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Table 3  Incidence and univariate analysis for the induction of ventricular fibrillation in the control study.
Variables n Incidence Univariate analysis
Number of patients OR 95% Confidence intervals p
with induced VF (%)
Symptoms 15 10 (67) 2.28 0.70-7.43 0.173
Syncope 22 11 (50) 0.96 0.36—2.59 0.943
Family history 13 8 (62) 1.70 0.50-5.77 0.392
Type 1 ECG in control 20 16 (80) 5.91 1.75-19.96 0.004
Positive in late potential 37 25 (68) 3.87 1.50-9.97 0.005
Type 1 ECG after pilsicainide test 45 34 (76) 16.69 5.17-53.87 0.0001
MaxAST elevation (=200 V) 38 30 (79) 12.50 4.25-36.75 0.0001

Symptoms: documented VF and/or aborted sudden cardiac death; syncope: syncope from unknown etiology; VF, ventricular fibritlation;

OR, Mantel-Haenszel odds ratio; ECG, electrocardiogram.

Electrophysiological stimulation test in subjects in
the control state

EPS was performed in all subjects. There was no signifi-
cant difference of the ERP in the RV apex at BCL 600 ms
(239+13ms vs. 245+20ms) and 400ms (220+14ms vs,
220+ 17 ms) between the Brugada group and non-Brugada
group. Furthermore, there was no significant difference in
the ERP in the RV outflow tract at BCL 600ms (234 +15ms
vs. 242+20ms) and 400 ms (222+17ms vs. 226 :20ms)
between the Brugada group and non-Brugada group. There
was no significant difference in the ERP in the RY apex and RV
outflow tract at BCL 600 and 400 ms among the subgroups of
the Brugada group as well as those of the non-Brugada group
(Table 2).

Induction of VF. VF was induced in 73% (33/45) of
patients in the Brugada group and 13% (4/32) of patients
in non-Brugada group. Inducibility of VF was significantly
(p<0.0001) higher in Brugada syndrome than non-Brugada
syndrome.

In the Brugada group with induction of VF (n=33), VFs
were induced by single ventricular extrastimuli (n=0, 0%)
and double ventricular extrastimuli (n=15, 45%) from RV
apex and/or RV outflow tract. Further, VFs were induced by
triple ventricular extrastimuli (n=18, 55%). VFs were more
frequently (p=0.009) induced by pacing from RV outflow
tract (n=27, 82%) than from RV apex (n=17, 52%) and they
were induced by triple ventricular extrastimuli from both
pacing sites {n=11, 33%).

In the non-Brugada group with induction of VF (n=4), VFs
were induced by single ventricular extrastimulation (n=1,
25%) and double ventricular extrastimuli (n=1, 25%) from
RV apex and/or RV outflow tract. Further, VFs were induced
by triple ventricular extrastimuli (n=2, 50%) from the RV
apex (n=1, 25%), RV outflow tract (n=2, 50%), and both
pacing sites (n=1, 25%). Note that the inducibility of VF
was significantly (p=0.04) different among the subgroups
in the Brugada group, but not the non-Brugada group. The
inducibility of VF (94%, 16/17) in comprised symptomatic
patients (symptomatic and syncope group) of the Brugada
group was significantly (p=0.008) higher than that (61%,
17/28) in the asymptomatic group of those with Brugada
syndrome.

A univariate test was conducted on the clinical exami-
nations for induction of VF and those results are shown in

Table 3. Type 1 ECG after pilsicainide test, the maxAST
elevation (2200 nV), type 1 ECG in control, and positive
in late potential had relatively high odds ratios and signif-
icance values. However, the multivariate analysis using the
linear regression model evaluated the association between
baseline clinical factors and the induction of VF, The results
are displayed in Table 4, including the odds ratios and
95% confidence intervals. Symptoms indicated the high-
est odds ratio (odds ratio 31.6; 95% confidence interval:
2.3-430.6; p=0.01) followed by type 1 ECG after pil-
sicainide test (odds ratio 21.3; 95% confidence interval:
1.67-272.3, p=0.02). Syncope (odds ratio 13.5; 95% con-
fidence interval: 1.2—158.8; p=0.04) also was a significant
variable associated with induced VF. However, a family his-
tory of sudden cardiac death, type | ECG in the control,
positive of late potential, and maxAST elevation (=200 uV)
did not show significant association with induction of VF.

Follow-up study

ICDs were implanted in 18 patients in the Brugada group
(9 symptomatic group, 6 syncope group, 3 asymptomatic
group) and in 4 in the nen-Brugada group (1 symptomatic,
3 syncope, 0 asymptomatic group). Appropriate shock was
delivered in only one patient of the symptomatic group in
the Brugada group during the average observation period of
43 + 14 months. No appropriate shock was delivered to the
rest of the patients.

Discussion
Subjects

The subjects in the current study underwent EPS for the
diagnosis of Brugada syndrome or risk stratification for
patients who had a family history of Brugada syndrome and
for the further examination of Brugada-like ECG and/or
palpitation and/or syncope. The standard right precordial
leads (V1-V3) and an additional six right precordial leads
that were located one or two intercostal spaces above
the standard right precordial leads (V1—V3) were used for
the diagnosis of Brugada type ECG because some patients
showed type 1 ECG in additional leads even when nor-
mal ECGs were seen in the standard right precordial leads
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Table 4 Multivariate analysis for the induction of ventricular fibrillation in the control study.

Variables n Multivariate anatysis
OR 95% Confidence intervals p

Symptoms 15 31.6 2,3-430.6 0.01
Syncope 22 13.5 1.2-158.8 0.04
Family history 13 0.4 0.06—2.8 0.37
Type 1 ECG in control 20 1.3 0.3-6.7 0.76
Positive in late potential 37 1.9 0.5-7.4 0.36
Type 1 ECG after pilsicainide test 45 21.3 1.7-272.3 0.02
MaxAST elevation (2200 V) 38 5.9 0.7-39.3 0.1

Symptoms: documented VF and/or aborted sudden cardiac death; syncope: syncope from unknown etiology; OR, odds ratio; ECG,

electrocardiogram.

(V1—=V3) [6]. A Na* channel-blocker challenge test using pil-
sicainide can unmask intermittent or concealed Brugada
type ECG. However, there is still controversy regarding
whether these drugs are specific for Brugada syndrome.
Thus, in our study, only type 1 ECG was regarded as Bru-
gada type ECG after the Na* channel-blocker challenge test
to avoid an overestimate of Brugada syndrome.

Our study showed Brugada syndrome was more com-
mon in males (male:female =12:1), however, there was no
significant difference between the Brugada group and non-
Brugada group.

Family history may be one of the major risk factors for
sudden cardiac death in patients with Brugada syndrome.
In our study, in 22% of the Brugada group had a family his-
tory while 9% of the non-Brugada group did as well. However,
there was no significant difference in the prevalence of fam-
ily history among the subgroups of the Brugada group. This
may suggest that family history has a relatively weaker rela-
tionship with the risk of fatal cardiac events than expected,
which is consistent with the findings of a meta-analysis of
prognostic studies of patients with Brugada syndrome [22].
Gehi et al. [22] suggested that a history of syncope or sud-
den cardiac death, the presence of a spontaneous type 1
Brugada ECG, and male gender predict a more malignant
natural history. They did not recommend the use of a family
history of sudden cardiac death, the presence of an SCN5A
gene mutation, or EPS to guide the management of patients
with a Brugada ECG.

Recently, the Brugada syndrome investigators in Japan
[23] reported that the long-term prognosis of probands in
non-type 1 group was similar to that of type 1 group and
that the presence of early repolarization was also a pre-
dictor of poor outcome, which included only probands with
Brugada-pattern ST-elevation. Note that the criteria of Bru-
gada syndrome in this study was J point amplitude more
than 1 mm in the right precordial leads (V1—V3). Those find-
ings suggested that it was difficult to discriminate high-risk
patients only by using a standard 12 ECG. Further examina-
tion will be needed to solve this type of issue.

Electrophysiological characteristics in patients of
Brugada syndrome

There were no significant differences in the incidence of
type 1 ECG and the types 1—3 ECG in the control and those

after the pilsicainide test, maxAST elevation after pilsi-
cainide test and positive in late potential among subgroups
of patients with Brugada syndrome (Table 2). There was no
significant difference in the ERPs at the RV apex and RV
outflow tract at BCL 600 and 400 ms between the Brugada
and non-Brugada groups, and among the subgroups of the
Brugada group as well as those of the non-Brugada group.

The inducibility of VF was significantly higher in those
with Brugada syndrome than the non-Brugada syndrome
patients. This may suggest that the inducibility of VF is help-
ful in identifying individuals at risk of fatal cardiac events,
as noted in previous reports [13,24,25]. However, recent
large-scale studies [16,17,26] and a meta-analysis [22] on
the prognostic studies of patients with Brugada syndrome
did not support the usefulness of EPS. A low incidence of
arrhythmic events was found in a large Brugada syndrome
population [27], with an annual event rate of 2.6% during a
follow-up of 3 years. The different results may be caused by
the different methods in the stimulation protocol, end-point
determination, and/or criteria for positive EPS.

The clinical implication of EPS for the risk stratification
in patients with ischemic heart disease and low LV ejection
fraction is relatively clear [28], but the usefulness of EPS for
the risk stratification in patients with a Brugada ECG remains
controversial [14,15]. Though the induction of VF during EPS
suggests the existence of electrophysiological substrate of
VF, the incidence of spontaneous VF is low in patients with
induced VF in asymptomatic Brugada syndrome. One of the
reasons is that the spontaneous VF in patients with Brugada
syndrome depends mainly on the trigger factors rather than
the existence of substrate. However, the existence of VF
substrate is also important. Therefore, variables associated
with VF induced during EPS in patients without apparent
organic heart disease also important. If there is no VF sub-
strate, the spontaneous VF never occurs. It is presumed that
negative VF study indicated no risk of VF at that time.

Factors of VF induced by EPS

The univariate analysis indicated the induction of VF in
patients without apparent heart disease had a relatively
strong relation with type 1 ECG after pilsicainide test,
maxAST elevation (=200 V) and type 1 ECG in control,
because those factors had a relatively high incidence in
patients with induction of VF. However, the patients in
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our study had many complex backgrounds that have some
effects on induction of VF. Therefore, we should use the
multivariate analysis to determine what variables were inde-
pendently associated with induction of VF during EPS in
patients without organic heart disease.

A linear regression model was used to identify any inde-
pendent predictors of the induction of VF during the stimu-
lation test. In this manner, the independent predictive value
of the relative risk to the induction of VF could be assessed.
This analysis showed that symptoms (documented VF and/or
aborted sudden cardiac death) had the highest odds ratio.
This result is not inconsistent with the general consideration
that a history of VF and/or aborted sudden cardiac death is
the strongest variable to indicate the existence of substrate
of VF in patients without apparent heart disease. Syncope
also showed relatively higher odds ratio. This result is also
not inconsistent with the general consideration.

Note that type 1 ECG after pilsicainide test also showed
high odds ratio in a linear regression model, but not type
1 ECG in control. Type 1 ECG after pilsicainide test, itself,
indicates the diagnosis of Brugada syndrome in our study,
therefore, the diagnosis of Brugada syndrome itself is strong
association with induction of VF during EPS in patients with-
out apparent heart disease. Type 1 ECG after pilsicainide
test is superior to type 1 ECG in control for the diagnosis of
Brugada syndrome, because pilsicainide unmasks the con-
cealed or intermittent Brugada syndrome. Since the odds
ratio shows the relative risk, it is certain that type 1 ECG is
important for the diagnosis of Brugada syndrome.

A family history of sudden cardiac death, type 1 ECG in
control, positive of late potential, and maxAST elevation
(2200 .V) and more did not have significant association with
the induction of VF.

These findings suggested that symptoms, syncope, and
type 1 ECG after pilsicainide test were independently associ-
ated with the electrophysiological substrate of VF in patients
without apparent heart disease.

Study limitations

There were several limitations to our study. First, the sam-
ple sizes in each group were relatively small, because the
subjects were divided into nine groups on the basis of
Brugada type ECG and symptoms related to lethal ventricu-
lar events and/or brain ischemia. Second, long observation
after EPS was not analyzed, because of infrequency of car-
diac events. Third, a comprehensive genetic screening was
not performed on all patients. Although this may have been
ideal, genetic testing is of uncertain yield and is costly.

Conclusions

The electrophysiological characteristics of induced VF
in patients without any apparent organic heart disease
were assessed. The electrophysiological characteristics in
patients with Brugada type ECG were a high inducibility of
VF, relatively lower inducibility of VF in patients with asymp-
tomatic patients, and no relationship with the family history.
The multivariate analysis revealed that symptoms, syncope,
and type 1 ECG after pilsicainide test were independently
associated with the inducibility of VF.
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EDITORIAL COMMENTARY

Diagnostic value of bipolar precordial leads in Brugada
syndrome: More accurate, more simple, or more theoretical?

Wataru Shimizu, MD, PhD

From the Division of Cardiology, Department of Internal Medicine, National Cardiovascular Center, Suita, Japan.

In 1992, Pedro and Josep Brugada first described eight
patients with a history of aborted sudden cardiac death due
to ventricular fibrillation (VF) and a characteristic ECG
pattern, consisting of right bundle branch block and ST-
segment elevation in the right precordial leads (V,-V3), as
a distinct clinical entity.'"® The presence of right bundle
branch block thereafter is considered not to be required for
the diagnosis of Brugada syndrome, although mild-to-mod-
erate widening of QRS duration often is observed.* Two
specific types of ST-segment elevation (coved-type and
saddleback) are observed in this syndrome, and the pattern
and amplitude of ST-segment elevation often are dynamic.”
Coved-type ST-segment elevation is more frequently rec-
ognized just before and after episodes of VF*'® and is
reported to be related to a higher incidence of VF and
sudden cardiac death.!! The Second Consensus Report pub-

lished in 2005 emphasized that type 1 ST-segment eleva- .

tion, which is defined as a coved ST-segment elevation =
0.2 mV at the J point with or without a terminal negative T
wave, is required to diagnose Brugada syndrome.’ Type 2
and type 3 ST-segment elevation, which have a saddleback
configuration, are not diagnostic for Brugada syndrome.

ECG recordings of leads V; and V, at higher (third and
second) intercostal spaces have been reported to increase
the sensitivity of ECG diagnosis in detecting the Brugada
phenotype.>'?>!® We recently suggested that patients with
type 1 ST-segment elevation recorded only at higher V-V,
leads showed a similar prognosis for subsequent cardiac
events as did recordings from standard V,—V, leads."*

An experimental model of the Brugada syndrome using
arterially perfused canine right ventricular wedge prepara-
tions'®>'® and several clinical studies'® have suggested the
cellular mechanism of Brugada phenotype, ST-segment el-
evation, and subsequent VF. A transient outward potassium
current (I, ,)-mediated phase 1 notch of the action potential
(AP) is greater in the epicardium than in the endocardium in
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many species, including humans.? A net outward shift in
current active at the end of phase 1 AP (principally I,, and
L-type calcium current [I-,]) can increase the magnitude
of the AP notch, leading to loss of the AP dome (all-or-none
repolarization) in the epicardium but not in the endocar-
dium, contributing to a significant voltage gradient across
the ventricular wall and producing ST-segment elevation in
the ECGs recorded from wedge preparations.!*® In the
setting of coved-type ST-segment elevation, heterogeneous
loss of the AP dome (coexistence of loss of dome regions
and restored dome regions) in the epicardium creates
marked epicardial dispersion of repolarization, giving rise
to premature beats due to phase 2 reentry, which precipitate
VE.’>"'® The Brugada syndrome seems to be a clinical
counterpart of the mechanism of all-or-none repolarization
in the epicardial cells and phase 2 reentry-induced prema-
ture beats between adjacent epicardial cells. Therefore,
higher sensitivity for ECG diagnosis of Brugada syndrome
by recordings of higher V|-V, leads is expected to be due
to a higher or wider distribution of abnormal epicardial cells
in the right ventricular outflow tract area in some patients
with Brugada syndrome.

In a study reported in this issue of Heart Rhythm, Batch-
varov et al?! hypothesized that a bipolar precordial lead with
a positive electrode at V, and a negative electrode at V, or
V5 (subtracting lead V, or V; from V, [V, _4, V,_5]) could
detect with greater sensitivity the diagnostic type 1 Brugada
ECG than could the standard unipolar V, lead. They retro-
spectively analyzed a digital ECG database recorded during
diagnostic ajmaline testing in 128 patients with suspected
Brugada syndrome. During 21 positive ajmaline tests, the
type 1 pattern was observed in the higher V, lead (third
intercostal space [V,,]) during 20 tests (95.2%) and in lead
V, during 10 tests (47.6%). The type 1 pattern appeared in
lead V,_, or V,_s in all tests when it was present in V, and
in seven tests during which it was observed in lead V,, but
not V, (total of 17 [81%] tests). In contrast, the type 1
pattern was observed in lead V,_4 or V,,_5 during 2 (1.9%)
negative tests and in 1 (0.5%) healthy subject. The au-
thors concluded that bipolar leads V, 4, and V, 5 were
more sensitive than the standard lead V, for detection of
the type 1 Brugada ECG pattern but were less sensitive

- than the higher lead V,. Regarding the mechanism un-

doi:10.1016/j.hrthim.2009.11.005
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derlying the type 1 Brugada ECG pattern in the bipolar
precordial leads, the authors speculated that leads V,_,
and V,_; reflect the voltage difference between epicardial
cells in right ventricular outflow tract regions and those in
left ventricular anterior regions. This may be true because
left ventricular epicardial cells show an intrinsically smaller
phase 1 AP notch than do right ventricular epicardial cells.
The precordial bipolar leads (V,_, and V,_s) can be derived
from standard 12-lead ECGs with the help of a software
upgrade. This may be a major advantage of this method
because recording of higher V,—V, leads would require an
ECG recorder capable of simultaneous acquisition of 14
leads. The clinical significance of the precordial bipolar
leads can be meaningfully established in relation to the
presence of symptoms or arthythmic events. It is possible
that a much larger number of ECG recordings will be
investigated in retrospective fashion to establish the diag-
nostic value of the precordial bipolar leads (V,_, and V, )
in patients with Brugada syndrome. A prospective study
would be required to confirm the prognostic value of the
precordial bipolar leads.
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How the knowledge of genetic “makeup” and cellular data can affect
the analysis of repolarization in surface electrocardiogram*
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This review article sought to describe patterns of repolarization on the surface electrocardiogram in
inherited cardiac arrhythmias and to discuss how the knowledge of genetic makeup and cellular data
can affect the analysis based on the data derived from the experimental studies using arterially
perfused canine ventricular wedge preparations. Molecular genetic studies have established a link '
between a number of inherited cardiac arrhythmia syndromes and mutations in genes encoding
cardiac ion channels or membrane components during the past 2 decades. Twelve forms of
congenital long QT syndrome have been se far identified, and genotype-phenotype correlations have
been investigated especially in the 3 major genotypes—LQT1, LQT2, and LQT3. Abnormal T
waves are reporfed in the LQT1, LQT2, and LQT3, and the differences in the time course of
repolarization of the epicardial, midmyocardial, and endocardial cells give rise to voltage gradients
responsible for the manifestation of phenotypic appearance of abnormal T waves. Brugada syndrome
is characterized by ST-segment elevation in leads V1 to V3 and an episode of ventricular fibrillation,
in which 7 genotypes have been reported. An intrinsically prominent transient outward current (I,,)-
mediated action potential notch and a subsequent loss of action potential dome in the epicardium, but
not in the endocardium of the right ventricular outflow tract, give rise to a transmural voltage
gradient, resulting in ST-segment elevation, and a subsequent phase 2 reentry-induced ventricular
fibrillation. In conclusion, transmural electrical heterogeneity of repolarization across the ventricular
wall profoundly affects the phenotypic manifestation of repolarization pattems on the surface
electrocardiogram in inherited cardiac arrhythmias.

© 2010 Elsevier Inc. All rights reserved.
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Abstract

Keywords:

- Introduction

Molecular genetic studies during the past 2 decades have
revealed a link between mutations in genes encoding for
cardiac ion channels or other membrane components and
several lethal-inherited cardiac arrhythmias including con-
genital and acquired long QT syndrome (LQTS), Brugada
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syndrome, progressive cardiac conduction defect (Lenegre
disease), catecholaminergic polymorphic ventricular tachy-
cardia (VT), short QT syndrome, familial atrial fibrillation,
and familial sick sinus syndrome.! Among these inherited
arthythmias, the congenital LQTS is a Rosetta stone for
investigating the genotype-phenotype correlations, because
60% to 70% of clinically affected congenital LQTS patients
can be genotyped, and multiple genes encoding the different
ion channels or membrane adaptors have been identified.! In
comparison with congenital LQTS, causative mutations have
been less identified in other inherited cardiac arrhythmias
except for catecholaminergic polymorphic VT, in which
mutations in cardiac RyR2 gene can be found in approxi-
mately 60% of affected patients.! In Brugada syndrome, the
first mutation was identified in an a-subunit of sodium
channel gene, SCN54, in 1998.2 However, recent worldwide
cohort has reported that mutations in SCN54 gene can be
identified in only 11% to 28% of clinically diagnosed
Brugada patients even in experienced institutes.> Moreover,
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only 7 genotypes have been so far identified, and most of
mutations in genes other than SCN54 were found in a single
family or small number of families. Therefore, the genotype-
phenotype correlations have been much less examined in
genotyped patients with Brugada syndrome.' The purposes
of this review article were (1) to describe patterns of
repolarization on the surface electrocardiogram (ECG) in
inherited cardiac arrhythmias: congenital LQTS and Brugada
syndrome, and (2) to discuss how the knowledge of genetic
makeup and cellular data can affect the analysis based on the
data derived from the experimental studies using arterially
perfused canine ventricular wedge preparations.

Congenital LQTS (Romano-Ward syndrome)

Congenital LQTS is characterized by prolongation of
ventricular repolarization and trademark polymorphic VT
known as torsade de pointes (TdP).* Clinical diagnosis of
congenital LQTS is on the basis of prolongation of QT
interval in the ECG, cardiac events such as syncope, aborted
cardiac arrest or sudden cardiac death, and a family history of
apparent LQTS.? :

Genotype

Molecular genetic studies have revealed 12 forms of
Romano-Ward—type congenital LQTS caused by mutations
in genes of potassium, sodium, and calcium channels or the
membrane adapter located on chromosomes 3, 4, 7, 11, 12,
17, 20, and 21."! KCNQ! and KCNEI, o- and B-subunits of
the potassium channel gene, are responsible genes for LQT1
and LQTS, and their mutations result in a decrease (loss of
function) in the slowly activating component of the delayed
rectifier potassium current (Ig,). Similarly, mutations in
KCNH?2 and KCNE2, o~ and B-subunits of the potassium
channel gene, cause defects in the rapidly activating
component of the delayed rectifier potassium current (/x),
which are responsible for LQT2 and LQT6 forms. On the
other hand, mutations in SCN34, the gene encoding a-
subunit of the sodium channel, increase (gain of function) the
late sodium current (Zy.), responsible for LQT3. Mutations in
KCNJ2 encoding the inward rectifier potassium current (f;)
prolong QT interval associated with periodic paralysis and
dysmorphic features, underlying Andersen syndrome
(LQT7). A mutation in Ankyrin-B, a member of a family
of versatile membrane adapters, produces intracellular
calcium overload, which underlies LQT4 syndrome. CAC-
NAIC is a responsible gene in LQTS8, and mutation in
CACNAIC results in increase of the L-type calcium current
(IcaL), producing dysfunction in multiple organ systems,
including congenital heart disease, syndactyly, immune
deficiency, and autism, in addition to QT prolongation.
CAV3 encoding caveolin-3 and SCN4B encoding NayB4, an
auxiliary subunit of the cardiac sodium channel, are linked to
LQT9 and LQT10, respectively. Mutations in both genes
result in a gain of function of late ., causing phenotype like
that in LQT3. A mutation in AKAP-9, which encodes Yotiao
and assembles KCNQI, is responsible for LQT11. Mutations
in syntrophin-al (SNTAI), a cytoskeletal protein that

interacts with the cardiac sodium channel, are most recently
reported to be responsible for LQT12 with an LQT3-like
phenotype. In all 12 genotypes, decreases in outward
potassium currents (Ixs, Iy, ki) or increases in inward
sodium or calcium current (late fiy,, Ic, 1) prolong the action
potential (AP) duration (APD), resulting in prolongation of
QT interval, a common phenotype in LQTS. The 3 major
genotypes, the LQT1, LQT2, and LQT3, constitute more
than 90% of genotyped patients with LQTS."

Cellular basis of abnormal surface ECG

In 1995, Moss and coworkers® first suggested genotype-
specific T-wave morphology in the surface ECG. Broad-
based prolonged T waves are the specific T-wave pattern
observed in LQT1, whereas low-amplitude T waves with a
notched or bifurcated configuration are more frequently
observed in LQT2. On the other hand, late-appearing T
waves with a prolonged isoelectric ST segment are more
specific in LQT3. A series of experimental studies using
arterially perfused canine left ventricular (LV) wedge
preparations have revealed that intrinsic transmural electrical
heterogeneity of ventricular repolarization from the epicar-
dial, midmyocardial (M), and endocardial cells contributed
to ST-T morphology and the QT interval on ECG, especially
in the left precordial (V4-V6) leads, which are thought to
reflect the potentials of the L'V anterolateral wall.”'® Under
normal conditions, repolarization of the epicardial AP occurs
first and coincides with the peak of the normal T wave,
whereas repolarization of the longest AP in the M layer
coincides with the end of the T wave. Repolarization of
endocardial cells usually occurs between repolarization of
epicardial and M cells. The amplified transmural electrical
heterogeneity of ventricular repolarization associated with
differential modification of ionic currents in each cell type,
which is caused by mutations in each LQTS gene, results in
genotype-specific T-wave morphology in the ECG."%10

The cellular basis for abnormal T waves in the LQT]I,
LQT2, and LQT3 syndromes has been demonstrated by
pbarmacologic LQTS models using arterially perfused LV
wedge preparations (Fig. 1).781% A specific Ig, blocker,
chromanol 293B, and a B-adrenergic agonist, isoproterenol
are used to mimic LQT1.%!® Although Iy, block alone
produces a homogeneous prolongation of repolarization in
the 3 cell types, addition of isoproterenol abbreviates the
APD in the epicardial and endocardial cells but not in the M
cells, resulting in a dramatic augmentation of transmural
dispersion of repolarization (TDR) and a broad-based T
wave (Fig. 1A, E).® An I, blocker, D-sotalol in the presence
of hypokalemia is nsed to simulate LQT2.”'® I, block
preferentially prolongs the APD in the M cells than that in
the epicardial or endocardial cell and slows phase 3 of the AP
in all 3 cell types, producing a large TDR and a low
amplitude T wave with a notched or bifurcated appearance
(Fig. 1B, G).” Augmentation of late y, with ATX-II, a sea
anemone toxin, is used to mimic LQT?,.7’10 ATX-II increases
the TDR by greater prolongation of the M cell APD than that
of epicardial or endocardial cell APD. Moreover, ATX-II
also produces larger effect on the APD in the epicardial and
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Fig. 1. Cellular basis of abnormal T-wave patterns in LQT1, LQT2, and LQT3 syndrome. A—C, Electrocardiographic lead V5 recorded in patients with LQT1,
LQT2, and LQT3 forms of congenital LQTS. D-I, Transmembrane APs recorded simultaneously from endocardial (Endo), midmyocardial (M), and epicardiat
(Epi) cells together with a transmural ECG at a BCL of 2000 milliseconds in the 3 models of the arterially perfused canine LV wedge preparations.
Pharmacologic riodels mimic the phenotypic appearance of the abnormal T waves in all 3 models. Modified from Shimizu and Antzelevitch”® with permission.

endocardial cells, resulting in a marked delay in the onset of
the T wave consistent with the late-appearing T-wave pattern
(Fig. 1C, 1).7

Cellular basis of TdP

In the experimental models of the LQT1, LQT2, and
LQT3 syndromes using arterially perfused canine L'V wedge
preparations, TdP develops spontaneously or can be easily
induced by a single extrastimulus applied to the epicardium,
where the APD is shortest.”®!° In all 3 models, the first
premature beat that initiates TP displays a relatively narrow
positive QRS deflection, similar to that of the basic beats
which are stimulated from the endocardial site, indicating
that it originates in the deep subendocardium either in the
Purkinje cells or M cells. However, subsequent TdP is
thought to be due to reentrant mechanism, because a large
TDR is required to induce TdP, and TdP is most easily
induced by a single extrastimulus introduced at epicardial
cell, the site of the shortest APD.

Brugada syndrome

Characteristic of the ECG pattern in Brugada syndrome is
a coved-type ST-segment elevation (type 1) in the V1 and
V2 leads,'""!2 which is defined as an ST-segment elevation

displaying J wave or ST-segment amplitude of 0.2 mV or
greater with or without a terminal negative T wave. The
lethal ventricular arrhythmia is ventricular fibrillation (VF)
in Brugada syndrome,

Genotype

After the first mutation linked to Brugada syndrome was
found in SCN54 in 1998,2 a total of 7 causative genes
(genotypes) have been reported.'* Mutations in CAC-

. NAI1C or CACNB?2 encoding the o1- or f2b-subunit of the

L-type calcium channel were identified in 3 probands with
Brugada like ST-segment elevation associated with a short
QT interval. Functional studies for the mutations demon-
strated loss of function of I, 1, thus causing both Brugada
and short QT phenotype. Thereafter, a mutation in a
conserved amino acid of the glycerol-3-phosphate dehy-
drogenase 1-like (GPDI-L) gene was found in affected
individuals of a large Brugada family. The GPDI-L
mutation decreases SCNJA surface membrane expression
and reduces Iy, thus causing Brugada syndrome. A
nonsense mutation in SCNIB encoding a function-modify-
ing sodium channel Bl-subunit was then identified in a
family with Brugada syndrome associated with cardiac
conduction disease. Both phenotypes are attributable to the
loss of Iy, current when o-subunit (Na,1.5) of the sodium
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channel was coexpressed with the mutant S1-subunit. More
recently, a missense mutation in KCNE3, which encodes a
potassium channel S-subunit and interacts with Kv4.3
(transient outward current: /) channel, was identified in a
proband with Brugada syndrome. Brugada phenotype is
responsible to the gain of function of I, intemsity by
coexpression of the mutant KCNE3 with KCND3, which
encodes Kv4.3. Most recently, a mutation in SCN3B
encoding a sodium channel $3-subunit was identified in a
patient with Brugada syndrome.'> Coexpression of the
mutant SCN3B with wild-type SCN54 and wild-type
SCNIB leads to loss of function of Iy, current, thus
responsible for Brugada phenotype. In all 7 genotypes,
decreases in inward sodium or calcium current (late Iy,
Ic,1) or increases in outward potassium currents (Jy,)
produce Brugada phenotype. However, approximately two
thirds of Brugada patients have not yet been genotyped,
suggesting the presence of genetic heterogeneity.’

Cellular basis of type 1 ECG

An experimental model of Brugada syndrome using
arterially perfused canine right ventricular (RV) wedge
preparations unmasked the cellular mechanism of Brugada
phenotype, ST-segment elevation, and subsequent VF.'
The I,,-mediated AP notch and the loss of the AP dome in
the epicardial cells, but not in the endocardial cells, of the
right ventricle give rise to a transmural voltage gradient,
producing ST-segment elevation in the ECG in the wedge
preparations. Fig. 2 illustrate superimposed transmembrane
APs simultaneously recorded from epicardial and endocar-
dial sites, together with a transmural ECG. Under control
conditions (Fig. 2A), a small J wave coincides with the small
notch observed in epicardial cell, but not in endocardial cell.

A Control B Terfenadine (C +Pilsicainide

{IcaLi} (fastiyal)

J-point
elevation

Brugada
{Coved)

J-wave

Fig. 2. The cellular basis for ST-segment elevation in a Brugada model
using an arterially perfused canine RV wedge preparation. Shown are
superimposed transmembrane APs simultaneously recorded from epicar-
dial (Epi) and endocardial (Endo) sites together with a transmural ECG
(BCL = 2000 milliseconds). A, Control. B, Ic.1 block with terfenadine (5
umol/L) accentuates the phase 1 notch in Epi but not in Endo and causes
J-point elevation. C, Additional pilsicainide (5 umolL), mimicking
SCN5A (sodium channel) defect, produces further accentuation of the
phase 1 notch, a greater prolongation of Epi AP, and a reversed transmural
voltage gradient, giving rise to coved type ST-segment elevation with a
terminal negative T wave.

50 mV
v
——p
wld
PolymorphicVT |3 omv
ECG
Coved-type 500ms
ST elevation

Fig. 3. Coved-type ST-segment elevation and subsequent nonsustained
polymorphic VT caused by premature beats induced by phase 2 reentry in a
Brugada model, using an arterially perfused canine RV wedge preparation.
Transmembrane AP simultaneously recorded from 2 epicardial (Epi 1 and 2)
sites and 1 endocardial (Endo) site together with a transmural ECG (BCL
2000 milliseconds). In the setting of heterogeneous loss of the AP dome
(coexistence of loss of dome regions and restored dome regions) in the
epicardium and a remarkable coved type ST-segment elevation in the ECG
with a combined administration with terfenadine and pilsicainide,
electrotonic propagation from the site where the dome is restored (Epi 1)
to the site where it is lost (Epi 2) results in development of a premature beat
induced by phase 2 reentry, triggering a spontaneous polymorphic VT.
Modified from Shimizu et al'* with permission.

An I, block with terfenadine amplifies the transmural
voltage gradient due to its accentuation of the phase 1 notch
in epicardial cell, but not in endocardial cell, resulting in J-
point elevation in the ECG (Fig. 2B). A typical type 1 coved
ST-segment elevation associated with a terminal negative T
wave is created by an additional Zy, block with pilsicainide,
which produces further accentuated phase 1 AP notch,
greater prolongation of epicardial APD, and a resultant
reversed transmural voltage gradient (Fig. 2C).

Fig. 3 illustrates nonsustained polymorphic VT via
phase 2 reentry induced in a Brugada model using the RV
wedge preparation.'*!¢ In the setting of remarkable coved
type ST-segment elevation with a combined administration
with terfenadine and pilsicainide, heterogeneous loss of the
AP dome (coexistence of loss of dome regions and restored
dome regions) in the epicardium creates a marked
epicardial dispersion of repolarization, giving rise to
premature beats due to phase 2 reentry, which precipitates
nonsustained polymorphic VT. Data of our high-resolution
optical mapping system allowing to record transmembrane
APs simultaneously from 256 sites suggest that a steep
repolarization gradient between a loss of dome region and a
restored dome region in the epicardium is essential to
produce phase 2 reentry-induced premature beats.'>'®
Phase 2 reentry-induced premature beats have been
shown to induce a reentrant pathway rotated in the
epicardium and finally involving the transmural myocardi-
um, precipitating nonsustained polymorphic VT or VF.
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Conclusions

The data derived from the experimental studies using

arterially perfused canine ventricular wedge preparations
suggested that transmural electrical heterogeneity of repo-
larization across the ventricular wall profoundly affects the
phenotypic manifestation of repolarizition patterns on the
surface ECG in inherited cardiac arrhythmias, such as
congenital LQTS and Brugada syndrome.
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Neurally Mediated Syncope in Brugada Syndrome. Introduction: Patients with type 1 Brugada
electrocardiogram (ECG) and an episode of syncope are diagnosed as symptomatic Brugada syndrome;
however, all episodes of syncope may not be due to ventricular tachyarrhythmia.

Methods and Results: Forty-six patients with type 1 Brugada ECG (all males, 51 & 13 years, 29 spon-
taneous, 17 Ic-drug induced), 20 healthy control subjects (all males, 35 &+ 11 years), and 15 patients with
suspected neurally mediated syncope (NMS; 9 males, 54 1 22 years) underwent the head-up tilt (HUT)
test. During the HUT test, 12-lead ECGs were recorded in all patients, and the heart rate variability was
investigated in some patients. Sixteen (35%) of 46 patients with Brugada ECG, 2 (10%) of 20 control
subjects, and 10 (67%) of 15 patients with suspected NMS showed positive responses to the HUT test.
Although no significant differences were observed in HUT-positive rate among Brugada patients with doc-
umented VT (7/14; 50%), syncope (5/19; 26%) and asymptomatic patients (4/13; 31%), the HUT-positive
rate was significantly higher in patients with documented VT (50%) and those with VT or no symptoms
(11/27,41%) compared to that in control subjects (10%) (P < 0.05). Augmentation of ST-segment amplitude
(=0.05 mV)in leads V1-V3 was observed in 11 (69%) of 16 HUT-positive patients with Brugada ECG during
vasovagal responses, and was associated with augmentation of parasympathetic tone following sympathetic
withdrawal.

Conclusion: Thirty-five percent of patients with Brugada ECG showed vasovagal responses during the
HUT test, suggesting that some Brugada patients have impaired balance of autonomic nervous system,
which may relate to their syncopal episodes. (J Cardiovasc Electrophysiol, Vol. 21, pp. 186-192, February

2010)

autonomic nervous system, Brugada syndrome, head-up tilt test, syncope, sudden death

Introduction

Brugada syndrome is characterized by ST-segment ele-
vation in the right precordial leads V1 through V3 and an
episode of ventricular tachyarrhythmia (VT) in the absence
of structural heart disease.!” In patients with Brugada syn-
drome, syncopal episodes are generally thought to be due to
VT; however, all episodes of syncope may not be owing to
VT events. Neurally mediated syncope (NMS) is 1 of the
causes of syncope in general population, and it refers to a re-
flex response that some triggering factors give rise to arterial
vasodilatation associated with relative or absolute bradycar-
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dia.* In general, the overall prognosis in patients with NMS
is quite favorable.* On the other hand, the precise cause of
syncope in patients with Brugada syndrome is difficult to
determine. Therefore, the therapeutic strategy for Brugada
patients with syncope is often problematic. The aim of this
study was to evaluate the possibility of NMS as a cause of
syncope in patients with Brugada electrocardiogram (ECG).

Methods
Patients Population

The study population consisted of 46 consecutive patients
with type 1 Brugada ECG who were admitted to the National
Cardiovascular Center, Suita, Japan, between May 2004 and
March 2006 (all males, ages 26 to 77; mean 51 £ 13 years,
29 spontaneous, 17 Ic-drug induced), 20 healthy control sub-
jects (all males, 35 & 11 years), and 15 patients suspected
of NMS (9 males, 54 + 22 years). Ethical approval was ob-
tained from the Institutional Review Committee of our hospi-
tal, and all patients and control subjects gave their informed,
written consent before participation. The control subjects and
the patients with suspected NMS showed no structural heart
diseases, normal physical examination results, and normal
12-lead ECGs, and received no drug treatment affecting the
sympathetic nervous system. Type 1 Brugada ECG was de-
fined as a coved type ST-segment elevation of > 0.2 mV at
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J point observed in more than 1 of the right precordial leads
(V1 to V3) in the presence or absence of a sodium channel
blocker.?

Head-Up Tilt Test

The HUT test was performed in the afternoon after 4 hours
of fasting in a quiet and comfortable room equipped for car-
diopulmonary resuscitation. All patients were allowed to lie
on an electrically controlled tilt table an intravenous line
containing 5% dextrose was inserted into 1 arm, and allowed
to rest in supine position for at least 10 minutes. A posi-
tive HUT test was defined by the development of syncope or
presyncope associated with relative bradycardia (>20% de-
crease in heart rate compared with baseline) or hypotension
(systolic blood pressure <80 mmHg). Presyncope was de-
fined as the induction of symptoms of imminent syncope, and
syncope was defined as sudden transient loss of conscious-
ness. Positive response to the HUT test was classified into 3
types owing to hemodynamic status, such as vasodepressor
type (hypotension without significant bradycardia), cardioin-
hibitory type (bradycardia without associated hypotention),
and mixed type (hypotension followed by bradycardia).* At
first, we performed passive tilt (Control-Tilt) at an angle of 70
degrees for 30 minutes. When Control-Tilt was negative, sub-
lingual nitroglycerin (NTG) spray 0.3 mg was administered,
and the test was continued for 15 minutes (NTG-Tilt). The
endpoint of each tilt test was the time when patients showed
positive responses or the completion of HUT-protocol.

Parameters Measured During the Head-Up Tilt Test
Heart rate and blood pressure

Heart rate was monitored, and cuff blood pressure was
measured by electrosphygmomanometry with a microphone
placed over the brachial artery to detect Korotkoff sounds
every minute (STBP-780, Colin Electronics, Komaki, Japan)
in all patients during the HUT test.

ST-segment amplitude in the right precordial leads

Twelve-lead ECGs were recorded every 1 minute during
the HUT test, and the changes of ST-segment amplitude in
the right precordial leads (V1-V3) were analyzed (ML-6500,
Fukuda-denshi, Tokyo, Japan) in all patients during the HUT
test.

Heart rate variability

Six-lead ECGs from the Task Force Monitor (CNSys-
tem, Graz, Austria)®” were measured for beat-to-beat heart
rate and consecutive R-R intervals in 10 patients with Bru-
gada ECG (4 documented VT, 5 syncopal episode only, and
1 asymptomatic), 9 control subjects, and 5 patients with
suspected NMS. The heart rate variability (HRV) was in-
vestigated by a power spectral analysis delineating the low-
frequency component (LF; 0.04-0.15 Hz) and the high-
frequency component (HF; 0.15-0.40 Hz).? We analyzed the
normalized unit of the HF components (%) calculated au-
tomatically (HF/power spectral density-very low-frequency
component [0-0.04 Hz] x 100)%° and the LF/HF ratio. The
HF indicates the tone of the parasympathetic nervous system,
and the LF/HF ratio indicates the sympathovagal balance.
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Statistical Analysis

Numerical values were expressed as means & SD un-
less otherwise indicated. Comparisons of parameters be-
tween 2 groups were made using the unpaired Student ¢-
test. Comparisons of parameters among 3 groups were made
with a one-way analysis of variance (ANQVA), followed
by the Scheffe’s multiple-comparison test. Categorical vari-
ables were compared using a chi-square analysis using the
Yate’s correction or Fisher exact test if necessary. An overall
chi-square test fora2 x ntable was performed when compar-
isons involved >2 groups. A P-value < 0.05 was considered
significant.

Results -

Clinical Characteristics

The clinical characteristics of 46 patients with Brugada
ECG and 15 patients with suspected NMS are shown in
Table 1. The patients with Brugada ECG were divided into
3 groups: (1) 14 patients with documented VT; (2) 19 pa-
tients with syncopal episedes only; and (3) 13 asymptomatic
patients. No significant differences were observed in age,
incidence of spontaneous type 1 ECG, family history of sud-
den cardiac death (SCD), induced ventricular fibrillation dur-
ing electrophysiologic study (EPS), and SCN5A mutation.
Implantable cardioverter-defibrillator (ICD) was implanted
more frequently in patients with documented VT. The trig-
gers of VT and/or synicope are also shown in Table 1. Seventy-
nine percent of VT episodes occurred during sleep or at rest
in patients with documented VT (P < 0.0001 vs the patients
with syncopal episodes only and suspected NMS). On the
other hand, in patients with syncopal episodes only, 15%
of syncopal episodes occurred after urination, 21% during
standing, and 21% after drinking alcohol, which seemed to
be similar patterns in patients with suspected NMS. Based on
the clinical description of the syncopal events, 16 (84%) of
19 Brugada patients with syncopal episodes were suspected
to have NMS. Syncopal episodes seemed to be due to VT in
1 of the remaining 3 patients.

Positive Response to the Head-Up Tilt Test

Comparison of the positive responses to the HUT test be-
tween 46 patients with Brugada ECG and 20 control subjects
along with 15 patients with suspected NMS are shown in
Table 2. Sixteen (35%) of 46 patients with Brugada ECG
showed positive responses. Positive responses were devel-
oped in 1 (2%) of 46 patients during Control-Tilt and in
15 (33%) of 45 patients during NTG-Tilt, and the mixed
type was predominant (94%). In patients with Brugada ECG,
there were no significant differences in the incidence of pos-
itive responses among patients with documented VT (50%),
those with syncopal episodes only (26%), and asymptomatic
patients (31%). No significant differences were observed in
the type of positive responses between the 3 groups. The
mixed type was predominant (100%, 100%, and 75%, re-
spectively), and cardioinhibitory type was not observed in all
3 groups. Two (10%) of 20 control subjects and 10 (67%) of
15 patients with suspected NMS showed positive responses.
The HUT-positive rate was not significantly different be-
tween all 46 patients with Brugada ECG, 20 control subjects
and 15 subjects with suspected NMS (35% vs 10% vs 67%);
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TABLE 1
Clinical Characteristics of Patients with Brugada Electrocardiogram and Suspected NMS
Documented VT Syncopal Episodes Asymptomatic Suspected NMS
n=14) only (n =19) n=13) (n=15)

Age (years) 50+ 15 S51+12 52+ 14 54 £22
Spontaneous type 1 ECG 10(71) 9 (47) 10(77) -
Family history of SCD 4 (29) 4(21) 4 (31) -
Induced VF during EPS 10/12 (83) 15/18 (83) 8/11 (73) -
SCNSA mutation 1(7) 3(16) 0(0) -
ICD implantation 14 (100) 13 (68)* 7 (54)* -
Triggers of syncope

During sleeping or at rest 11 (79) 1(5)* - 0*

After urination 0 3(15) - 17

Prolonged standing at attention 0 421) - 427

After drinking alcohol 0 421 - 6 (40)

After meal 1(7 0 - 0

After exertion 0 2(11) - 2(13)

After sudden unexpected pain 0 2(11) - 0

During driving 0 1(5) - 0

Others 2(14) 2(11) - 2(13)

Values are mean =+ SD for age, and expressed as frequency (%). *P < 0.05 vs documented VT group. ECG = electrocardiogram; EPS = electrophysiological
study; ICD = implantable cardioverter-defibrillator; NMS = neurally mediated syncope; SCD = sudden cardiac death; VT = ventricular tachyarrhythmias;

VF = ventricular fibrillation.

however, the HUT-positive rate was significantly higher in 14
patients with documented VT (50%) and 27 patients with VT
or no symptoms (41%) compared to that in control subjects
(10%) (P = 0.03, P = 0.04, respectively). The HUT-positive
rate in 19 Brugada patients with syncopal episodes (26%)
was significantly lower than that in 15 patients with suspected
NMS (P = 0.04), although the syncopal episodes in 84% of
the 19 patients were suspected to be due to NMS. Positive
responses to the HUT test were more frequency observed
in 15 patients with suspected NMS compared to those in 20
control subjects (10/15 vs 2/20; P < 0.001).

Comparison of the clinical characteristics between 16
HUT-positive patients and 30 HUT-negative patients with
Brugada ECG were shown in Table 3. No significant differ-
ences were observed in cardiac events, such as documented
VT or syncope. Furthermore, there were no significant differ-
ences in the clinical characteristics, such as age, spontaneous
type 1 ECG, a family history of SCD, inducibility of ven-
tricular fibrillation during EPS, SCN5A mutation, and ICD
implantation.

Response of Heart Rate and ST-Segment Amplitude

In patients with Brugada ECG, the heart rate was increased
by 12 £ 9 beats/min during Control-Tilt, and by 24 & 14
beats/min during NTG-Tilt. As the heart rate was increased,
decrease of ST-segment amplitude of > 0.05 mV from base-
line in the right precordial leads was observed in 11 (24%) of
46 patients during Control-Tilt (—0.14 + 0.08 mV), and in
19 of 45 (42%) patients during NTG-Tilt (—0.15+ 0.10 mV)
(Fig. 1C). However, augmentation of ST-segment amplitude
of > 0.05 mV in the right precordial leads was observed
just before and after positive responses to the HUT test in
11 (69%) of 16 HUT-positive patients (0.10 £ 0.06 mV)
(Figs. 1D and E). These significant ST-segment augmen-
tation was observed in 1 patient during Control-Tilt (docu-
mented VT), and 10 patients during NTG-Tilt (5 documented
VT, 2 syncopal episodes only, 3 asymptomatic), respectively.
On the other hand, augmentation of the ST-segment ampli-
tude of > 0.05 mV was 2 (7%) of 30 HUT-negative patients
during NTG-Tilt (1 documented VT, 1 syncopal episodes
only). As a result, the average ST-segment augmentation was

TABLE 2
Responses to Head-Up Tilt Test in Patients with Brugada Electrocardiogram, Control Subjects, and Patients with Suspected NMS
Brugada ECG
Syncopal with VT or No Control Suspected
All Documented Episodes Asymptomatic Symptoms Subjects NMS
(n = 46) VT (n = 14) Only (n = 19) (n=13) =27 (n=20) (n=15)
Age (years) 51 +13* 50 + 15* 514 12* 52+ 14* 51+ 14* 35+11 54 +22*
Positive response 16 (35) 7 (50 5 (26)t 431D 11 (41)* 2(10) 10 (67)*
Control-tilt 1/46 (2) 1114 (7) 0/19 (0) 0/13 (0) 1/27 (4) 0/20 (0) 0/15 (0)
NTG-tilt 15/45 (33)t 6/13 (46)* 5/19 (26)} 4/13 (31) 10/26 (38) 2/20 (10) 10/15 (67)*
Type of positive response
Vasodepressive 1/16 (6) 0 0 1/4 (25) 1/11 (9) 0 1410 (10)
Cardioinhibitory 0 0 0 0 0 0 0
Mixed 15/16 (94) 7 (100) 515 (100) 3/4 (75) 10/11 (91) 3 (100) 9/10 (90)

Values are expressed as frequency (%). *P < 0.05 vs control subjects, tP < 0.05 vs suspected NMS. ECG = electrocardiogram; NMS = neurally mediated

syncope; NTG = nitroglycerin; VT = ventricular tachyarrhythmias.
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TABLE 3

Comparison of Clinical Characteristics Between Head-up Tilt-Positive
Patients and Head-up Tilt-Negative Patients

HUT-Positive =~ HUT-Negative
(n = 16) (n =30) P-value
Age (years) 52+£13 50+ 14 0.58
Documented VT 7 (44) 7(23) 0.15
Syncope only 5(31) 14 47) 0.49
Asymptomatic 4(25) 9 (30) 0.99
Spontaneous type 1 ECG 11 (69) 18 (60) 0.79
Family history of SCD 4(25) 827 1.0
Induced VF during EPS 13/15 (87) 20/26 (77) 0.72
SCNS5A mutation 1(6) 3(10) 1.0
ICD implantation 14 (88) 24 (80) 0.82
Values are expressed as frequency (%). ECG = electrocardiogram;

EPS = electrophysiological study; HUT = head-up tilt test; ICD = im-
plantable cardioverter-defibrillator; SCD = sudden cardiac death; VT = ven-
tricular tachyarrhythmias; VF = ventricular fibrillation.

significantly larger in 16 HUT-positive patients than in 30
HUT-negative patients at similar heart rate (0.06 & 0.06
mV vs —0.04 &+ 0.06 mV, P < 0.0001). No ventricular
arrhythmias were induced during the HUT test in any pa-
tients with Brugada ECG. The ST-segment augmentation
was not observed during the HUT test in any control subjects
(—0.02 £ 0.02 mV, P < 0.0001 vs 16 HUT-positive Brugada
patients) and patients with suspected NMS (—0.02 £ 0.04
mV, P < 0.001 vs 16 HUT-positive Brugada patients; Fig. 2).

Heart Rate Variability and ST-segment Amplitude

Positive responses during NTG-Tilt were observed in 4
(40%) of 10 patients with Brugada ECG, in 1 (11%) of 9
control subjects, and in 4 (80%) of 5 patients with suspected
NMS in whom the HRV was monitored. The autonomic ac-
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tivities in a representative NTG-Tilt-positive patient with
Brugada ECG and those with suspected NMS are shown
in Figure 3A and B, respectively. Before positive responses
to the HUT test, sympathetic activity (LF/HF ratio) dramat-
ically increased; and then, sympathetic withdrawal occurred
immediately. Thereafter, parasympathetic nerve activity (the
normalized unit of the HF components) gradually increased.
The similar pattern of augmented parasympathetic nerve ac-
tivity following sympathetic withdrawal during positive re-
sponses to the HUT test was observed in all 9 HUT-positive
patients. The patterns of HRV were not different among the
HUT-positive patients with Brugada ECG, the HUT-positive
control subjects, and the HUT-positive patients with sus-
pected NMS. In 3 (75%) of 4 HUT-positive patients with
Brugada ECG, the LF/HF ratio decreased and the HF com-
ponent increased gradually toward the maximum ST-segment
elevation just before and after positive response for the HUT
test (Fig. 3A), but ST-scgment was decreased in patients with
NMS (Fig. 3B).

Discussion

In this study, 35% of patients with Brugada ECG showed
vasovagal responses during the HUT test regardless of the
presence VT or syncope. The HUT test was also positive in
41% among only Brugada patients with documented VT or
no symptoms. During vasovagal response, ST-segment aug-
mentation in the right precordial leads (V1-V3) was observed
in 11 (69%) of 16 HUT-positive patients with Brugada ECG,
but no ventricular arrhythmias were induced in any HUT-
positive patients.

Neurally Mediated Syncope as a Cause of Syncope
in Brugada Syndrome

Several case reports have described patients exhibiting
clinical phenotype of both Brugada syndrome and NMS, 012
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Fignre2. Response of the heart rate and ST-segment amplitude during the head-up tilt (HUT) test in 16 HUT-positive patients with Brugada electrocardiogram
(ECG) (A, B) and in 10 HUT-positive patients with suspected neurally mediated syncope (NMS) (C, D). At first, the passive tilt (Control-Tilt) was performed
for 30 minutes (0~30 minutes). When Control-Tilt was negative, nitroglycerin tilt was continued for 15 minutes (30-45 minutes). The responses of heart rate
during positive responses to the HUT test were similar in patients with Brugada ECG (A) to those in patients with suspected NMS (C). In patients with
Brugada ECG, ST-segment in lead V2 was augmented before and after positive responses to the HUT test (B), but not in those with suspected NMS (D).
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Figure 3. Autonomic responses during
head-up tilt (HUT) test. The autonomic
activities in a representative nitroglyc-
erin (NTG)-Tilt-positive patient with type
1 Brugada electrocardiogram (ECG) (A)
and those in a representative NTG-
Tilt-positive patient with suspected NMS
(B). Before tilt-induced syncope, sym-
pathetic activity (LF/HF ratio) dramat-
ically increased; and then, sympathetic
withdrawal occurred immediately. There-
dafter, parasympathetic nerve activity (the
normalized unit of the HF components)
gradually increased. In the HUT-positive
patient with Brugada ECG, ST-segment
augmentation in lead V2 was observed
just before and after positive responses,
and the LF/HF ratio decreased and the
HF component increased gradually to-
ward the maximum ST-segment elevation
(A). In contrast, in the HUT-positive pa-
tient with suspected NMS, ST-segment am-
plitude in lead V2 was decreased gradu-
ally after positive responses (B).
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It is well known that the autonomic nervous system plays
an important role on the arrhythmogenesis of Brugada syn-
drome. Previous studies showed that the withdrawal of sym-
pathetic activity and the sudden rise in vagal activity was
an important triggering factor of ventricular fibrillation.!3"1?
Similarly, it has been presumed that parasympathetic tone
increase during NMS events in patients with Brugada ECG.
Recent basic study showed that SCN5A, a major responsible
gene in Brugada patients, is expressed not only in the my-
ocardial cells but also in intracardiac ganglia.'® Makita ez al.
also demonstrated a novel nonsense mutation in SCN5A gene
in a patient with Brugada syndrome who had been diagnosed
as NMS.!7 These results suggested that the abnormal regu-
lation or imbalance of autonomic nervous system may exist
regardless of the presence or absence of cardiac events in
patients with Brugada ECG.

ST-Segment Elevation in the Precordial Leads During the
HUT Test in Patients with Brugada ECG

In Brugada syndrome, spontaneous augmentation of ST-
segment elevation occurred along with an increase in vagal
activity, especially just before and after the occurrence of
ventricular fibrillation.!* The ST-segment elevation is also
known to be modulated by exercise,'® pharmacological in-
terventions that interact with automatic nervous activities, '
or taking meals associated with glucose-induced insulin lev-
els.”® In this study, ST-segment augmentation in the right
precordial leads was observed just before and after posi-
tive responses to the HUT test in two-thirds (69%) of the
HUT-positive patients with Brugada ECG but only in 7% of
the HUT-negative patients. In patients with Brugada ECG,
the preceding increase of sympathetic nerve activity during
the HUT test may cause augmentation of ICa-L, resulting in
attenuation of ST-segment elevation.!® Subsequent augmen-
tation of parasympathetic nerve activity during the HUT test
may decrease of ICa-L, and increase Ito, thus augmenting
ST-segment amplitude.

Clinical Implication

The second consensus report suggested that symptomatic
patients displaying type 1 Brugada ECG (either spontaneous
or after class Ic drugs) who present with aborted sudden
death should undergo ICD implantation.> ICD implantation
is also recommended in patients with syncope, seizure, or
nocturnal agonal respiration, after noncardiac causes of these
symptoms have been carefully ruled out.” Needless to say, the
ECG recording during syncope is the only convincing way to
rule in or out VT during syncope, and only clinical judgment
can be used to guide diagnostic and therapeutic decisions.
However, in patients with Brugada syndrome, there is an
abnormal regulatory imbalance of the autonomic nervous
system that may be a common denominator to both syncope
and ventricular fibrillation.

Limitations

The control subjects were significantly younger than pa-
tients with Brugada ECG or those with suspected NMS. How-
ever, it is reported that the positive rate of NTG-Tilt in the
elderly was comparable to that seen in younger subjects.?!
Therefore, lower incidence of positive rate of the HUT test
in the control subjects than that in the other 2 groups was
not due to the relevant difference of age. The incidence of
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spontanecous type 1 ECG and the positive rate of the HUT
test are smaller in Brugada patients with syncope episodes
only than in those with documented VT or asymptomatic
patients; however, statistical significance was not observed
between the 3 groups.

Conclusions

Thirty-five percent of patients with Brugada ECG showed
vasovagal responses during the HUT test. The HUT test was
also positive in 41% among only Brugada patients with doc-
umented VT or no symptoms. During vasovagal response,
ST-segment augmentation in the right precordial leads was
observed in 69% of the HUT-positive Brugada patients, but
no ventricular arrhythmias were induced. These data suggest
that some Brugada patients have impaired balance of auto-
nomic nervous system, which may relate to their syncopal
episodes. Additional studies including a large number of sub-
jects are needed to validate our findings and possibly evaluate
the role of the HUT test in risk stratification of patients with
Brugada ECG.
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