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Effect of sodium-channel blockade on early repolarization in
inferior/lateral leads in patients with idiopathic ventricular
fibrillation and Brugada syndrome

Hiro Kawata, MD,*' Takashi Noda, MD, PhD,* Yuko Yamada, MD,* Hideo Okamura, MD,*
Kazuhiro Satomi, MD, PhD,* Takeshi Aiba, MD, PhD,* Hiroshi Takaki, MD,* Naohiko Aihara, MD,*
Mitsuaki Isobe, MD, PhD,! Shiro Kamakura, MD, PhD,* Wataru Shimizu, MD, PhD*

From the *Division of Arrhythmia and Electrophysiology, Department of Cardiovascular Medicine, National Cerebral
and Cardiovascular Center, Suita, Osaka, Japan; 7‘Department of Cardiovascular Medicine, Tokyo Medical and Dental

University, Tokyo, Japan.

BACKGROUND A high incidence of early repolarization (ER) pat-
tern in the inferolateral leads has been reported in patients with
idiopathic ventricular fibrillation (IVF). Brugada syndrome (BS) is
characterized by J-point or ST-segment elevation in the right
precordial leads and ventricular fibrillation, and some patients
with BS also have ER in the inferolateral leads.

OBJECTIVE To compare the clinical characteristics and effects of
sodium-channel blockade on ER between IVF patients with ER
(early repolarization syndrome [ERS]) and BS patients with or
without ER.

METHODS Fourteen patients with ERS and 21 patients with BS
were included in this study. ER was defined as an elevation of at
least 0.1 mV from baseline in the QRS-T junction in the inferoro-
lateral leads. Provocative tests with sodium-channel blockers were
conducted in all patients with ERS to distinguish ERS from BS.

RESULTS In the ERS group, all patients were male and most
patients experienced ventricular fibrillation during sleep or low
activity (79%). ER was attenuated by sodium-channel blockers in
most patients with ERS (13/14, 93%) and BS (5/5, 100%),
whereas ST-segment elevation was augmented in the right precor-
dial leads in the BS group. The rates of positive late potentials

were significantly higher in the BS group (60%) than in the ERS
group (7%) (P <.01).

CONCLUSIONS Some similarities were observed between ERS and
BS, including gender, arrhythmia triggers, and response of ER to
sodium-channel blockers. Unlike the ST segment in the right
precordial leads in BS, ER was attenuated in patients with both
ERS and BS, suggesting a differential mechanism between ER in
the inferolateral leads and ST elevation in the right precordial
leads.

KEYWORDS Early repolarization; J wave; Idiopathic ventricular
fibrillation; Brugada syndrome; Sudden death; Sodium-channel
blocker

ABBREVIATIONS BS = Brugada syndrome; ECG = electrocardio-
gram; ER = early repolarization; ERS = early repolarization syn-
drome; IVF = idiopathic ventricular fibrillation; LPs = late po-
tentials; QTc = corrected QT interval; SAECG = signal-averaged
electrocardiogram; SCD = sudden cardiac death; VF = ventricular
fibrillation; VT = ventricular tachycardia

(Heart Rhythm 2011;xx:xxx) © 2011 Heart Rhythm Society. All
rights reserved.

Introduction

Early repolarization (ER) pattern is often found in the gen-
eral population and has been considered a benign electro-
cardiographic finding,. Its prevalence has been estimated to
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be between 1% and 5% of healthy adults.""* Idiopathic
ventricular fibrillation (IVF) presenting prominent ST-seg-
ment elevation in the inferior leads has been considered
as a variant of Brugada syndrome (BS).>® BS’ is char-
acterized by ST-segment elevation in the right precordial
leads V1 to V3 and is considered to have a high propen-
sity toward sudden cardiac death (SCD).®° Recently,
several reports have suggested the association of IVF
with ER in the inferior and/or lateral lead in the electro-
cardiogram (ECG).>»'°~'* ER is reported to be found
more frequently among patients with IVF than among
healthy control subjects.'®'> However, little is known
about the clinical and electrocardiographic characteristics
and the pharmacological response of ER in patients with
IVF and BS associated with ER and their different re-

doi:10.1016/j.hrthm.2011.08.017
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sponse from that of ST elevation in the right precordial
leads in patients with BS. The present study aimed to
investigate the similarities and differences between IVF
with ER (early repolarization syndrome [ERS]) and BS
with or without ER.

Methods
Patient characteristics
Among 38 patients with IVF, admitted to the National
Cerebral and Cardiovascular Center between 1994 and
2009, ER in the inferior and/or lateral ECG leads was
recorded in 14 patients (37%). These 14 patients were in-
cluded in this study as an ERS group (all males, aged 27-64
years, mean age 44.7 * 13.6 years). Twenty-one patients
with BS with a history of ventricular fibrillation (VF) or
aborted SCD were also included in this study. According to
the published guidelines,'®'” patients were diagnosed as
suffering from IVF if they had no structural heart disease
confirmed by noninvasive studies (physical examination,
ECG, exercise stress test, echocardiogram, and cardiac mag-
netic resonance imaging or computed tomography) and in-
vasive studies (coronary angiography and left ventricular
cineangiography). Long QT syndrome (corrected QT [QTc]
interval =440 millisecond), short QT syndrome (QTc in-
terval <340 millisecond), and BS were also excluded to
diagnose a patient as suffering from IVF. To exclude BS, all
subjects in the ERS group were proven to be negative with
a pharmacological challenge with pilsicainide.®'®

The BS group consisted of 21 patients (19 males, aged
20-64 years, mean age 39.7 * 12.6 years) with an episode
of documented VF or aborted SCD. Eleven had a sponta-

avR

avl

aVF

Figure 1

Monitor ECG on the ambulance

neous type 1 ECG, and in the remaining, it was induced by
a sodium-channel blocker. Ethical approval of the present
study was obtained from the Institutional Review Commit-
tee of the National Cerebral and Cardiovascular Center.

Electrocardiography

All available conventional ECGs (25 mm/s, 10 mm/mYV)
were investigated in the search for ER. ER was defined as an
elevation of at least 1 mm (0.1 mV) in the J point (QRS-ST
junction) in at least 2 leads (Figure 1), either as QRS
slurring (smooth transition from QRS to the ST segment) or
as notching (a positive J deflection inscribed on the S
wave).‘O The inferior (11, III, and aVF) and lateral (I, aVL,
and V4-V6) leads were evaluated. To exclude BS, no
J-point elevation must exist in the right precordial leads
(V1-V3).

All ECGs were interpreted blindly by 2 independent
cardiologists (H.K., W.S.). The following parameters were
assessed in lead II, which include P-wave duration and PQ
and RR intervals. QRS duration and QT interval were as-
sessed in leads II and V5. The QTc interval was calculated
using Bazett’s method. The amplitude of ER was assessed
in the inferior leads (II, III, and aVF), the lateral leads (I,
aVL, and V4-V6), or both, and the maximum ER amplitude
was measured. We selected leads II and V5 as representa-
tive of inferior and lateral leads for the analysis of ER
amplitude.

BS was diagnosed when a type 1 coved-type ST-segment
elevation (=0.2 mV at J point) was observed in >1 of the
right precordial leads (V1-V3) in the presence or absence of

A: Twelve-lead ECG in a patient with early repolarization syndrome. ER (arrow) was seen in the lateral leads (V4-V6) under baseline conditions.

B: Monitor ECG recorded during the arrhythmic periods in the same patient showed a consistent increase in the amplitude of ER, followed by initiation of

ventricular fibrillation. ECG, electrocardiogram; ER, early repolarization.



