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Fig3. Mechanism of the phase 2 reentry-induced premature beats (P2R-extrasystoles) under the condition of Brugada-
ECG in a model using a wedge preparation combined with high-resolution (256x256) optical mapping techniques. (A)
Representative action potential duration measured at 50% (APDso) contour map on the right ventricular epicardium (Epi)
and endocardium (Endo) in the control, in the ST-segment elevation (Brugada-ECG) without phase 2 reentrant extrasys-
toles (P2R (-)) and in the Brugada-ECG just before P2R extrasystoles (P2R (+)). (B) Snapshots of an optical isopotential
movie on the Epi surface during P2R(~) and P2R(+) in the Brugada-ECG. (C) Optical action potentials (APs) at each site
(a—1) on the Epi surface and transmural ECG. Under the Brugada-ECG., the AP morphology in Epi, but not Endo, changes
to heterogeneous because of the combination of abbreviated (loss-of-dome; site d.¢) and prolonged (restore-of-dome; site
a,b) APs, resulting in increasing dispersion of repolarization (DR) in Epi (168 ms) rather than in Endo (80 ms). Further
prolongation of the AP in the Epi area (site b) is closely adjacent to the loss-of-dome APs (site d), thus producing a repo-
larization mismatch within a small area (DR =348 ms) and developing a P2R-extrasystole at the loss-of-dome site (site d).
Thus. a steep repolarization gradient in Epi, but not in Endo, develops the initial P2R- extrasys(ole in the Brugada-ECG

(Modified from J Am Coll Cardiol 2006; 47: 20742085 with permission).

sodes of VF than in those of polymorphic VT. Figs4A,B
represents a phase map and the optical APs during the P2R-
induced polymorphic VT, showing that reentry is initiated
from the epicardial GRmax area and rotates mainly in the
epicardium without wave-break. In contrast, Figs5A,B
represents these during P2R-induced VF, showing that the
development of the initial P2R is similar to that of poly-
morphic VT, but that the first P2R-wave is broken up into
multiple wavelets, resulting in degeneration of VT into VF.
The phase singularity points during the first P2R-wave al-
most coincide with the sites of delayed conduction (Fig 5D).
Wave-break during the first P2R-extrasystole produces
multiple wavelets in the episodes of VF, whereas no wave-
break or wave-break followed by wave collision and termi-
nation occurs in the episodes of polymorphic VT. Figs4E
and 5E are histograms of the epicardial APD measured at
50% (APDso0) during the first P2R-wave. There is a large
variety of APDso in the epicardium during the first P2R-
wave in the episodes of VF, whereas only slight variety in
the APDso is observed in the episodes of polymorphic VT.
These data suggest that both conduction delay and disper-
sion of repolarization play significant roles in the perpetua-
tion of VF episodes.

Late Onset of Clinical Manifestation

Because BS is a primary electrical disease, and at least
one-third of the patients have mutations in ion channel genes
(SCN3A, CACNAIC, CACNB?2), clinical manifestation dur-
ing childhood would be expected. However, BS usually
manifests in middle age, at 40-50 years of age? Frustaci et
al recently reported a significant myocytes apotosis in both
the right and left ventricular myocardium in a histological
study of BS patients with SCN5A mutations, and suggested
that abnormal function of the sodium channels may lead to
a sufficient degree of cellular damage, attributing to the
arrhythmic event?® We recently analyzed several ECG
parameters recorded during long-term follow-up of BS
patients with and without the SCN5A mutation? In both
patient groups, the depolarization parameters, including P
wave, QRS, S wave duration and PQ interval, increased
with age, especially in patients with the SCN5A mutation.
Taken together with the experimental data?’ the findings
suggest that depolarization abnormalities (conduction slow-
ing) are required for the maintenance of VF in BS, although
the initiating premature beats are caused by a phase 2 re-
entry mechanism.
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potenuals at each site (a—-f), together with a transmural ECG. (C. D) Repolarization and depolarization maps on the Epi
surface in the condition of Bruoada-ECG just before polymorphic VT. (E) Epi action potential duration at 50% repolar-
ization (APD'»O) histogram durmo the first P2R-wave. Reentry is initiated from the steepest (maximum) repolarization
gradient site in Epi (arrow in A and C) and rotates mamly in Epi without wave-break. The Epi depolarization map paced
from Endo shows no conduction delay (D). There is a little variety of APD in Epi during the first P2R-wave (E). Open
circles mark phase singularity points (Modified from J Am Coll Cardiol 2006; 47: 2074~ 2085 with permission).

Male Predominance

Because all mutations so far identified in SCNSA display
an autosomal dominant mode of transmission in BS, males
and females would be expected to inherit the defective
gene equally. However, an apparent male predominance is
observed in patients with BS!® Di Diego et al suggested the
cellular basis for male predominance in BS while using
arterially-perfused canine RV wedge preparations® They
reported that the Io-mediated phase | AP notch in the RV
epicardium was larger in male dogs than in female dogs
was responsible for the male predominance in the Brugada
phenotype. On the other hand, the male hormone, testoste-
rone, has been reported to increase the outward potassium
currents (the rapidly [Ixr}3132 and the slowly [Ixs}?? activat-
ing component of Ik, and the inward rectifier potassium
current {Ix1]32) or decrease the inward currents (Ica-L)¥
Therefore, testosterone would be expected to accentuate the
Brugada phenotype. Clinically, Matsuo et al report 2 cases
of asymptomatic BS in which typical coved ST-segment
elevation disappeared following orchiectomy as therapy for
prostate cancer;* supporting the expectation for testoste-
rone. Morgover, testosterone is also known to decrease
visceral fat? and patients with BS are thinner than the nor-
mal population3® On the basis of these clinical and experi-
mental findings, we directly measured the testosterone
level in male patients with BS and compared them with
age-matched normal males?’” The testosterone level was
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significantly higher and body mass index (BMI) signifi-
cantly lower in the Brugada males than in the controls after
adjusting for several confounding variables influencing tes-
tosterone level or BMI (eg, age, exercise, stress, smoking,
and medication). Interestingly, testosterone level was in-
versely correlated with BMI in both Brugada and control
males even after adjusting for confounding variables, sug-
gesting that Brugada males have a higher testosterone level
associated with lower visceral fat (Fig 6). Moreover, condi-
tional logistic regression model analysis showed that both
higher testosterone level and lower BMI independently
increase the risk of BS. These data suggest that the male
predominance in the Brugada phenotype is at least in part
related to testosterone, which is present only in males.

Higher Incidence in Asian Population

The incidence of BS-is higher in Asian countries, includ-
ing Thailand and Japan, than in Western countries!!-1238 [t
has been reported that common polymorphisms might
modulate the activity of the primary disease-causing muta-
tion or influence susceptibility to arrhythmia, even in the
general population’® The common polymorphisms may
attribute to ethnic differences in the clinical phenotype in
inherited cardiac arrhythmias, including BS, because some
common polymorphisms are ethnically dependent. Pfeufer
et al reported that polymorphisms in the SCNJA promoter
were associated with a widening of QRS duration in a cen-
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large variety of APD in Epi during the first P2R-wave (E). Thus, P2R-extrasystoles degenerate into VF with further depo-

larization and repolarization disturbances. Open circles mark phase singularity points (Modified from J Am Coll Cardiol
2006: 47: 20742085 with permission).
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Fig6. Correlation between testosterone level and body mass index (BMI) in Brugada syndrome males and age-maiched

control males. Testosterone level inversely corvelated withe BMI in both groups (J Cardiovasc Electrophysiol 2007 (in
press). with permission).

tral European general population?® We recently identified a
haplotype variant consisting of 6 individual DNA polymor-
phisms in near-complete linkage disequilibrium within the
proximal promoter region of SCN54 in Asians only (an
allele frequency of 22%), not in Caucasian or African-

Americans (Fig 7)# Luciferase reporter activity of this vari-
ant haplotype, designated Haplotype B, in cardiomyocytes
is reduced 62% compared with the wild-type, designated
Haplotype A. To test the hypothesis that this SCN5A pro-
moter polymorphism may modulate variability in cardiac
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SCNS5A promoter haplotype pair effects on QRS duration in lead Vs and PR duration in lead I in patients with

Brugada syndrome and in control subjects. In the Brugada patients without SCN5A mutations and in the control subjects,
both QRS and PR duration show a gene—dose effect, being longest in Haplotype B homozygotes (BB), intermediate in
Haplotype A/Haplotype B heterozygotes (AB) and shortest in Haplotype A homozygotes (AA). The Brugada patients
with SCN5A mutations show the longer duration of both QRS and PR than do those without SCNSA mutations. Patient
numbers are indicated between parentheses. Data mean+SD (Modified from Circulation 2006; 113: 338-344 with

permission).

conduction, the relationship between the SCN5A promoter
haplotype and indices of conduction velocity (ie, PR and
QRS durations) was analyzed in a cohort of 71 Japanese
BS subjects without SCN5A mutations and in 102 Japanese
controls. In both groups, PR and QRS durations were sig-
nificantly longer in Haplotype B individuals, with a gene—
dose effect (Fig 8). Moreover, increases in both the PR and
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QRS duration with sodium channel blockers, which are
known to be arrthythmogenic in BS, were genotype-depen-
dent and a gene~dose effect was also observed. These data
demonstrate that the Haplotype B within the SCNSA pro-
moter region alone does not give rise to BS, but that it likely
contributes to a higher incidence of BS in Asian population
in combination with other yet unknown (genetic) factors.
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Diagnostic and Prognostic Value of a Type 1 Brugada
Electrocardiogram at Higher (Third or Second) V; to V,
Recording in Men With Brugada Syndrome

Koji Miyamoto, MD, Miki Yokokawa, MD, Koji Tanaka, MD, Takayuki Nagai, MD,

Hideo Okamura, MD, Takashi Noda, MD, PhD, Kazuhiro Satomi, MD, PhD,
Kazuhiro Suyama, MD, PhD, Takashi Kurita, MD, PhD, Naohiko Aihara, MD,
Shiro Kamakura, MD, PhD, and Wataru Shimizu, MD, PhD*

To evaluate the diagnostic and prognostic value of an electrocardiogram (ECG) recorded
at a higher (third or second) intercostal space, 98 men (17 to 76 years of age, mean = SD
47 = 13; with documented ventricular fibrillation [VF] in 22 and syncope in 32) were
categorized into 3 groups; 68 men had a spontaneous type 1 ECG in standard leads V, and
V, (S group), 19 had a spontaneous type 1 ECG only in the higher V; and V, leads (H
group), and 11 had a type 1 ECG only after receiving class Ic sodium channel blockers (Ic
group). There were no significant differences in baseline clinical characteristics, including
VF episodes, syncope, atrial fibrillation, family history, late potentials, and inducibility of
VF during electrophysiologic study across the 3 groups. During prospective follow-up
periods (779 % 525, 442 = 282, and 573 + 382 days, respectively), subsequent cardiac
events occurred in 11 men (16%) within the S group, in 2 men (11%) in the H group, and
in 0 men (0%) in the Ic group (p = NS, S vs H group). In men with previous episodes of
VF, subsequent cardiac events occurred in 7 (44%) within the S group and in 2 (50%) in the
H group (p = NS). In conclusion, men with a spontaneous type 1 Brugada ECG recorded
only at higher leads V, and V, showed a prognosis similar to that of men with a type 1 ECG

in using standard leads V, and V,.
2007;99:53-57)
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Brugada syndrome is characterized by a high risk of sudden
cardiac death due to ventricular fibrillation (VF) and a
specific ST-segment elevation in the right precordial leads
(V, to V) in the absence or presence of sodium channel
blockers.!-2 Recent consensus reports have proposed 3 types
of ST-segment elevation (types 1 to 3) in this syndrome.*->
Although the magnitude and pattern of ST-segment eleva-
tion differ in each patient and can change even in the same
patient,®-8 documentation of a spontaneous type 1 electro-
cardiogram (ECG), which is defined as a coved type and a
J-point elevation =0.2 mV, has been associated with a high
risk of sudden cardiac death.>-59-11 Electrocardiographic
recording in leads V| and V, at a higher (third or second)
intercostal space has been reported to unmask or confirm a
type 1 Brugada ECG, with a high sensitivity in individuals
with suspected Brugada syndrome.12-14 However, system-
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atic evaluation of recording leads V, and V, at a higher
space, especially with regard to diagnostic and prognostic
values, has not been done. This study evaluated the diag-
nostic and prognostic value of documentation of a sponta-
neous type 1 Brugada ECG in leads V, and V, recorded at
a higher intercostal space.

Methods

The study population consisted of 98 probands from 98
unrelated families in whom a type 1 Brugada ECG was
documented in leads V,; and V,, at a standard (fourth) and/or
higher (third or second) intercostal space in the absence or
presence of class Ic sodium channel blockers. They were
enrolled between October 2000 and September 2004 and
were followed prospectively. All 98 patients were men.
Their average age at enrollment was 47 = 13 years (17 to
76). VF had been documented in 22 men and 32 had shown
only syncope. An SCN5A coding region mutation was iden-
tified in 8 men. Physical examination showed no abnormal
findings, and no evidence of structural heart disease was
demonstrated by echocardiogram in any subject. Informed
consent was obtained from all subjects.

The 98 men were categorized into 3 groups; 68 had a
spontaneous type 1 Brugada ECG recorded at a standard
(fourth) intercostal space in leads V, and V, (S group), 19
had a spontaneous type 1 Brugada ECG recorded only at a
higher (third or second) intercostal space in leads V; and V,
(H group), and 11 had a type 1 Brugada ECG recorded only
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Figure 1. Twelve-lead ECG in representative subjects of the 3 groups. (A) S group (spontaneous). A type 1 coved-type ST-segment elevation was seen at
a standard (fourth) intercostal space in leads V, and V, (arrows) at baseline. {B) H group (spontaneous). A type 1 Brugada ECG was recorded at higher (third
and second) intercostal spaces in leads V, and V, (V;) (arrows) but not at a standard (fourth) intercostal space in these leads at baseline. (C) Ic group. A

type 1 Brugada ECG was recorded at a standard (fourth) intercostal space in leads V, only after injection of 30 mg of pilsicainide.

Table 1

Comparison of clinical, electrocardiographic, and electrophysiologic characteristics across the 3 groups (S group vs H group vs Ic group)

Variabie S Group (only spontaneous) H Group (only spontaneous) Ic Group p Value

(n = 68) n =19 n=11)

Age (yrs) (range) 48 = 16 (21-76) 46 = 15 (17-72) 44 + 16 (17-62) 0.64

Symptomatic 40 (59%) 7 (37%) 7 (64%) 0.20
Documented VF 16 (24%) 4 (21%) 2 (18%) 091
Syncope only 24 (35%) 3(16%) S (45%) 0.17

Inducible VF/ventricular tachycardia 42 (718%) 6(55%) 7 (70%) 0.27

Family history 14 21%) 2(11%) 3(27%) 0.48

Presence of late potential 46 (714%) 11 (65%) 6 (55%) 0.59

Presence of atrial fibrillation 16 (24%) 3(16%) 1(9%) 0.47

Follow-up (d) 779 = 525 442 + 282 573 = 382 <0.01*

* S group versus H group.

after receiving class Ic sodium channel blockers at standard
and/or higher spaces in leads V, and V, (Ic Group) (Figure
1). We compared clinical, electrocardiographic, and elec-
trophysiologic characteristics, and subsequent occurrence of
cardiac events across the 3 groups.

Twelve-lead electrocardiographic data were recorded at
a paper speed of 25 mm/s during sinus rhythm in a supine
state at rest. Leads V, and V, were recorded at standard
(fourth) and higher (third and second) intercostal spaces. At
enrollment and categorization of subjects into 3 groups, =3
separate recordings of 12-lead ECGs were reviewed in each
subject. If a spontaneous type 1 Brugada ECG was recorded
at a standard space in leads V, and V, =1 time among
multiple ECGs, the subject was classified into the S group.
Similarly, if a spontaneous type 1 Brugada ECG was re-
corded at a higher space in leads V,; and V, =1 time but not
at all in standard leads V,; and V,, the subject was classified
into the H group.

Drug challenge testing was performed with intravenous
pilsicainide (1 mg/kg, maximum 50 mg, 5 mg/min) and/or
flecainide (2 mg/kg, maximum 100 mg, 10 mg/min). The

test result was considered positive if a type 1 Brugada ECG
appeared in >1 precordial lead.

Late potential was analyzed using a signal-averaged
electrocardiographic system (Arrhythmia Research Tech-
nology 1200EPX, Milwaukee, Wisconsin). Three parame-
ters were assessed using a computer algorithm: (1) total
filtered QRS duration, (2) root-mean-square voltage of the
terminal 40 ms of the filtered QRS complexes, and (3)
duration of low-amplitude signals <40 uV of the filtered
QRS complex. Late potential was considered present when
a root-mean-square voltage <18 uV and a duration >38 ms
were present.

An electrophysiologic study was conducted without antiar-
rhythmic drugs after informed consent was obtained. Pro-
grammed electrical stimulation was performed from the right
ventricular apex and the right ventricular outflow tract with up
to 3 extrastimuli. Induction of VF requiring direct cardiover-
sion or nonsustained polymorphic ventricular tachycardia last-
ing =15 beats was considered a positive result.

All men were followed up at outpatient clinics of the
National Cardiovascular Center. The end point was VF
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documented in the storage memory of an implantable car-
dioverter-defibrillator, apparent syncope, or sudden cardiac
death.

Quantitative values were expressed as mean = SD.
Statistical significance in differences was analyzed by
chi-square test or 1-way analysis of variance across the 3
groups (S vs H vs Ic group). A p value <0.05 was
considered statistically significant. Survival curves were
plotted using Kaplan-Meier methods and analyzed by
log-rank test.

Results

Table 1 presents a comparison of clinical, electrocardio-
graphic, and electrophysiologic characteristics across the S
group (spontaneous only), H group (spontaneous only), and
Ic group. There were no significant differences in baseline
clinical characteristics with respect to gender, age, fre-
quency of documented episodes of VF and syncope, family
history (sudden cardiac death or a Brugada ECG), late
potential, atrial fibrillation, and inducibility of VF/ventric-
ular tachycardia during the electrophysiologic study across
the 3 groups.

in all 68 men in the S group, a spontaneous type 1
Brugada ECG was always seen at a higher space in leads
V, and V, on all ECGs showing a spontaneous type 1
Brugada ECG at a standard space in leads V,; and V. Ten
of 68 men (15%) in the S group always showed a type 1
Brugada ECG at a standard space in leads V, and V, on
multiple ECGs. However, the remaining 58 men (85%)
did not always show a type 1 Brugada ECG at a standard
position, and 30 of these (52%) always showed a type 1
Brugada ECG at a higher space in leads V, and V,. Of the
19 men in the H group, 7 (37%) always showed a type 1
Brugada ECG at a higher space in leads V, and V. In the
11 patients in the Ic group, 8 (73%) showed a type 1
Brugada ECG after class Ic drugs at a standard space in
leads V, and V,. and 3 (27%) showed this only at a
higher space in leads V, and V,.

An implantable cardioverter-defibrillator was implanted
in 47 of the 68 subjects (69%) in the S group (VF in 14 of
16, 88%; syncope only in 19 of 24, 79%; asymptomatic in
14 of 28, 50%), in 7 of the 19 subjects (37%) in the H group
(VF in 4 of 4, 100%; syncope only in 1 of 3, 33%; asymp-
tomatic in 2 of 12, 17%), and 7 of the 11 subjects (64%) in
the Ic group (VF in 2 of 2, 100%; syncope only in 3 of 5,
60%; asymptomatic in 2 of 4, 50%). Three subjects (4%) in
the S group and 1 (5%) in the H group were treated with
antiarrhythmic drugs only (2 with amiodarone and 1 with
disopyramide in the S group and 1 with atenolol in the H
group).

The mean prospective follow-up period was 779 *
525 days in the S group, 442 = 282 days in the H group,
and 573 = 382 days in the Ic group. The follow-up period
was significantly longer in the S group than in the H
group (p <0.01; Table 1). This difference was explained
by the fact that more men were enrolled unintentionally
in the S group soon after the prospective study was
started.

Kaplan-Meier analysis of subsequent cardiac events
during follow-up in the 3 groups is shown in Figure 2.
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Figure 2. Kaplan-Meier analysis of subsequent cardiac events (VF in
implantable cardioverter-defibrillator storage or sudden cardiac death) in
the S group (spontancous) (dashed line), H group (spontaneous) (solid
line), and Ic group (dotted line) for (A) all patients, (B) symptomatic
patients with previous VF and/or syncope, and (C) patients with previously
documented VF.

Subsequent cardiac events occurred in 11 of 68 subjects
(16%) in the S group (VF in implantable cardioverter-
defibrillator storage in 9, sudden cardiac death in 2), 2 of
19 subjects (11%) in the H group (VF in implantable
cardioverter-defibrillator storage in 2), but 0 of 11 sub-
jects (0%) in the Ic group (Figure 2). No significant
difference was observed in the frequency of cardiac
events between the S and H groups.
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Of the 13 men with subsequent cardiac events, 9
(69%) had previous VF (7 in the S group, 2 in the H
group), 2 (15%) had previous syncope only (2 in the S
group), and 2 (15%) were asymptomatic (2 in the
S group) at enrollment. Because previous VF and/or
syncope are strong indicators of subsequent cardiac
events,®10-15 the frequency of subsequent cardiac events
was evaluated when the subjects were limited to symp-
tomatic patients with previous VF and/or syncope. No
significant difference was observed in the frequency of
subsequent cardiac events between 40 symptomatic sub-
jects in the S group and 7 symptomatic subjects in the H
group (23%, 9 of 40, vs 29%, 2 of 7; Figure 2).

When the subjects were limited to patients with previous
VF (16 in the S group, 4 in the H group), there was no
significant difference in the frequency of subsequent cardiac
events between the 2 groups (44%. 7 of 16, vs 50%, 2 of 4;
Figure 2).

Of the 19 subjects in the H group, 14 underwent a drug
challenge test, and 2 showed a type | Brugada ECG at a
standard space in leads V; and V, after the test.

Discussion

The major findings of our study were that (1) recording at a
higher space in leads V, and V, had higher sensitivity than
that at a standard space in these leads in detecting a type 1
Brugada ECG and (2) a type 1 Brugada ECG recorded only
at a higher space in leads ¥V, and V, showed a similar
prognostic value for subsequent cardiac events as that re-
corded at a standard space in these leads.

Priori et al® reported that only 50% of patients with
Brugada syndrome in whom repetitive baseline ECGs
were recorded had =1 positive baseline ECG. In the
present study, only 10 of 68 subjects (15%) in the S group
always showed a type 1 Brugada ECG at a standard space
with leads V, and V,. Because a region reflecting the
potentials of the right ventricular outflow tract includes
higher precordial ECGs (second or third in leads V, and
V,), we hypothesized that recordings at a higher space in
leads V, and V, would detect a type 1 coved-type Bru-
gada ECG more frequently in patients with Brugada
syndrome and transient ST-segment elevation. Shimizu et
al'? used body surface potential mapping and examined
the body surface distribution of maximum (coved type)
ST-segment elevation in patients with Brugada syndrome
in whom spontaneous coved type ST-segment elevation
was documented =1 time in the standard leads V; and
V,. They reported that the maximum ST-segment eleva-
tion was distributed at row 5 of the body surface potential
mapping, on which leads V, and V, on standard ECG
were located, in 18 of 25 patients (72%) with Brugada
syndrome and at row 6, which was on the level of
parasternal second intercostal space, in the remaining 7
patients (28%) with Brugada syndrome. In the latter
patients, typical coved type ST-segment elevation was
recognized only at a higher (third or second) space in
leads V, and V, on the standard 12-lead ECG.

In the present study, the remaining 58 of 68 subjects
(85%) in the S group did not always show a type 1

Brugada ECG on standard leads V| and V,; however, 30
of 58 subjects (52%) always showed a type 1 Brugada
ECG on the higher leads V| and V,, suggesting that a
higher electrocardiographic recording has higher sensi-
tivity for detecting a type 1 Brugada ECG, as in previous
studies.!2-14 Moreover, higher recordings in leads V, and
V, showed similar prognostic value as standard record-
ings in these leads. Because recordings of leads V; and
V, at a higher (third or second) intercostal space are easy
and noninvasive procedures, we recommend the higher
recordings in leads V, and V, as an alternative to drug
challenge testing with sodium channel blockers. Only
when the result of this procedure is negative should a
drug challenge test be considered as a next diagnostic
test.
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DETHL>ABEUEFEIBERO NS v x
(transmural dispersion of repolarization) 2\ 3§71 3
2 PO—-VLARVETEELZA(E1A, B, O,
LOT3EFA T, ThoZ 0% BEL MRS RS
Aoz (B1D). £/, ZhIC—H L TLQTIL,
LOQT2EFNLTIX, 20 umol/LD =25 > I VI E
RFEAE TP F 72130 FHERIRE 5 5 0 BEsERS 3
o THHESINE TP 252 L/24%, LQTS
EFLTIE, IhHREEIER S Rhorz /2
2L, 23y IULoFHIMGEES, EEELH
WA TOLH umol/LTHAEI L ZEBICANS
&, LQT3BHEIZBU 23R IHEFETE¥, LQTL
ELQT2ZEEIIBWTOR, FEIEEHTHBIN
PHAEIREE RSN BELEZ SN,

2. BEMEEHEMNERERV ERAICEITS

K*F v X VEOZEOFIME

BAHME B E L (monophasic action potential -
MAP) i, BERAEBFENRERIZIF—FVERE
DARICH LAY, 7405 —BEIETAZEICE
D, O BT OEB BTG R8T HiETH L.
ZOHEZHNT, ERELQTSEZ® APDIZN

TAH5IAT IV NOMBRERFATHRI LY. X

BAREMEICH L CREIBRZEHOBEVLQTIAE
T, LER=Y AL LREE —2 L L (eycle
length = 500 msec), HFEEI2FELERE &I
BEBIU/IRBEZED2, 3#FT, MAP 2
FERL72(®2)., I hu— VRS QTREOE
FRIZ—FHL T, 90% MAP F#the B (MAPDg) DIE
BaBoln, ZERMBENBEOZE A 7Y vk
Hig (01 pg/kg/min)iZ& D), EHICIhSLOEE
2RO, EHRICL o TIZRBERSME (early
afterdepolarization | EAD) #® hump 25588 S iz
(F2). $7, LEHGERNLORELEED
MAPDg D7 CTd A MAPD,, dispersion d ¥ 37 1)
CREAEICLIEALL(K2)., ATy v E
FRft Rl LK C= 25 » UV (01 mg/ke) % #E
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L7z 2 A, MAPD, D4fE & EAD D4, MAPD,,
dispersion DE A Z B0z (F2). X512, BERE
D7UTZ//0—- N (0lmgkg) #EIEL-E A,
INLOEEIa PI—~ L LNV ETHEL -
(E2). ZoRIE, K Fv AVEFEDOLQTL TIE,
AR X ) APD R QTR RIS EHICER
L, EADPHIE TS L9 RRETIE, K*Fy il
MOED=a5 Y I NOEEENE 2 L 2RT
LDOTH5.

D EDFEBRNB XITCERNEE,S, K'Fx 3
VHROE (a5 I M) iE, NanF Y 2 VEBED
LQT3TIAMEIZMETEX 2w, K'F v 2R
FOLQTIRLQT2 CIIFMESIRETE 5. HiC,
LQTI TII ARSI X 2 F W% QTR O
B TP RO BHERICIE, —a5 VN ofEE
X5 QTR D FEHER TdP DM BRARIE S h7x.

. BrugadafEfER

Brugada JEBEEE, V.06V, (V) HELBERILC
BlF 5 coved T ¥ 7z it saddle-back Bl D ST &7 &
VEZEREL, oL LBENETZ2E0 B VE
BThrow,

BrugadafEfE#E TIX, 19984 IZLQT3IRISERK 4
LQTS DREEBZETF T & 5 SCN5A DRI DT
WEINL?, DnREE, LQT2OEREETFTH
% KCNH2 DR % 5 Brugada FEGEREZR R A
HFEINZW, FRLURNICHE S E—-0EREE
FIZSCNSATHH Z &, F7:SCN5ADIEERMFEZE
SN5 DI Brugada EBHBED 18~30%I12T X
T ERL, BEFEHREBRFEELOBEEORKR
CRE S i M- (A PR AL

1. FKERMYBrugadaERHEE T ILICL 3 H9F#Ea

EREEFIRE

Brugada EBERHEE THRE SN TS SCNSALER
IZHBS LR E L fast Na " BIEDO A (loss of
function) TH Y, THERFENLST AR VF %
EORBE L OEIZ, BELOHHBRO RSB
HECTHBANT LR 2 &A%, BIRERAZOHWR
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B. Epinephrine (0.1 ug/kg/min)

i ’L A ' L
| N xwfi,\ e
;‘y'i QT=400 J ”/. QT=500 J
s‘ ’\_‘ it \\‘
1

A. Control

4
7

\f1 "!/\-\AJ

1 i A s
Tl
V3 J‘/"-\J § e Af -~ L’I
"
l: —
S ~
RVOT 320 \\ 390 \\
MAP \ A N
SR \ T \“\
e \\\
RV N\ \
sep 335
MAP 310 \\_ \\
~ [
kﬁ\ﬁg 335 \ 405\ 4
~— _J N \./J N
Dispersion
of MAPDs0 % i

C. Nicorandil (0.1 mg/kg)

> . D. Propranolot (0.1 mg/kg)
during epinephrine

during epinephrine

j fl - : i
e h {.M”.\Pﬂ/ j‘,«\\“‘mﬁ&j }3 P e J/J*\
L W QT=431/\} 1/ ar=as0
i . i H i
M\"’J % ;K"““"J ’ J/’“ \\M,,,}! ix r_,,M\V.Jf
/ . (‘,(
L .
- N
230 \\ ——e A s \w\
D N
L -
[N N
310 \\\ f 310 \
. A \\,,_N'/_ SR N/i ——
\F\\ ,f\\
5 340 325 \
L | \\_h — N
500 msec
30 15

H2 LOT1REREQTEREEEREEREICHS VT, HEMEHEM(MAP)RESHRICIER 7Y X REICLYE
B U - REISE 54 (EAD) & MAPEHIEICH T3 KV F v 2 VHOR(Z 275 > D) & BERE(TO

75/ O—-I) DR

FESSEEEHOCERO V., V.5, HEHHERVOT), HEHE RVsep) B L UESRE LVIat) OMAPZ/RY. 2> ho—ib
IR EADIZED 2 WAS(A), DY A 7Y ¥ AEHE O] gg/kg/min) 2L D V,HEEOMBE LA TESFRSIC-—E L TLVIat
MAP I EAD 2S804 S L (2HD), TSR [RIRBAL D 90% MAP HaBeiF B (MAPDw) 13 335 msec 20 5 405 msec ~ & BFRHZIER L Tws
3(B). =39 ¥ (01lmegke) BIEIZE D EADIZMEL, ZELOMAPD. B L CQTEEIZESRL (O, S6i27/u7r37 /u—
N (01lme/kg) BEICE DIy FO— VEBEOREIZEL TV (D). MAPDkdispersion id ¥ 37 Y52 L Y 25 msec i H
70msec AL, =I5y YMCE D0 msee™, TUT T O— i) S 5215 mesec~EHHA LTS, (9 X Y 5H]

A baseline B The Tearps Thee Thes Hoar Ha
Epi "Loss of dome" in Epi
/ Epi
Endo Endo
AP e AP
P
J wave
ECG

f

ST elevation

3 BrugadafEfEEICH 135 ST LEDHERE
AXER.

24

Z AV EER Brugada EER £ 7 VI X 2 HETD
SHOME R W (RB). $4bb, STEAZX
i JEOMBIEEEOIIEMRIS BT 5 —B
i) & B (L) (S BEE U 72 (G B AL 55 1 4 notch A7
L, L Mhosm s KB (I, Lk ATPEZHE
KB (Tear) 22 &) 258800, £ 7213910 & BT (Teas
fast I) A4 L7254, OFHEMRED notch A3 S
HIZEL 2 D) dome ANH LT 5 (loss of dome). Lo
B TIE I L) RELSEZ 5wz, LA
B - DB CRE RBEMAGRSELD, JES
IV ZHICE&H L STEHSP LET 5 (K4)7.
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A B

dome(+)
oy M l 50 mv
Epi1 — it

Phase 2 reentry

Epi 2
j\/\m{‘\“ l 50 mv
Endo —
Polymorphic VT
1.0 mv
ECG -(\/--
T 500 ms

Coved-type ST
elevation

4 BIGEREEOHIR ISV Tl ERMED
TINTzF T L Efast WLEREOELS A
Z FEBWTER L 7= Brugada SEREE T 5L
WERh, BT L O05ERIRL2 4 T (Bpi 1, Epi 2) B X O
MR (Endo) IS8 EA & LB (ECG) »EIR T R
5 (basic cycle length = 2000 msec).
A D Epl 1 TIZIEWEEENE 1 #notch & dome & EH,
Epi 2TiddomeZsHR L THY, Endo DENAEIZLY,
ECG k. Brugada SEBEH I % coved BID ST LR % 8o
5 (RED.
B ! Epi 1- Epi 2B TOEMARIZ &L - T, phase 2 reentry
LY SR LEFENFIBTREINTHD (HE).
(R 13) & W 51H)

VF D5 & & & 2 5 05, BT 504
N HE e B350 dome H3H R T A MlIHE & dome 3R 72
no MR 556, WOIMVEMEE CH B
B D35 7 F 38R U THLET 5 phase 2 reentry &
W DY TV a rpPEFREELORTVWA
(E4)®. 25612, REOEBEMERSHEELHV
REEREXT y ¥V SEIC L ARETS S, VESE
WY A0, MBOHESBEFICMA T, BE
DS (GE) BREPUELRIEPFHL N E 2> T
EAL

2. BrugadafEEBICHE T E KT F v RILEDOED

SR

Brugada SR O 5 F Ml E R A B AR K

5, #v POSNMEERL RS2 EHL, FH
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2 Brugada#kST LEIERD H % EH| (X4
Brugada fE1EE%)

1. MAREERRSE
(1)Na*F v FJLiERTEE
le BH R gEREE
TUHAZF, EVSHAZR, TNy /o
la BE R IREE
FIORYL, TAACLTIR, SUESIR, x>V
(2)Ca** F v R IVERTEE
NS/
(3) B ¥ERRZE
Tarvs/oa-nné

2. MBESE
(1Ca**F + F JVERTEE

7V, UNFTEL
(2)FRREEREE

HEEA VY VYAE R, vy >
(BIK*F v 2 JLVEOZE

Zas>ia

3. FEETHEE
(NEZBRM S 0F
FTIRIUTFY, JHMITFY L, desipramine, 703
TSILHEE
(2)mEBRIA D DE
x7aFyLig ¥
(3)7x /FT I HEEK
NT I RE
(4380 b= EBERYAAHEEE
fluoxetine & &

4. T

MEX %3 > H SRR ERE
A RYF—RRE

(23K v hiE

B FHL

UCHk1D), 17 & b 51H%EE)

EAL8 1M notch ¥ K L loss of dome 5[ &4 L
T, BrugadafERFFORBIM 2 E & 50 feMHs
HbH. TORENLRIEFRNS, 7% fast LoEREE
ZHL, BWRABRL L CBrugada EEHROZHTICD
HoOoh b eHAERETH LY, —F, IcBHR
TEREDIZNICH, 2y PONMEERZBHR S
EAHEMEADEANTLY, Brugadafd ST FHR VE
PRSI ESNZLOWMELHY (F2)w», HK
T Brugada SEERE & 5\ Z B KM Brugada LB &

WIHEETEENODH LY,
K*F v 2 VO X 5 Brugada fEBEESDH 5 W0
¥ Brugada LEMDBEEMOBME IO TV
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A Control B Pinacidil (2.5 uM} C+ Quinidine (5uM)

N K
50
Endo mV
J@&_ N
mVy
mVv
//32 M

ECG | 1
X / mv

Epi 2

T 7‘5‘7

200 msec 200 msec 200 msec

5. BifRERAS DA IC & % BrugadafEBRRFET VICH
% K*F + 2 JVBIOZE (pinacidil) NEEEE X =2 OFHE
LPESIRE (Bndo) 1 # BT, OFMERRRL2 » BT (Epi 1, Epi 2) OEEIEA &L
ZX(ECG) DFMEEEE% R ¥ (basic cycle length = 2,000 msec). Pinacidil
(25 pmol/L) R DT, EHEKBE20sec T ORMN ST E
REDLELOTHL, T b — VRS, (LIUEMR TOAE Y notch
FED, LPEMIEE OBMARICL Y ECCLIHE%E® 5 (A). Plnacidil
12LY, Epi 18X UEpl 2 Tnotch?MEL %0, S 561CdomedNHEL T,

ECG RIZJ kA EE L-%ST LREZBDO TV A B). —BMsE & EH (L)
SEMERAET L5323V 2 (5 umol/L) 2 X 1) notch A8 %, domeSHIEL

T, ECGEST EREEYEL T 5 (O).

7S, BIRIEGA 08 R % v/ £5K Brugada
EBEREFIV T, K™ F YAV B pinacidil 12 &
DST LA HETLIZEIHEINTEY ()Y,
¥1Z Brugada EEBBRE CIX, K F v A VEDOE
DFERCH 7o TREETLILEND 5.

V. £ & &

FERELQTS TIE, WTHOBEFETH A b
ONAEBHEIPRITHZ LI Y APDB L UQT
BEPEETS. 2040, HFIK Fy A NVEE
DLQTIB LU LQT2 T, FEHZQTHMOEER
B TAP BERFIC, FICEFEETK Fy A VHEHO
EOEMELHEEENS. —F, BrugadafEfE#HT
&, HChy PO EERSERTHILIZLD
STERZEORBBMPEETLIIENG, K'F v
A OVEI8E X Brugada EBEHF v BEIELD, Ih
26

(wk14) £ Y5 ASE)

FEMAL S ARSI D S (KM Brugada i
BE).
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Editorial

BREEIEM SRR DER &£ ST-THOBRE

DEBEMEDOST-THIE, QRSIEDRDL Y 256 TR
O Y EFTOMTESL, QRSEERE T E—F
CHICEBETATHE, THICHIERSTHS, B
UTHEA»SHEERESNE. 25617, REEEME (%
ESTHH) LM FESBHE STEYM & T 200
BIELTESL, QRSEORED, FIZIEER 7T v
yRERTaY 20X, LEHOMSE(EE
{738) DMERE (V37 — V)2 & ) W ER L 23w
DIZH LT, ST-THORERZ, LEHEBULOE
SHEBBOERTRBTLIDOTH LI EIXEARL
HETETH, TAPERIZBED L HITST-TH
WRBERTHEPREELSAHTH 72, LEH
BoBMCB 2BNAEOERICE, OREE O
I, AREEZE, TREEEMBELBELREDL
ZH D2 A (spatial) ML OEWIT L AIEEEMN
OB GHEET 5.

—77, 19914E1Z Sicouri & AntzelevitchiZ X 9, A
XLEHPBIZB W CEBEMRFIEE (APD) D&k
\» mid-myocardial (M) #Ifg DFFTEA s S LT LISk,
OAMERIRE A & MAIRE, & SIS OPIEHRIC T
OEBENEOEE)EM BB (transmural voltage
gradient) PEETH LI EPHEHLPE o720 R
JE R LEN T, A2 HHEOBMZ BT 5V,
V.55, FEHHBOEMERET SV, V.HEl
COHEBFELER T, ST-TEOKRKICERENYE
EEEMARNSEELEZZ 5NE. MMlEIE, WHE
2L OAMER R LA IRER & K9 5 2 &
TERVED, WERKZOEEZEHIRTIER
bdHb. Lal, REN(EREBER, EHFER)

JPN. J. ELECTROCARDIOLOGY Vol. 26 No. 2 2006

]

VAEBER Y vy —OBIILERE BK W

Wik, RIREE R 4 O AN L TEIRWIZAPD
PEEL, REH#HSE(EAD) & & ORE HEREN
FRINPTVHBEE (MMR) 2EET A2 L1,
BROHRETHIEHEEIN TV S,

BHESBHEO T, HHEMLL LV TIE—B
P & K B (L) 12 X 5 % 1 #lnotch DEEMHIC—

Endo

— 1
200 msec %k Tend

Tpeak-end = Transmural dispersion

BRERAEE DGR £ BV - BREF S ER
Bl& Jilk, ST-TIEDRER

LA (Endo) g, MARR, LSHE (Epi) Mifa 0SB B &

LERN(ECG) »RIE ST Ry (AXBH).
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35 ("), E1Mnotchid, BEEEOIL OERE
ErREBLT, MMEMETRLRE L, MAlRT
BHhEETH), LHABEMETIRIZLAERD R
(&), ZoOEBEEOE I Hnotch#oOBEMAEIS
I JEAEEENS (F)., H< A5 0sbornikd L
TEFARBEICRDHZHEALTRE, BERIZE
D LA L, OHVEMAEO notch S RTHZ &
CkarEEZONS. BHEWWEST LH & OEME)
%208 5 Brugada EEEETIE, DWW EF CHES
NZEEBETFIENaF ¥ A NVEETFDSCNSAD
HTH o2, FORBIIEFHEMMEHEOLIZL
BIEPHEET S, Thbb, HHEMEIHETL
RABOS E K- BRAEM, FXNEEERD
BT BHE, OEMALO & Tnotch 238 512
Wz, DAME-OCHBEMRE COREBEESE
A ART 57201 JEEZ D7 ST OWMMET
PEETLEEZLNTVD.

—F, BHESBAEOST-THICIE, HFEEME
2~3H (7T F—H) OBBEEEHEMAIRIES
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LTwa(H). E¥TEOEE, LIEMEAPD
PERET, DABETOMMBAPDEELRDY,
L EAIRL APD 1 MARR & DA EM s O & 7
5. B THECREEERO MM OB,
THESEREOLIEMROBIBRIZI—ET S
(B). Zofzd, TEES?S TERREE TOR
M (Tpeak-end) &, € OFELITET 5.L0EHH
WOEBRERSBEERO/YT Y F (transmural
dispersion of repolarization : TDR) % B9 % & &
ZHNTWwa(HE, *). QTERERR (LQTS) I,
BUEBESBEHOEEICIZERTH L. BRE
LQTS Cix 82 #EETEMNHFESZT N TS, v
THOBEFIIZBVWTY, FHEN ST b—HIC
BT BAME EBIHARAD, F/23NME & BRAER
THILICLHAPDRQTHRHEAFERL, 5K
EADZHREEN, TDRAEAWERIT H I LITLD
torsade de pointes BlOZ B LEHTPFR I NS
EEZLNTWS.
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