR L LI D TH
DA, HERO|ME L EREIC, FREKES IUFD OfF
BRFTH- .

BHAHL SS-A FLiAFREHE D CCAVB %55k & Lo AR

TR, BEEBIEN L IURD OERETFT
HBLDFERMI LN, CCAVB DRRRICBIIEE
RER L IUFD & OEBIC DUV TIE, TUFD BOAH
BAFEBNENEVS, SEORT LIGERTSH
EY vAR5N5. WEETIE, EHAERE IUFD &
DR EIC DWW THEMNRERIEHE LV, BEH
SS-A FIEDEN L S 2T, BEEEHD CCAVE O
FRROFRICEABHENRLDUREE L HB L EX
5h, EHRBPEHDRDETHS.

R THWEF— 2 _R—213, BERARES X
UHEREIC X HENE Eick->THY, BEmCH
U - BERRAEIR®, #1SS-A FUAMEZ Y, HSS-AH
BIEEREDOHMET— 2 BB L TV A EANMEHT
H5. BMEBEROIERDZEOGHE, 1 SS-A Fik
B HEMEERTICRIEAL Tz & 5 hid, TUFD B
& live-birth # THEZ 3% <, CCAVB DRIEDF
B IBIEN T o T, ETz, BEH SS-A HikE,
BLUEZFOY T EZ A TD—DTHBH Ro52 HFEMIC
DWNWTH, TUFD # & live-birth E THEZWEFEDH L
N9, CCAVB DIEROFEMERF LIEEALNE
Moz,

P SS-A#ifkix, 52-kDa £ 60-kDa &\ 52D D
Y72y b okd 208 VRSB LOES
KTH2 RoFFICHTZ2EHCHETH D, Sjogren
FERBERBOKN 70%, 2BHN—~T ALY T F—
T RBEOR 50% THRIEI N Y, i SS-A Ttk
RO 1~2% THRRIC CCAVB BMEL % 2P, SEE, #
SS-A FUEDY 7 Z A 7 TH B Ro52 Hitk £ F1 Ro60
FADZNFNIC DV T ORI ER, i
#1 Ro52 FifkH' CCAVB DRIEICHEBS L TWB T
EBRDH > TE. FiRosS2Hitkid, LEANS T L
F v ] EFRIENE L, ARE IV T LERELD
Bl 3 kic &k v EEHEHOOHEE OB B2 E
Y5 Y. BHED S EBHICHIT Ui Ro52 Hilk
Z, MAEEMEOMERMHLTIRER 7oy ¥
ZH|ERRIT. TOREATRER Y ZIZuYHNT
HBH, EHOFUREOT Ro52 HiikiciBHEAYIC g X
na e, DEMEOT R - XDERSH, R

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery

— 386 —




24

By CCAVB Z 73D EEZ LN TS 2.

RHEDHT SS-A FUAMA S WVMZ L, BRIED CCAVB
HEVAIHEEZZENHESMIENT VS,
Taeggi 5 17 i, U SS-A HiikR M ILIR 186 Bl D MG
T, HiSS-AFUKICER T BHEOHRE (CCAVB D
ftl, OINFEARRPLDNREREREL ST &L
7o 40 ik, 2BINEBHEDHT SS-A FiikDBEE (ELISA
) A50U/mLY ETCH > 7=—7, 50U/mL KD
FEF TR EZR Lz DR b o s LS L.
Anami 5 'V 1%, #1SS-A FUKGHLENR 18941 (55
17 A CCAVB ZRIE) D% A HENEN T, BiE&EH
SS-AFAD Ml (CEFLIEE) H 32 HUETH
Bk, BREBET Oy ZREOHI U IERETF
THDEHME Lk,

SEOI L DRET T, CCAVB B#E URRIED
Fihl, BAFSS-AFUAIC, BEIZERD Shiah -
7= HEEASREE N T BIEFABSBESNTED,
EORBEFOERMLETH AN, RfEDLT A,
BHAH SS-A kG HTIRIC 3517 B HRUE CCAVB D&
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Introduction

Early repolarization syndrome (ERS) is diagnosed in patients with in-
ferolateral early repolarization (ER) on the standard 12-lead elec-
trocardiogram (ECG), who had been resuscitated from idiopathic
ventricular fibrillation (VF) in the absence of other causes of cardiac
arrest such as Brugada syndrome (BrS)." It has been proposed that
patients with ERS should not have type 1 Brugada-pattern ECG
(BrP-ECG) in the right precordial leads on the standard ECG." So
far, an additional ECG recording has not been required for the diag-
nosis of ERS. Even in the expert consensus statement on the diagno-
sis and management of patients with inherited primary arrhythmia
syndromes, which was published in 2013, there is no mention
with regard to recording sites in ERS.2 However, in patients with
BrS, the new consensus statement recommends that ECG record-
ings be taken in the higher intercostal spaces, because it has been
recognized since 2005 that the high intercostal recordings showed
better sensitivity and specificity in the ECG diagnosis of Brs.>~®

Therefore, there is a possibility that patients with ERS in previous
reports might have had a type 1 or non-type 1 BrP-ECG only in the
high intercostal spaces (HICS). The purpose of this study was to in-
vestigate the prevalence of Brugada ECG pattern recorded in the
HICS in patients with ERS and the prognosis of patients with and
without BrP-ECG.

Methods

Study population

The study population consisted of 56 consecutive patients with infero-
lateral ER and spontaneous VF who were admitted to National Cerebral
and Cardiovascular Center, Suita, Japan, between 1996 and 2014 (52
men, mean age: 39.9 + 13.0 years). None of the patients had structural
heart disease, including arrhythmogenic right ventricular cardiomyop-
athy, which was confirmed by noninvasive studies (physical examination,
12-lead ECG, 87-lead body surface ECG, exercise stress test,
signal-averaged electrocardiography, and cardiac magnetic resonance
imaging or computed tomography), and invasive studies consisting of
coronary angiography including ergonovine/acetylcholine injection and
right or left ventricular cineangiography. Patients with coronary artery
spasm, long QT syndrome, short QT syndrome, catecholaminergic
polymorphic ventricular tachycardia, commotio cordis, drug-induced
VF, and hypothermia were excluded. This study was approved by the'In-
stitutional Research Board of National Cerebral and Cardiovascular
Center.

Classification of each group

Of the total of 56 patients, 18 patients showing type 1 BrP-ECG in the
standard ECG spontaneously or after drug provocation tests by a so-
dium channel blocker were excluded, and 38 patients with inferolateral
ER and a prior VF (34 males, mean age: 40.4 £ 13.6 years) were classi-
fied into four groups (A—D) based on ST-T morphology in the right pre-
cordial leads with the results of the drug provocation tests by a sodium
channel blocker (group A: patients with an inferolateral ER and type 1
BrP-ECG only in the high intercostal recording, group B: patients with an
inferolateral ER and non-type 1 BrP-ECG only in the high intercostal re-
cording spontaneously or after drug test, group C: patients with an in-
ferolateral ER and non-type 1 BrP-ECG in the standard ECG
spontaneously or after drug test, group D: patients with inferolateral
ER without BrP-ECG in any of the right precordial leads).

Electrocardiograms recorded at a higher intercostal space were evalu-
ated by 87-lead body surface maps before 1998,7 and by leads V, to Vs
placed in the second and third intercostal spaces in addition to the
standard intercostal space after 1998.° Patients were seen routinely
every 3—6 months for clinical review and device interrogation. Both
the standard and high costal ECGs were recorded at every visit. Patients
in group A never showed type 1 BrP-ECG at a standard intercostal space
spontaneously or after drug provocation test in the repeated ECG re-
cordings during follow-up. None of the ECGs of patients in groups B
and C revealed type 1 BrP-ECG during follow-up including in the high
costal recordings.

The presence of inferolateral ER, which was defined as an elevation of
the ] point in at least 2 leads, was evaluated by baseline 12-lead ECGs
(25 mm/s and 10 mm/mV). The amplitude of the inferolateral J-wave
or J-point elevation had to be at least 1 mm or 0.1 mV above the base-
line level, either as QRS slurring or notching in any of the inferior (Il, Hll,
and aVF), lateral (V4, Vs, and V), and high lateral (I and aVL) leads in at
feast one ECG recording.'

BrS was diagnosed when a type 1 ST-segment elevation was observed
either spontaneously or after intravenous administration of a sodium
channel blocking agent in at least one right precordial lead (V4 and
V), which was placed in a standard or a superior position (up to the se-
cond intercostal space).” Type 1 ECG was defined as a coved-type
J-point or ST elevation >2 mm followed by a negative T-wave.”

Non-type 1 BrP-ECG was defined as type 2 BrP-ECG, type 3
BrP-ECG or upward/downward notching or downward slurring with
an amplitude >1 mm at the end of QRS to early ST segment in any
of the anterior leads (V+, V,, and V3) in the baseline standard or high cos-
tal (second and third) ECG recordings or in those ECGs after drug
provocation tests.'® The upward/downward notch in the anterior leads
should have appeared between the late QRS and early ST period in the
same timeframe as J-waves in other leads in the same 12-lead ECG.

Drug provocation test

Drug provocation tests were conducted with pilsicainide (up to 1 mg/kg
body weight injected at a rate of 5—10 mg/min), disopyramide (1.5 mg/
kg, 10 mg/min), or flecainide (2 mg/kg, 10 mg/min) during standard and
high costal (second and third) ECG recordings. Al ECGs were recorded
at 25 mm/s and 10 mm/mV. First, the ECG recordings were independ-
ently analyzed by two cardiologists (T.K. and 5.K.), and consensus was
reached about the diagnosis. A third trained cardiologist (K.K.) inde-
pendently evaluated all of the ECGs with no knowledge of the other ob-
servers’ judgment or the clinical information to test for inter-observer
variability, and consensus was established.

Clinical data, electrocardiogram, and
electrophysiological testing

Clinical data including age at the first episode of VF, sex, family history of
sudden cardiac death at <45 years of age, patients’ activity at VF, prog-
nosis, and drug therapy were collected on all patients. We defined the
patients’ state at VF as sleep when VF occurred in a state of sleeping, as
near sleep when VF occurred in a resting state just after waking,'®and as
arousal at rest when VF occurred at rest in an awake state without active
body movement. During follow-up, patients were considered to have an
arrhythmic event if VF was documented by implantable cardioverter-
defibrillator (ICD) interrogation. An electrical storm was defined as
>3 VF episodes within 24 h. The beginning of the follow-up period
was at the time of the first VF event. In patients with recurrent arrhyth-
mias, the choice of antiarrhythmic drugs was decided by the patient’s
physician.
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Electrophysiological study (EPS) was conducted in 19 patients as pre-
viously described.!! Genetic testing for mutations in the SCN5A gene
was performed in 22 patients (A: 3, B: 3, C: 4, D: 12), as previously
described.™

Clinical profiles, electrocardiographic characteristics, and VF recur-
rences during 110.0 + 55.4 months of follow-up were compared among
the four groups.

Statistical analysis

Data were analyzed with JMP10 software (SAS Institute Inc., Cary, NC,
USA). Numeric values are presented as mean + standard deviation. The
)(2 test, Student’s t-test, or one-way analysis of variance was performed
as appropriate to test for statistically significant differences. Survival
curves were constructed by the Kaplan—Meier method and compared

A 26 y.0. Male Baseline

‘ leads V1 ~V3 durmg standard and hlgh costal‘recordmgs remamed

4th 3rd 2nd

using the log-rank test. P-value of <0.05 was considered statistically
significant.

Results

Electrocardiogram findings in groups A, B,
C,and D

Figure 1 shows typical ECGs at baseline and after the drug provoca-
tion test, respectively, in patients in each group. Assignment to
groups was performed according to ECG findings at screening: 6 pa-
tients (16%) were assigned to group A (Figure 1A), 5 patients (13%)
to group B (Figure 1B), 8 patients (21%) to group C (Figure 1C), and
19 patients (50%) to group D (Figure 1D). Therefore, 16% of the

After 50mg pilsicainide injection

4th 3rd 2nd
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aVR
avl

aVF

 Figure | ,Conytinﬁed, il

patients who had been diagnosed with ERS under the previous cri-
teria were actually BrS patients with inferolateral ER. Nineteen pa-
tients (50%) had BrP-ECG in any of the right precordial leads and 11
patients (29%) had type 1 or non-type 1 BrP-ECG only in the HICS.

After 30mg pilsicainide injection
4th 3rd 2nd

aVR

avl

aVvF

After 50mg pilsicainide injection

4th 3rd 2nd

In group A, type 1 BrP-ECG was observed in the high intercostal
position spontaneously (n = 3) or only after the drug provocation
test (n = 3). In group B, non-type 1 BrP-ECG was observed before
(n = 4) or after (n = 1) the drug provocation test only in the HICS.
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D 63 y.0. Male

Baseline
4th 3rd 2nd

Clinical profiles in each group

Clinical characteristics of the patients in each group are shown in
Table 1. Ventricular fibrillation was observed during sleep or near
sleep in three patients (50%) in group A, five patients (100%) in
group B, and six patients (75%) in group C; in contrast, only two pa-
tients (11%) in group D had VF during sleep or near sleep (B, and C
vs. D, P << 0.05). Most patients in group D had VF in an awake state.
The VF inducibility among the four groups was similar. Mutations of
SCNS5A were identified in one patient in group C, but in none of the
patients in the other groups.

Clinical outcome

Mean follow-up period of group A, B, C, and D was 120 + 51,
109 + 61, 106 + 67, and 108 + 54 months, respectively. Thirty-
seven of the 38 patients received an ICD. One patient in group D
was followed without ICD implantation. No patients died during
the follow-up period.

VF recurrence rates including electrical storm were signifi-
cantly higher in group A (4/6:67%), group B (4/5:80%), and group
C (4/8:50%), compared with group D (2/19:11%) (A, B,and Cvs. D,
P < 0.05). Kaplan—Meier curves of the four groups are illustrated in
Figure 2. Patients in group A, B, and C exhibited significantly higher
rates of arrhythmic events than those in group D (log rank,
P =0.0019). Type 1 and non-type 1 BrP-ECG were observed
only in the HICS in 8 (type 1:4, non-type 1:4) of the 14 patients
with VF recurrence. The incidence of BrP-ECG in any of the right pre-
cordial leads was significantly higher in patients with VF recurrence
than in those without (12/14; 86% vs. 7/24; 29%, P = 0.0019) and

After 50mg pilsicainide injection
4th 3rd 2nd

the presence of BrP-ECG showed 86% sensitivity, 71% specificity,
and 63% positive predictive value to identify VF recurrence in
patients with ERS. Single or combination drug therapy consisting
of isoproterenol, quinidine, cilostazol, and bepridil was effective in
five patients with a VF recurrence in group A, B,and C.

Discussion

Main findings

This is the first study in which high intercostal ECGs of all ERS pa-
tients were evaluated on a long-term basis. Results showed that VF
mostly recurred in patients showing BrP-ECG in any precordial
lead including HICS, who comprised 50% of the cohort diagnosed
with ERS under the previous criteria, in contrast to favorable prog-
nosis in the remaining 50% of ERS patients without BrP-ECG in
both the standard and HICS. A systematic search of the BrP-ECG
with high intercostal ECG recordings and drug challenge test is
considered requisite not only to exclude BrS but also to stratify
the risk of ERS.

Diagnosis of early repolarization
syndrome

Early repolarization syndrome is diagnosed when structural and
nonstructural heart diseases including BrS are excluded as a cause
of VE In the diagnostic criteria of BrS proposed in the consensus
reports that were published in 2002 and 2005,"® a diagnostic Bru-
gada ECG was defined as the presence of a coved-type ST segment
elevation >2 mm followed by a negative T wave in at least two right
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Clinical characteristics
Age at diagnosis (year) 352469
Men 6 (100%)
FH of SCD (%)

382+ 87
5 (100%)

Activity at the time of initial SCA
Sleep, near sleep (%)
Physical activity (%) 0 (0%) 0 (0%)
Arousal at rest (%) 3 (50%)

Occurrence of initial VF
Out of hospital (%) 5 (83%)
In hospital for syncope or other reason (%) 1 (17%)
Induction of VF by EPS (%) 2/3 (67%)

4 (80%)
1 (20%)
141 (100%)

Clinical outcome
Follow-up period (months) 120 + 51
VF recurrence (%) 4 (67%)
Electrical storm (%) 0 (0%)

6 (100%)

109 + 61
4 (80%)
2 (40%)

ICD implantation 5 (100%)

1- 1 ’
u...“,-.".z Group D (n=19)
0.8 -
& 06E
> ¥ L
5 oo oo SroRCE
@
£ 04-
Group A {n=6)
02 Group B (n=5)
Log-rank p=0.0019
0 7
o] 50 100 150 200

Fallow-up {Month}
—— Group A: Patients with £R and type 1 BrP-ECG only in KICS
e GrOUp B: ERS with non-type 1 BrP-ECG only in HICS
==== Group C: ERS with non-type 1 BrP-ECG in the standard ECG
==+ Group D; ERS without BrP-ECG

3(3,0) (50%) 5 (4,1) (100%)

D (n=19) P-value comparing

four groups

408 + 14.4
5 (63%)

25+ 159
18(95%)
0 (0%)

404 + 136
34 (89%)

6(4,2) (75%) 2 (2,0) (11%)
0 (0%) 6 (31%)
2 (25%) 11 (58%)

16 (13, 3) (42%
6 (16%)
16 (42%)

7 (87%) 18 (95%)
1(13%) 1(5%)
2/5(40%) 310 (30%)

34 (89%)
4 (11%)
8/19 (42%)

106 + 67 108 + 54
4 (50%) 2 (11%) 00057
3 (38%) 0 (0%) 0011
8 (100%) 18 (95%) 079

110 + 55
14 (37%)
5 (13%)

37 (97%)

precordial leads on the standard 12-lead ECG. Regarding the high
intercostal ECG recordings, it was stated that it could increase sen-
sitivity, but there were not enough data at that time to exclude the
possibility of false positives. However, some studies addressed the
diagnostic value of the high intercostal ECG recordings in the fol-
lowing years,>~¢ leading to revision of the diagnostic criteria for
BrS in the expert consensus statement in 2013.2 The new diagnostic
criteria allow diagnosis of BrS when a type 1 ST-segment elevation is
observed either spontaneously or after drug provocation tests in at
least 1 lead among the right precordial leads (V, and V) positioned
in the second, third, or fourth intercostal spaces. These criteria pro-
posed in 2013 have been reported to increase diagnostic sensitivity
without increasing specificity."*

Since inferolateral ER was reported in association with idiopathic
VF in 2008 by Haissaguerre et al.,' numerous studies on ERS have
been published.”® 2" However, these were mostly reported before
2013 and excluded BrS according to the 2002° and 2005 criteria,"
Therefore, there is a possibility that previously reported cases of
ERS might have included patients with BrP-ECG in HICS only.
This study showed that 6 (16%) of 38 ERS patients had a type 1
BrP-ECG only in the HICS. Savastano et al.™ reported that 44%
of BrS patients in their cohort showed a type 1 BrP-ECG exclusively
in the HICS. Govindan et al.’ indicated that 42% of the patients
showed type 1 ECG only in the high costal spaces in their cohort
of drug-induced BrS. Thus, unless high intercostal recordings with
or without drug provocation test were conducted, some BrS
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