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Background: In patients with Brugada syndrome, class I antiarrhythmic drugs can trigger ventricular
arrhythmias (VA). The incidence and initial characteristics of VA that developed after pilsicainide was
examined in 28 patients with Brugada-type electrocardiographic (ECG) abnormalities and with a positive
response in the pilsicainide test. The clinical outcome was also compared between patients with and
without pilsicainide-induced VA.

Methods and Results: In all patients, pilsicainide increased ST segment elevation and accentuated
type 1 ECG changes. Ventricular tachycardia (VT) developed in 3 patients and premature ventricular
complexes (PVC) in 2 other patients. These 5 patients (group I) had higher ST segment elevation in lead
V2 on the ECG at baseline and after pilsicainide and showed a longer QTc interval after pilsicainide than
the other 23 patients (group II). However, there was no difference between the 2 groups regarding incidence
of prior cardiac events, results of signal-averaged ECG, HV interval, inducibility of ventricular fibrillation
by programmed electrical stimulation, or QRS duration. In 1 patient, PVC originated from 3 sites, 2 of
which triggered polymorphic VT. The right ventricular (RV) outflow tract was the origin of 2 types of PVC,
and other RV sites of 5 other types. During a 45 + 37 months follow-up, polymorphic VT recurred in
2 patients in group IL ,

Conclusions: Pilsicainide induced VA in some patients with Brugada syndrome, but this result may not
be used as a parameter of the risk stratification of Brugada syndrome. Multiple PVC induced by pilsicainide
and triggering polymorphic VT originated from several RV sites is an important factor when considering

patients for treatment with catheter ablation. (PACE 2007; 30:662-671)

Brugada syndrome, ventricular tachyarrhythmia, triggered extrasystole

Introduction

In patients without structural heart disease,
ST segment elevation with a coved-type mor-
phology in leads V1-V3 of the electrocardiogram
(ECG), unmasked or increased by class I antiar-
rhythmic drugs, is considered a diagnostic sign
of Brugada syndrome.’”® In addition, the ad-
ministration of class I antiarrhythmic drugs can
induce ventricular arrhythmias (VA) in this syn-
drome.*® Although mechanisms of electrocardio-
graphic manifestation of Brugada syndrome has
not been well established, some studies have sug-
gested that ST segment elevation and initiation of
VA in patients with Brugada syndrome are asso-
ciated with the development of greater transmu-
ral dispersion of repolarization, which facilitates
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phase 2 reentry between the endocardial and
epicardial layers, or between 2 right ventricular
(RV) epicardial regions.5® However, the initial
morphology of VA on the surface ECG is often
indistinct.

We administered pilsicainide, a class Ic an-
tiarrhythmic drug, in 28 patients who had struc-
turally normal hearts and ST segment elevation in
leads V1-V3 of the ECG. In all patients, coved-type
(type 1) ST segment elevation was increased or
unmasked after pilsicainide. Patients with a nega-
tive response in the pilsicainide test were not in-
cluded in this study because such patients usually
did not satisfy the criterion of Brugada syndrome.
During the pilsicainide test, 3 patients developed
multiple episodes of ventricular tachycardia (VT),
defined as >3 consecutive premature ventricular
complexes (PVC), and 2 other patients developed
PVCs following drug-induced ST segment eleva-
tion. The clinical and electrophysiological char-
acteristics of the 5 patients who developed VA
(group I) were compared with those of the other
23 patients (group I1). The initial ECG morphology
of VT was also examined.
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Study Population and Methods

This study included 26 men and 2 women
from different families, between the ages of 27
and 74 years (mean = 54 + 14), referred to our
hospital for evaluation of ST segment elevation
in leads V1-V3 (Table I). Structural heart disease
was excluded by detailed cardiac investigations
including echocardiogram, coronary angiogram,
and left ventriculogram. Hematological and sero-
logical tests were also normal. Three patients had
a history of aborted sudden cardiac death and 12
other patients had suffered syncopal episodes. A
family history of unexplained sudden death was
elicited in 7 patients. The patients with histories
of aborted sudden death or syncope underwent
brain computed tomography, electroencephalo-
gram, and head-up tilt test, all of which were

normal. No patient had received medications be-
fore the initial evaluation. In 9 patients who con-
sented to testing, genetic analysis of SCN5A was
negative.>1°

Standard and Signal-Averaged
Electrocardiogram

Two abnormal repolarization patterns of ST
segment elevation were observed!!: (1) coved-
type, >2 mm ST segment elevation, followed by
an inverted T wave (type 1), in 10 patients, and (2)
saddleback appearance with a high takeoff, >2 mm
ST segment elevation, a trough with >1 mm ST
segment elevation, then either a positive or bipha-
sic T wave (type 2), in 18 patients. The admission
ECG showed normal sinus rhythm and ST segment
elevation in all patients. After the administration

Table I.
Baseline Characteristics of 28 Patients With Brugada Syndrome Included in This Study

ECG Signal- HV
Patient Family Disease Type at Genetic Averaged VF Interval
No Age/Sex History Manifestations Baseline Analysis ECG Induced (ms) PVT/PVC
1 27M Negative Syncope 2 Not done  Positive Yes 50 Not induced
2 30/M Negative  Syncope 2 Not done Positive Yes 55 Not induced
3 41M Negative None 1 Not done  Positive Yes 47 Not induced
4 42M Negative Syncope 1 Negative  Positive Yes 50 Not induced
5 42/M Negative None 2 Not done  Positive Yes 45 Not induced
6 43/F Negative Syncope 1 Not done  Positive No 40 Not induced
7 46/M Negative None 2 Notdone Negative Yes 35 Not induced
8 47/M Negative None 2 Notdone Negative yes 58 Not induced
9 47/M Positive None 2 Not done Positive yes 50 Not induced
10 48/F Negative None 1 Not done  Positive Yes 51 Not induced
i1 49/M Negative ASD 2 Not done  Negative Yes 50 Not induced
12 48/M Negative None 2 Not done  Positive yes 55 Not induced
13 54/M Positive None 1 Notdone Positive yes 55 Not induced
14 58/M Negative Syncope 2 Negative  Positive Yes 75 Not induced
15 59/M Negative None 2 Not done  Positive Yes 44 Not induced
16 59/M Positive ~ None 1 Not done  Not done Yes 44 Not induced
17 61/M Negative  Syncope 2 Negative  Positive Yes 50 Not induced
18 64/M Negative None 2 Not done  Positive Yes 58 Not induced
19 65/M Positive  Syncope 2 Not done  Positive Yes 44 Not induced
20 69/M Positive Syncope 2 Negative  Positive Yes 36 Not induced
21 71M Negative ASD 1 Negative  Positive Yes 60 Not induced
22 73M Negative None 2 Negative  Negative Yes 45 Not induced
23 74/M Negative  Syncope 2 Negative  Positive Yes 35 Not induced
24 33/M Positive ~ ASD 1 Not done  Positive Yes 63 pPvC
25 50M Negative Syncope 2 Negative  Positive Yes 44 PVT
26 60/M Negative Syncope 1 Not done Positive PvC
27 73/IIM Positive ~ Syncope 1 Notdone Negative Yes 47 PVT
28 74/M Negative None 2 Negative  Positive Yes 52 PVT

M = Male; F = female; VF = ventricular fibrillation; ASD = aborted sudden death; PVC = premature ventricular complex; PVT =

polymorphous ventricular tachycardia.
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of pilsicainide, type 1 ST segment elevation was
increased or became manifest in all patients.

A baseline signal-averaged ECG, using the
Frank X, Y, and Z leads, was recorded during si-
nus rhythm. We averaged 250 cycles to reach a
noise level <0.4 uV. The filtered QRS duration,
root mean square voltage of the terminal 40 ms of
the filtered QRS complex (RMS40), and duration of
low-amplitude signal (<40 xV) in the terminal fil-
tered QRS complex (LAS40) were measured. Late
potentials were considered to be present when
RMS40 was <20 uV and LAS40 >38 ms. '

Pharmacological Test

After informed consent was obtained from the
patient or legal guardian, pilsicainide, 1 mg/kg
over 5 minutes, was administered intravenously
during continuous ECG monitoring to 27 patients.
In 1 patient, pilsicainide, 50 mg, was administered
orally. In patients showing type 2 ECG abnormal-
ity, the test was considered positive when the ter-
minal R wave and ST segment rose by >2 mm
when compared with baseline, and the ST segment
developed the type 1 abnormalities described ear-
lier.''1? In patients showing type 1 ECG abnor-
mality, the test was considered positive when the
terminal R wave and ST segment rose by >2 mm
when compared with baseline. We discontinued
the pilsicainde infusion soon after confirmation of
the positive responses on the ST segment elevation
and/or development of any ventricular arrhyth-
mia. Even so, ST segment elevation progressed
within a few minutes (1-3 minutes) after discon-
tinuation of the drug infusion and VA was initi-
ated during the period in some patients. When
VA developed during the test, its initial pattern
and QRS morphology were examined on the ECG,
and isoproterenol, 0.1 ug/min, i.v. was immedi-
ately started to suppress repetitive episodes.

Electrophysiologic Studies

After informed consent was obtained from
the patient or legal guardian, electrophysiologic
studies (EPS) were performed in the nonsedated,
postabsorptive state. Three 6F quadripolar elec-
trode catheters with a 0.5-cm interelectrode dis-
tance were positioned to stimulate the heart
between the distal and 3rd electrode, and record
the intracardiac electrogram from the 2nd and 4th
electrodes, with the band-pass filter set at 30—
500 Hz. Programmed electrical stimulation was
delivered at twice the late diastolic threshold at
a 2-ms pulse width. Qur stimulation protocol for
patients with Brugada type ECG abnormalities in-
cludes up to 3 extrastimuli delivered during pac-
ing at drive cycle lengths of 600 and 400 ms, and
rapid pacing down to a cycle length of 286 ms from
the RV apex and outflow tract (OT).
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Statistical Analysis

Values are presented as means + SD. Statis-
tical analyses were performed by Student’s t-test
and Fisher’s exact test. P values <0.05 were con-
sidered statistically significant.

Results

Signal-Averaged Electrocardiograms
and Electrophysiologic Studies

Signal-averaged ECG was recorded in all pa-
tients except in one case (no 16). Late poten-
tials were present in 22 of the 27 (81%) patients
(Table I). EPS were performed in all patients ex-
cept for one (no 26), and ventricular fibrillation
{VF) was induced in 26 of the 27 patients (96%).
The mean His-ventricular (HV) interval during si-
nus rhythm was 50 &+ 9 ms.

Patients With Versus Without :
Pilsicainide-Induced Ventricular Arrhythmias

Before administration of pilsicainide, neither
isolated PVC nor nonsustained VT was recorded
in any of the patients. After administration of pil-
sicainide, type 1 ST segment elevation was in-
creased or became manifest in all patients. Mul-
tiple episodes of VT developed during the test in
3 patients (no 25, 27, and 28), and 2 other patients
(no 24, 26) developed repetitive PVC (Table I).

The mean dose of pilsicainide administered
in the entire population was 0.85 + 0.24 mg/kg,
and was similar among patients who developed
VA (group [; 0.74 + 0.22 mg/kg) versus among pa-
tients who did not develop VA (group II; 0.87 +
0.24 mg/kg). There was no difference in the preva-
lence of history of aborted sudden cardiac death
or syncope between patients with versus without
pilsicainide-induced VA (Table II). Among the 5
patients in group I, the baseline ECG showed type
1 ST segment elevation in 3, and type 2 in 2 pa-
tients. Among 23 patients in group II, type 1 ST
segment elevation was observed in 7, and type 2 in
16. There was no significant difference in the rates
of positive signal-averaged ECG (80% vs 82%), in-
ducibility of VF during EPS (100% vs 96%), and
mean baseline HV interval (52 + 8 ms vs 49 +
9 ms) between patients with versus without drug-
induced VA.

Heart rate, PQ interval, and QRS duration be-
fore and after administration of pilsicainide were
similar in both patient groups (Table II). QTc inter-
val was not different between group I and group II
before pilsicainide (436 £+ 24 ms vs 415 & 24 ms,
P = 0.084), but the patients in group I showed a
slightly longer QTc interval after pilsicainide than
the patients in group II (464 + 38 ms vs 436 *
19 ms, P = 0.023). The drug-induced percent
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Table il.

Comparisons Between Patients with Versus without Pilsicainide-Induced Ventricular Arrhythmias

Pilsicainide-Induced PVC/PVT

Characteristics YES (n =5) NO (n = 23) P
- Age, years 58 £17 53+ 13 0.46

Family history, numbers (%) of patients 2 (40) 5 (22) 0.57
Disease manifestations, numbers of patients

Aborted sudden death (a)/Syncope (b) 1/3 2/9 0.46/0.62

@+ 4 11 0.33
Type of ECG at baseline, numbers of patients

1 3 _ 7 0.36

2 ) 2 16 0.36
Positive signal-averaged ECG, numbers (%) of patients 4 (80) 18 (82) 0.99
HV interval, ms : 52+8 49+9 0.64
Sinus cycle length, ms

Before pilsicainide 876 £ 125 934 + 144 0.41

After pilsicainide* 852 £ 160 (97 £ 5%) 876 + 128 (94 £6%) 0.72 (0.31)
PQ interval, ms

Before pilsicainide 200 + 32 189 + 42 0.58

After pilsicainide*
ST segment elevation V4, mm
Before pilsicainide
After pilsicainide*
ST segment elevation V,, mm
Before pilsicainide
After pilsicainide ™
QRS duration
Before pilsicainide
After pilsicainide*
QTc interval
Before pilsicainide
After pilsicainide*

136 + 9 (131 + 25%)

464 + 38 (106 £ 4%)

220+ 20 (112 £ 15%) 222 + 57 (118 £ 11%) 0.93(0.29)

1.8+1.2 1.2+06 0.07

23£1.4(129 £21%) 2.1 £1.0(200 + 86%) 0.73(0.12)

47+ 11 27+08 0.0001

7.4 £25 (158 £40%) 5.5+ 1.7 (206 £ 57%) 0.045 (0.087)

106 £ 17 101 £17 0.57

125 + 22 (125 + 16%) 0.29 (0.46)
436 + 24 415 + 24 0.084
436 + 19 (105 = 3%)  0.023 (0.61)

Unless specified otherwise, values are means + SD.
*Percentages of baseline values are in parentheses.

increase in QTc interval was similar in group I
(106 £ 4%) and group II (105 £+ 3%). Although
the amount of ST segment elevation in lead V1
between before and after administration of pilsi-
cainide was similar in both groups, ST segment
elevation in lead V2 was greater in patients with
than in patients without pilsicainide-induced VA
before (4.7 £ 1.1 mV vs 2.7 & 0.8 mV, P = 0.0001)
and after pilsicainide (7.4 £ 2.5 mV vs 5.5 £ 1.7
mV, P = 0.045). The percent increase in ST seg-
ment elevation by the drug was not significantly
different between the 2 study groups (Table II).
After granting their informed consent, 4 pa-
tients in group I and 18 patients in group II under-
went implantations of cardioverter defibrillators
(ICD). During a mean follow-up of 45 + 37 months,
2 patients (no 14 and no 16) experienced a recur-
rent adverse cardiac event. These patients, who be-

PACE, Vol. 30

longed in group II, developed ventricular fibrilla-
tion (VF) and received an appropriate ICD shock
at 27 and 7 months of follow-up, respectively. The
follow-up period was not different between the pa-
tients in group I (46 £ 12 months) and group II (44
+ 40 months). Therefore, pilsicainide-induced VA
seemed not to be a marker of occurrence of ad-
verse cardiac events during the follow-up period.

Morphology of Ventricular Arrhythmias

The administration of pilsicainide induced 7
different PVC morphologies in 5 patients, includ-
ing 3 separate morphologies in 1 patient and a
single morphology in 4 patients, all of left bun-
dle branch block (LBBB) configuration (Table III).
The QRS morphology suggested to a right ventric-
ular outflow track (RVOT) origin of 2 types of PVC,
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Table HI.

Characteristics of Pilsicainide-Induced Premature Ventricular Complex

Patient No Number of QRS Morphology BBB Pattern QRS Axis Coupling Interval (ms}) PVT/PVC
24 1 LBBB RAD (+100°) 500-520 PVC
25 1 LBBB LAD (-70°) 380420 PVT
26 1 LBBB LAD (-60°) 400-420 PVC
27 3 LBBB LAD (-307) 380—400 PVT
LBBB LAD (-70%) 380—-400 PVC
LBBB LAD (-60°) 380-400 PVT
28 1 LBBB NA (+50%) 400-520 PVT

BBB = bundle branch block pattern; LBBB = left bundle branch block pattern; LAD= left axis deviation; NA= normal axis; RAD= right
axis deviation; PVC = premature ventricular complex; PVT = polymorphous ventricular tachycardia.

and other RV origins of 5 other types of PVC. The
administration of pilsicainide induced repetitive
episodes of VT in 3 patients.

1. Patient no 25. A 50-year-old man was
admitted in normal sinus rhythm with type 2
ST segment elevation in leads V1-V2. Following
a single 50-mg dose of pilsicainide, type 1 ST
segment elevation developed in leads V1-V2. As
the magnitude of ST segment elevation increased,

vs «T -
VE - V6 W

a hump appeared on the terminal portion of the
T wave, along with PVC with LBBB configuration
and left axis deviation and frequent, nonsustained
polymorphic VT.* The first QRS of the VT was of
the similar morphology as that of isolated PVC
(Fig. 1). Furthermore, the coupling interval of the
PVC (from 380 to 420 ms) was similar with each
event, and the onset of the PVC was superimposed
on the hump of T wave of the preceding cycle. The
intravenous infusion of isoproterenol suppressed

Figure 1. Twelve-lead electrocardiogram (patient no 25). Baseline ECG was shown in panel A.
After the administration of 50 mg of pilsicainide (panel B), ST segment elevation developed
in leads V1-V3, and a hump (arrows) became apparent on the terminal portion of the T wave.
Premature ventricular complex and self-terminating polymorphic ventricular tachycardia often
coincided with the hump of preceding beat. ST segment elevation in lead V2 was augmented from

0.25 to 0.85 mV by pilsicainide.
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Figure 2. Twelve-lead electrocardiogram (patient no 27). Baseline ECG was shown in panel A.
During administration of pilsicainide, PVC with 3 distinct LBBB-like morphologies (a, b, c) were
induced following ST segment elevation in leads V1-V2, with nearly identical coupling intervals.
ST segment elevation in lead V2 was slightly augmented from 0.5 to 0.6 mV by pilsicainide.

PVC and polymorphic VT, and normalized the ST
segment. On a subsequent day, double and triple
RV extrastimulation twice induced VF. The patient
consented to the implantation of an ICD.

2. Patient no 27. A 73-year-old man suffered
a syncopal episode during a meal. His ECG showed
normal sinus rhythm and type 1 ST segment ele-
vation in leads V1-V2. Pilsicainide, 40 mg infused
i.v. over 4 minutes, increased the ST segment ele-
vation, and frequent PVCs developed, with 3 dis-
tinct QRS morphologies, LBBB configuration, and
left axis deviation (Fig. 2). The coupling interval of
the PVC was consistently between 380 and 400 ms.
Repetitive episodes of polymorphic VT were trig-
gered by 2 of the 3 PVC (Fig. 3). An i.v. infusion of
isoproterenol suppressed the PVC and polymor-
phic VT, and normalized the ST segment. Dou-
ble extrastimulation from the RVOT induced VF
and sinus rhythm was restored by a defibrillation
shock. The patient underwent implantation of an
ICD.

3. Patient no 28. A 74-year-old man was ad-
mitted to the hospital in normal sinus rhythm and
with type 2 ST segment elevation in leads V1-
V2 of the ECG. Pilsicainide, 30 mg infused over
3 minutes, increased the ST segment elevation,
and frequently isolated or short runs of PVC de-
veloped, with LBBB configuration and a normal
axis. The QRS morphology of isolated PVC was
identical to that of the first QRS of VT, though the

PACE, Vol. 30

coupling interval varied between 400 and 520 ms
(Fig. 4). Short-coupled PVC (400—440 ms) induced
VT, whereas PVC associated with longer coupling
intervals (460-520 ms) did not. These PVC were
eliminated by the infusion of isoproterenol. Dou-
ble or triple RVOT extrastimulation, performed on
a subsequent day, twice induced VF, and the pa-
tient underwent implantation of an ICD.

Discussion

The 28 patients included in this study had
type 1 ECG abnormalities consistent with Brugada
syndrome!? before or after the administration of
pilsicainide, and VF was induced by programmed
RV extrastimulation in 26 of 27 patients. The 2 re-
maining patients had a history of syncope (no 6
and no 26).

Electrophysiologic Observations Before
and After Pilsicainide

Pilsicainide induced VA following an increase
in ST segment elevation in 5 of the 28 patients
(18%). There were, however, no differences be-
tween group I and group II with respect to prior
episodes of aborted sudden cardiac death or syn-
cope, family history, results of signal-averaged
ECG, or inducibility of VF by programmed RV
stimulation. Likewise, the PQ interval and QRS

May 2007 667

—281 -



CHINUSHL ET AL.

b "v—-‘/“\r-dr-’ X’Vﬁ.\/lf-'w\j‘
z "“L'JW_‘J!’A-/—“'\"'HrU\ \’M-Jf
m

k’ 1"ULV VLN\/&(

R %M««aw\/\—zm

SRS W R P

aVF 5 ,‘{

v .*»[LA\KL-« a’! {\.u

i {t-“»’ﬁ 1,,;; i
. %ﬂa Wil
: %}-—iﬂ{;&l’,’ar ‘leg‘x..‘f

sl aling ey

v —‘/“‘ f{;—vk'l\/’ﬂ\,{p%‘”‘

ﬂ\‘“
A"“""\"‘QJ \,/. (\-.JJ‘ £

¢ [
' A \4 il -
J{-—-r Vr—lp—lr ‘\I‘ ) :‘NW—-MI\’\K

“/\;/‘/\w‘/]/ EITISYY N

I
“ib\rf{'\_,‘ﬁw j f‘ ‘«..VAJ‘WN\/
\,.nw_-—"w\.‘www«l

ﬂf‘ rd N lf‘ j‘\ A\

v...\w‘ »‘f hﬁJx,mNA
..\,..Mf‘wxqwﬁ o\ \v N
"—-:Vu ,\_—}M.\_r m[J,,-'V‘.J .‘,’ ;\.
IM{{‘! ’ l’w ;v'fug % V"f ir
Yo [ A /T{ M\’”ﬂ"’ iy
-Q/“‘ Mf it wv’\my A

JW./J \/—'Jf"' 7 AN LA,

:""

A .

Tsee 1MV

Figure 3. Twelve-lead electrocardiogram (patient no 27). Soon after the ST segment elevation
and development of PVC, repetitive episodes of non-sustained and sustained polymorphic VT
were triggered by 2 of the 3 types of PVCs (a and c).

duration before and after pilsicainide, the QTc in-
terval before pilsicainide and the baseline HV in-
terval were similar in patients with VA versus
without. However, the QTc interval after pilsi-
cainide was slightly longer in group I than in group
II. This may have been due to delayed repolariza-
tion of the RV epicardium caused by the presence
of a more prominent notch giving rise to a de-
layed second upstroke of the epicardial action po-
tential 81213 Furthermore, ST elevation in lead V2
before and after administration of pilsicainide was
greater in patients with VA than in patients with-
out VA, These observations suggest that the repo-
larization gradient through the RV wall was greater
in patients with VA than in patients without VA,
facﬂltatln% the initiation of VA caused by phase 2
reentry.®?%13 The occurrence of phase 2 reentry is
associated with electrotonic interaction between
myocardial tissues with different lengths of action
potential.’® Therefore, a hump on the T wave, ob-
served in patient no 25, might represent electro-
tonic interaction between myocardium with nor-
mal, and epicardium with short, action potential
duration, as the first cycle of the polymorphic VT
originated from the hump present in the preced-
ing cycle (Fig. 1}. Another possible explanation for
the hump on the T wave in this patient might be a
presence of concealed phase 2 reentry.

Although the result of this study (greater ST
segment elevation and marked QTc interval pro-
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longation in group 1 but no difference in QRS
duration between groups I and II) seems to be
in accordance with the theory of arrhythmogen-
esis in Brugada syndrome by Yan and Antzele-
vitch® and Antzelevitch?? (the repolarization gra-
dient between the endocardial and epicardial sites
of the RVOT), electrocardiographic manifestation
of Brugada syndrome has not been well established
and a worldwide debate is still ongoing.???® Until
now, the mechanisms of Brugada syndrome have
been considered to be attributed to: {i) conduc-
tion delay in the area of the RVOT®'? and/or (ii)
transmural electrical heterogeneity of repolariza-
tion across the wall of the RVOT,?¥2 or a combina-
tion of the two. Indeed, late potentials are some-
times recorded in the signal-average ECG.!” Nagase
et al. reported that delayed potentials, which co-
incided with late potentials in the signal-average
ECG, were recorded at the epicardial area in the
RVOT.!? On the other hand, the repolarization gra-
dient between the endocardial and epicardial sites
of the RVOT was Proposed as the mechanism from
other studies.”®:

Other Japanese investigators have reported
similar observations with the pilsicainide test
in Brugada syndrome.?* In that study, pilsi-
cainide induced VA in 10 of 65 patients (15.4%)
with Brugada-type ECG abnormalities, including
polymorphic VT in 4, and PVC in 6 patients. The
amount of ST segment elevation and QTc interval
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Figure 4. Twelve-lead electrocardiogram (patient no 28). Baseline ECG was shown in panel A.
During administration of pilsicainide, frequent PVC with LBBB configuration and normal axis
appeared. The QRS morphology of each PVC was nearly identical though the coupling interval
was variable. Short-coupled PVC triggered salvos of non-sustained VT, while longer coupled PVC
did not. ST segment elevation in lead V2 was augmented from 0.3 to 0.9 mV by pilsicainide.

CI = coupling interval.

duration in patients with versus without VA were
similar in that study; however, the QRS com-
plex after pilsicainide administration was slightly
wider among patients with, than among patients
without, VA. The importance of intracardiac con-
duction delay {depolarization abnormality) in the
development of VA has been highlighted in other
studies.?! In our study, the parameters of conduc-
tion were similar in patients with versus without
VA. However, patient no 28 had salvos of VT that
were initiated by PVC with short, as opposed to
longer, coupling intervals, consistent with a reen-
trant mechanism initiated by the PVC, suggesting
that delayed conduction of the first PVC with a
short coupling interval is a trigger of VT.

QRS Morphology of Triggered Premature
Ventricidar Complexes

Previous studies have located the main ar-
rhythmogenic substrate of Brugada syndrome in
the RVOT’ %2 and the origin of triggered initial
complex of polymorphic VT from that area. How-
ever, other studies have located the origin of trig-
gered initial complex of polymorphic VT in other
RV regions in some Brugada patients.?23 In our
study, the pilsicainide-induced PVC had a LBBB
morphology, though an RVOT origin was found in
2 of the 7 PVCs recorded among the 5 patients.

PACE, Vol. 30

Triggered PVC might originate from epicar-
dial areas with more prominent transient outward
currents (I,), and the multiple morphologies of
PVC suggested the existence of different distribu-
tion patterns of myocardial ionic currents among
our patients. Furthermore, the multifocal PVC in-
duced by pilsicainide suggested that epicardial
myocardium with exaggerated I, current is not
confined to a small RV region.

ICD Treatment

The ICD is most reliable for high-risk patients
presenting with Brugada syndrome, though some
patients require additional treatment to limit the
delivery of shocks.?*?® Catheter ablation of trig-
gered PVC has recently been described to treat and
limit the number of ICD discharges in patients suf-
fering from the Brugada syndrome.?® However, if
PVCs from multiple origins are triggers of polymor-
phic VT, mapping of all foci would be mandatory.
We recommended ICD treatment in the patients
having previous episodes of aborted sudden car-
diac death, syncope, and/or family history of sud-
den cardiac death. Because the other patients were
also included in the category of Brugada syndrome
(type 1 ECG abnormality plus inducible VF and/or
syncope episode), we provided available infor-
mation of Brugada syndrome and explained the
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benefits and disadvantages of ICD treatment. ICD
was implanted if the patients and their family re-
quested the ICD treatment.

Role of Pilsicainide Test

In this study, we attempted a pilsicainide test
in patients showing either type 1 or type 2 ECG
abnormalities at baseline as shown in Table I. In
patients with a type 2 ECG abnormality, the princi-
ple purpose of the test was to check whether a type
1 ECG abnormality was manifested by the drug or
not. In patients with a type 1 abnormality at base-
line, we performed the test to see whether the drug
induced further aggravation of ST segment eleva-
tion because we think that such a response seems
to indicate the existence of an arrhythmogenic sub-
strate compatible with Brugada syndrome. There-
fore, principal purpose of the pilsicainide test was
as a diagnostic tool and not as a marker for risk
stratification. This is a retrospective study and the
role of the provocation test using class I antiar-
rhythmic drugs has not been well clarified, espe-
cially in the early stages of this study. However, in
the present day, class I antiarrhythmic drug prove-
cation test is not recommended for patients with
type 1 ECG abnormality at baseline.}?2728 Pilsi-
cainide is a pure sodium channel blocker at least
in the doses of clinical usage, and we think that the
intravenous test with pilsicainide yields the same
outcome as that used with other types of antiar-
rhythmic drugs.?27:28

Although VA was effectively suppressed by
the infusion of isoproterenol, the pilsicainide test
can induce VA in some patients suffering from
the Brugada syndrome. Therefore, we urge caution
when performing this test. Because there seems to
be no difference in the clinical incidence of ad-
verse cardiac events between patients with ver-
sus without pilsicainide-induced VA during the
middle-term follow-up period of 45 + 37 months,
the test seems not to be used as a marker for risk
stratification of Brugada sundrome.

Limitations of the Study

This study included a small number of pa-
tients and their clinical background was hetero-
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Introduction

Background In both Brugada syndrome (BS) and arrhythmogenic right ventricular cardiomyopathy
(ARVC), etectrical abnormalities in the right ventricular outflow tract (RVOT) are important for arrhyth-
mogenesis.

Objectives The aim of this study was to compare conduction delay in the right ventricular in BS with
that in ARVC using the signal-averaged electrocardiogram.

Methods Twenty patients with BS (18 men and 2 women; 55 + 12 years old; 9 symptomatic and 11
asymptomatic) and eight patients with ARVC (six men and two women; 53 + 16 years old) were
included. We assessed the presence of late potentials (LPs) and the filtered QRS duration (fQRSd) in
V, and Vs using a high-pass filter of 40 Hz (fQRSd:40) and 100 Hz (fQRSd:100).

Results In ARVC, there was no significant difference in fQRSd:40 between V2 and V5 (158 + 19 vs.
145 + 17 ms, respectively): however, in BS, fQRSd:40 in V2 was significantly longer than fQRSd:40 in
V5 (147 £ 15 vs. 125 +£ 10ms, P < 0.001). In ARVC, there was no significant difference between
fQRSd:40 and fQRSd:100 in V; and Vs (158 + 19 vs. 142 + 23 ms and 145 4 17 vs. 132 + 9 ms, respect-
ively). In contrast, in BS, fQRSd:100 was significantly shorter than fQRSd:40 in V2 (110 + 8 ms vs.
147 + 15, P < 0.001). The relative decrease in fQRSd:100 compared with fQRSd:40 in V2 was signifi-
cantly greater in BS than in ARVC.

Conclusion The dominant prolongation of the fQRSd in the right precordial lead in BS was different
from the characteristics of ARVC, which may be caused by the conduction delay due to fibro-fatty
replacement in RV.

has shown delayed activation of the RVOT in BS,"""'2 which

Brugada syndrome (BS) is characterized by ST-segment
elevation in the right precordial leads associated with ven-
tricular fibrillation (VF). The pattern of the electrocardio-
gram (ECG) is augmented by sodium channel blockers.'3 It
has been suggested that loss of the action potential dome
in the subepicardial action potential in the right ventricular
outflow tract (RVOT) results in phase 2 re-entry and poly-
morphic ventricular arrhythmias, and these have been
demonstrated in an animal model.*”

Ventricular fibrillation can often be induced by pro-
grammed electrical stimulation during an electrophysiologi-
cal study (EPS),%? especially from the RVOT."® Furthermore,
the body surface map or the signal-averaged ECG (SAECG)

* Corresponding author. Tel: +81 25 227 2185; fax: +81 25 227 0774.
E-mail address: chimiri@med.niigata-u.ac-jp

may play an important role in arrhythmogenesis. We also
recently reported that the dominant prolongation of the fil-
tered QRS duration (fQRSd) in the right precordial leads may
be related to the risk of arrhythmic events in BS."?

Some investigators consider that BS is due in part to RV
cardiomyopathy, because morphological and/or histological
abnormalities are found in some patients with BS.'*'3
However, structural anomalies are usually not detected by
routine imaging and endomyocardial biopsy.’® Brugada syn-
drome may be a primary electrical disease, and this
concept is strongly supported by the finding that ~30% of
patients have a mutation in SCN5A gene. Arrhythmogenic
right ventricular cardiomyopathy (ARVC) often shows a con-
duction delay in the right ventricle (RV), especially the right
precordial leads in the surface ECG'""? with epsilon waves
in Vy_3. The conduction delay in ARVC is associated with
replacement of myocytes by fatty tissue and fibrosis in the

© The European Society of Cardiology 2007. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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RV. The aim of this study was to investigate differences in
conduction delay in the RV between BS and ARVC using the
SAECG.

Methods

Patients

We studied 20 consecutive patients with BS, who met the diagnostic
criteria of the second consensus conference of BS,'” including 9
symptomatic and 11 asymptomatic patients. Eighteen patients
were men, and 2 patients were women (mean age: 55 + 12 years;
range: 33-74 years) (Table 1). No patient had a family history of
sudden death. No patient from the same family and in six asympto-
matic patients, a type-1 ECG was documented at least once, and in
another five patients who had a type-2 ECG, pilsicainide (1 mg/kg in
5min) provoked a type-1 ECG. Routine cardiac examinations,
including echocardiography, left and right ventriculography, and
coronary angiography were performed in all patients, and they
showed no abnormality. In 3 of 20 patients, we obtained informed
consent and investigated the mutation in SCN5A gene, and the
results were negative (Table 1).

We also studied eight patients (two women and six men) with
ARVC. The mean age was 53 + 16 years (range: 35-74 years). All
patients fulfilled either two major or one major and two minor diag-
nostic criteria recommended by the Task Force of the European
Society of Cardiology.'® All patients had RV dilatation and reduced-
wall motion of the RV and ventricular tachycardia (VT) (left bundle
branch block type), and three of eight patients had involvement of
the left ventricle (LV). The mean ejection fraction of LV (LVEF) was
56 + 9%. In all patients, T-wave inversion in the precordial leads was
observed; however, no patient had a Brugada-type ECG (saddle back
or coved type in V,.3) (Table 2).

Signal-averaged electrocardiogram

Late potentials (LPs) were studied in a standard manner using an
SAECG system (FDX-6521, Fukuda Denchi, Japan). Analysis of
SAECGs was based on quantitative time-domain measurements of
the filtered vector magnitude of the orthogonal leads, x, v, and z.
The QRS complexes were amplified, digitized, averaged
(200-300 beats,/min), and high-pass filtered (40 Hz) with the
low-pass cut-off frequency fixed at 250Hz. Three parameters
were obtained using a computer algcrithm: the fQRSd (cutoff
>114 ms), the root mean square voltage of the last 40 ms (RMS40)
of the filtered QRS complex (cutoff <20 uV), and the duration of
the low-amplitude signal <40 uV (LAS40) at the terminal portion
of the QRS complex (cut-off >38 ms). The SAECG was considered
positive for LPs when the two criteria (RMS40 <20,V and
LAS40 > 38 ms) were fulfilled. Recordings were acceptable when
electrical noise was <0.3 uV. The standard precordial leads, V,._g,
were amplified, digitized, averaged (200-300 beats/min), and the
fQRSd was measured' with a high-pass filter at 40 Hz (fQRSd:40)
and 100Hz (fQRSd:100). We compared the fQRSd:40 and
fQRSA:100 in V; and Vs, which may preferentially reflect the electri-
cal activity of the RVOT and the LV, respectively.

Electrophysiological Study

Electrophysiologicat study was performed in all patients to evaluate
the inducibility of ventricular tachyarrhythmia after a written
informed consent was obtained. No patient in either group received
any antiarrhythmic drugs. Three quadripolar electrode catheters (6
F multipurpose catheters, USCI, Boston, MA, USA) were placed
against the high right atrium, the apex of the right ventricle (RVA)
or the RVOT, and the His bundle region through the right femoral
vein. The His-ventricular (HV) interval was measured during con-
stant right atrial pacing at a cycle length of 600 ms. Programmed
ventricular stimulation was performed using two basic cycle

lengths (400 and 600 ms) at the RVA and the RVOT with a 2-ms
pulse width at twice the late diastolic threshold. The number of
extra stimuli was limited to 3 and the shortest coupling interval of
any extra stimulus was limited to 180 ms for safety. Rapid ventricu-
lar pacing up to 210 beats/min was performed at the RVA and the
RVQT. Stimulation was attempted first at the RVA and then at the
RVOT if ventricular arrhythmias were not induced by 1-2 extra
stimuli; triple extra stimuli were introduced first from the RVOT,
and then from the RVA. The endpoints of programmed ventricular
stimulation were either induction of sustained VT/VF or the com-
pletion of the programmed stimulation protocol. When sustained
monomorphic VT (SMVT) was induced, rapid ventricular pacing at
a cycle length of 10-20 ms shorter than the cycle length of the
tachycardia was applied in an attempt to entrain the tachycardia.
The pacing was repeated after a decrement of the paced cycle
length in steps of 10 ms until the SMVT was interrupted or accelera-
tion of the tachycardia occurred. '

Statistical analysis

Quantitative values are expressed as the mean + SD. Student'’s
t-test for unpaired values was used to compare parameters
between the two groups. A P-value of <0.05 was considered signifi-
cant for all comparisons. ’

Results
Signal-averaged electrocardiogram

All patients with ARVC were LP positive (Table 2). On the
other hand, only 13 of 20 patients (65%) in the Brugada
group were LP positive (Table 1). The RMS40 was signifi-
cantly lower in patients with ARVC than in patients with
BS (4.6 £ 2.7 vs. 13.6 + 8.7 uV, respectively; P < 0.01).
The fQRSd:40 in V, was 158 + 19 ms in ARVC and was not sig-
nificantly different from the fQRSd:40 in V, in BS
(147 + 15 ms). In ARVC, there was no significant difference
between fQRSd:40 in V, and Vs (158 + 19 vs, 145 + 17 ms,
respectively); however, in BS, fQRSd:40 in V, was signifi-
cantly longer than fQRSd:40 in Vs (147 +15 s,
125 + 10ms, P < 0.001) (Table 3). In ARVC, there was no
difference between fQRSd:40 and fQRSd:100 in V, or Vs
(158 = 19 vs. 142 + 23 ms and 145 + 17 vs. 132 + 9 ms,
respectively). In contrast, in BS, fQRSd: 100 was significantly
shorter than fQRSd:40 in V, (11018 vs. 147 = 15ms,
P < 0.001) (Table 3). The relative decrease in fQRSd:100 in
V, compared with fQRSd:40 in V; was significantly greater
in BS than in ARVC (Fig. 1). Figures 2, 3, and 4 show
typical recordings of the SAECG in the orthogonat leads
and the fQRSd from a BS (Case 6 in Table 1) and an ARVC
patient (Case 5 in Table 2). The relative decrease (per
cent) in fQRSd:100 in V, compared with fQRSd:40 in V,
was not significantly different between symptomatic
(cardiac arrest and syncope) and asymptomatic BS patients
(23 £ 7% vs. 24 + 6%, respectively). Six of the 9 sympto-
matic BS patients (all the patients in the cardiac arrest
group and two of the five patients in the syncope group)
and 6 of the 11 asymptomatic BS patients had type-1 ECG
at the time of investigation, 6 patients had type-2 ECG,
and 2 patients had type-3 ECG. The relative decrease in
fQRSd:100 in V, compared with fQRSd:40 in V; tended to
be slightly, but not significantly, greater in patients with
type-1 ECG than in patients with type-2 or -3 ECG,
(26 + 7% vs. 21 + 6%, P=0.128).
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Table 3 Filtered QRS duration (fQRSd) in each filtered condition
in both groups

ARVC (ms) Brugada (ms)

fQRSA:40  fQRSA:100  fQRSd:40 fQRSd: 100
V; 158419 142423 147 £15 110+ 8°
Vs . 145417 7 1329 125+£10° 10648

4 so.bm. fQRSd:40 vs. fQRSd:iw in Brugada syndrome.
bp £ 0.001, V; vs. Vs in fQRSd:40 in Brugada syndrome.

Shortening fQRSd in V,

P<0.05
(%)
30 +
23%
20 L
10 +
ARVC Brugada
Figure 1 Comparison of the relative shortening of fQRSd in V; with

an increase in low-pass filtering from 40 to 100 Hz in both of BS and
ARVC. The per cent shortening was significantly higher in BS than in
ARVC.

Electrophysiological study
Brugada syndrome

The averaged HV interval for all patients was 50 + 9 ms, and
for six patients, the HV interval was ~55ms. In 19 of
20 patients (95%), VF was induced from the RVOT in nine
patients, from the RVA with double extra stimuli in five
patients, from the RVOT in three patients, and from the
RVA with triple extra stimuli in two patients.

Arrhythmogenic right ventricular cardiomyopathy

The SMVTs, which were identical to the clinical VT, were
induced in all patients, and the mean cycle length of VT was
296 + 45 ms. Entrainment could be proved in 9 of 15 VTs,
and the remaining 6 VTs could not be entrained because VT
required DC shock for the haemodynamic shock. The averaged
HVinterval was 46 + 6 ms, and there was no significant differ-
ence in HV interval between ARVC and BS.

Follow-up
Brugada syndrome

An implantable cardioverter defibrillator (ICD) was
implanted in all patients and the patients were followed
without antiarrhythmic drugs. During a fotlow-up period of
28 + 16 months, all patients were alive and two (Case 1

Brugada; 48 year oid Male ARVC,; 38 year old Female

Mag. . ...t

RMS40:3.0uV
LAS40: 90ms

RMS40:13.0uV
LAS40: 45ms

Figure 2 SAECG in BS (Patient 6 in Table 1) and in ARVC (Patient 5
in Table 2). Both patients were positive for LP. RMS40, root mean
square voltage of the last 40ms of the filtered QRS complex
(cut-off <20 pV); LAS40, the duration of the low-amplitude signal
<40 pV at the terminal portion of the QRS complex (cut-off
>38 ms).

and 15) had an episode of VF that was terminated by an
1CD shock.

Arrhythmogenic right ventricular cardiomyopathy

All patients had ICD therapy and sotalol was prescribed in
five of the eight patients because the drug was effective
in suppressing inducible VT. During a follow-up period of
39 + 15 months, all patients were alive and four patients
had the delivery of an ICD shock because of SMVT, and
anti-tachycardia pacing was effective in terminating VT.

Discussion
Major findings of the present study

in this study, we found that the characteristics of the
delayed potential in the right precordial lead were different
between BS and ARVC. The fQRSd in the high-pass filter at
40 Hz was similar in both of them, but in the condition of
cutting fQRSd at 100 Hz, fQRSd was much shorter in BS
than in ARVC. Furthermore, in BS, the fQRSd in the right pre-
cordial leads was protonged, as shown in previous reports, in
comparison with that in ARVC.

Relationship between the filter setting and late
potential

Late potentials in the SAECG would reflect the presence of
slowed ventricular activation, and the presence of slowed
ventricular conduction may provide a substrate for
re-entry.2%2' This notion is supported by the finding that
all patients with ARVC had re-entrant VT in this study.
ARVC is characterized by the fibro-fatty replacement of
the RV. This histological change is thought to interrupt the
electrical continuity of the myocardial fibres, creating a
slow pathway for re-entrant arrhythmias.?? Folino et al.?
analysed SAECGs using three different high-pass filters (20,
40, and 80Hz). The results demonstrated that the
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Figure 3 A 12-lead ECG and the filtered QRS duration (fQRSd) in V; and Vs at two different high-pass filter settings (40 and 100 Hz) in a
patient with Brugada syndrome (Patient 6 same as in Fig. 2). The fQRSd:40 in V, was much longer than that in Vs; however, the V, was remark-
ably shortened as the high-pass filter setting was increased from 40 to 100 Hz.
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Figure 4 A 12-tead ECG and the fQRSd in V, and Vs at different high-pass filter settings (40 and 100 Hz) in a patient with ARVC (Patient 5

same as in Fig. 2).

prevalence of LPs increased as the high-pass cut-off fre-
quency increased?? LPs at high frequency might reflect fibro-
fatty replacement and fine anisotropic conductivity. On the
other hand, in the patients with BS in the present study, the
fQRSd was remarkably shortened at the 100-Hz filter setting
compared with the 40-Hz filter setting. Although LPs can be
detected frequently in BS, the mechanism of these LPs is not
fully understood. It was proposed that BS is a primary elec-
trical disease without structural abnormalities, and no
abnormal electrograms (e.g. delayed potentials or fragmen-
tation) have been reported in the endocardium of RV.
Nagase et al.?* confirmed that the timing of a delayed

potential in BS recorded from the epicardial surface of the
anterior wall of the RV was identical to that of the LP
recorded in the SAECG. However, the genesis of this poten-
tial remains unknown. Antzelevitch commented on
Nagase’s?*® report that concealed occurrence of phase 2
re-entry may contribute to the generation of a delayed uni-
polar potential or LP in the SAECG.? If so, the character-
istics of the delayed potentials in BS might be different
from those in ARVC. The shortening of fQRSd in the right pre-
cordial lead at 100 Hz in BS might be related to the delayed
second upstroke of the epicardial action potential or local
phase 2 re-entry. In the present study, the shortening of
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fQRSd at 100 Hz in V; was not different between sympto-
matic and asymptomatic patients with BS.or between
patients with type-1 ECG and patients with type-2 or -3
ECG. This result suggested that the shortening of fQRSd in
V3 in response to the change in the filter setting might be
a characteristic not related to ECG type in BS. The clinical
implication of a changing fQRSd in the right precordial
leads at different filter settings is not clear and requires
further investigation. To clarify whether or not the finding
indicates a risk factor for cardiac events in BS, we will
need to follow up the clinical outcome in a larger number
of asymptomatic BS patients. '

Comparison of fQRSd between the right and left
precordial lead

Some previous reports have demonstrated that fQRSd was
more often prolonged in V, than in Vs in the patients with
ARVC.2577 This suggested that the prolongation of fQRSd is
related to delayed conduction of the RV in ARVC and reflects
on the e-wave in the ECG. In the present study, fQRSd at
40 Hz tended to be longer in V; than in Vs, but the difference
was not significant. This smaller difference in fQRSd
between V,; and Vs compared with that in previous reports
might have been caused by the degeneration of the inferior
wall of the RV and/or the LV. Furthermore, the tendency for
a longer fQRSd in V, than Vs did not change at the low-pass
filter setting of 100 Hz. In contrast, the fQRSd at 40 Hz in V,
was significantly longer than that in Vs in 8BS, and this differ-
ence disappeared at 100 Hz. This suggests the presence of
abnormal delayed potentials predominantly in the RVOT, as
we previously reported.’

Limitations

The major limitation of this study is the small number of the
patients studied, especially in ARVC. However, to our knowl-
edge, this is the first report of a comparison of the fQRSd in
the SAECG between BS and ARVC and the first demonstration
of a difference in the characteristics of a delayed potential
in the RVOT in these two diseases. Even though there was no
patient with a Brugada-type ECG in the ARVC group, our
finding might help to resolve the problem of differentiation
between BS and ARVC.

Conflict of interest: none declared.
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Introduction

Aims The effects of adrenergic activity and beta-blockade were studied in a canine experimental model
of type-3 long QT syndrome (LQT3) induced by application of anthopleurin-A.

Methods and results Boluses of epinephrine at 0.5 and/or 1.0 pg/kg were administered before and
after propranolol, 0.3 mg/kg, and the distribution of the ventricular repolarization and the develop-
ment of polymorphic ventricular tachyarrhythmia (VA) were assessed. Using needle electrodes, trans-
mural unipolar electrograms were recorded across the left ventricle (LV) and right ventricle (RV).
Activation-recovery interval (ARI) was measured in each electrogram to estimate local repolarization
during RV pacing at the cycle length of 750 ms after the creation of complete atrioventricular block.
Before propranolol, epinephrine, 0.5 ng/kg, did not induce VA in any experiment. However, a dose of
1.0 ng/kg induced polymorphic VA following multiple premature ventricular complex (PVC) in four of
six experiments. Epinephrine, 0.5 pg/kg, shortened AR at all sites and lessened LV transmural ARI dis-
persion. Neither ARI nor its dispersion could be determined after 1.0 ug/kg of epinephrine because of
the induction of PVC, polymorphic VA, or both. Propranolol (i) prevented epinephrine-induced PVC and
polymorphic VA in all experiments, (ii) slightly prolonged ARI at all sites, along with a decrease in LV
transmural ARI dispersion, and (iii) reversed the epinephrine-induced shortening of ARI.

Conclusion In this LQT3 model, an increase in adrenergic activity by epinephrine had dose-dependent,
opposite effects on ventricular electrical stability. Since beta-adrenergic blockade suppressed epi-
nephrine-induced PVC and polymorphic VA, it might be considered for supplemental therapy to sup-
press VA in patients presenting with LQT3.

myocardial wedges, sliced myocardium, or isolated myocar-
dial cells),®® or genetically modified murine hearts,®-'° and

The enhancement of adrenergic activity is arrhythmo-
genic,' 3 and beta-adrenergic blockade is antiarrhythmic*>
in patients suffering from congenital type-1 (LQT1) or
type-2 (LQT2) long QT syndrome (LQTS). The effects of adre-
nergic activity on ventricular arrhythmias (VA) in type-3
(LQT3) congenital LQTS, however, are poorly understood.
While most adverse cardiac events in LQT3 occur at rest or
during sleep, VA can, in some patients, develop during exer-
cise or emotional stress.*> Experimental studies, using
pharmacological models (arterially perfused ventricular

* Corresponding author. Tel: +81 25 227 2185; fax: +81 25 227 0774.
E-mail address: masaomi@ctg.niigata-u.ac.jp

a few clinical cases’> have examined the effects of adre-
nergic activity in congenital LQTS. However, these studies
did not include analyses of intracardiac electrograms at mul-
tiple ventricutar sites, and the basal autonomic tone was
disrupted during the course of the experiments. Therefore,
to further clarify the role of adrenergic activity in LQT3, we
studied in vivo the effects of intravenous boluses of epi-
nephrine administered before and after treatment with pro-
pranolot, in a whole heart model of LQT3 made by
application of anthopleurin-A (AP-A),'""'2 with special
focus on the relationship between transmural dispersion of
ventricular repolarization and epinephrine-induced poly-
morphic VA.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2008.

For permissions please email: journals.permissions@oxfordjournals.org.
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Methods
Surgical preparation

This study was approved by the Animal Studies Subcommittee of the
Institutional Review Board, and comptlied with the guidelines of the
United States National Institutes of Health for the Care and Use of
Laboratory Animals. The experiments were performed in six
beagles weighing between 10.0 and 13.0 kg, which were anesthe-
tized with a 17.5 mg/kg i.v. bolus of sodium thiopental, fotlowed
by a 5.0 mg/kg/h infusion. They were intubated and artificially ven-
tilated. Catheters were inserted into the femoral vein for-adminis-
tration of fluids and drugs, and into the femoral artery to monitor
arterial blood pressure (ABP). The core temperatures were kept at
37°C with a thermostatically controtied thermal blanket. The ABP
and leads |, lil, and aVg of the surface electrocardiogram were con-
tinuously monitored. The hearts were exposed via a midline sternot-
omy, and saline warmed to 37<C was regularly apptied to moisten
the heart and prevent cooling of the epicardial surface. Upon com-
pletion of the experiments, the animals were sacrificed by electricat
induction of ventricular fibrillation under general anaesthesia.

Recordings and pacing electrodes

Four 21-gauge, stainless steel, plunge needle electrodes were
inserted in the basal region of the lateral left ventricular (LV)
wall, where prominent M-cell-like activity has been described in
the dog,'®'* and three plunge electrodes were inserted into the
right ventricular (RV) free watl. Each LV needle had eight and
each RV six polyimide-coated tungsten wire electrodes, 50 um in
diameter, 1 mm apart, for the simuitaneous transmural recording
of unipolar electrograms, from epicardial (Epi), mid-myocardial
(Mid), and endocardial (Endo) sites, with the last electrode
located ~0.5 mm under the epicardial surface. The last plunge
electrode recorded the Epi and the first electrode the Endo electro-
gram. To simplify the analysis, the electrode that recorded the
longest activation-recovery interval (ARI) between Epi and Endo
was used as representative of the Mid ventricular layer.'>'? ARIs
were measured between the minimum first derivative of the intrin-
sic deflection of the QRS and maximum first derivative of the Twave
of the unipolar electrogram,’'® and used to estimate the local
repotanization. Previous studies have shown that ARIs delivered
from unipolar electrograms reasonably approximate the local effec-
tive refractory periods.'®:'® Furthermore, excellent correlation of
ARI and the effective refractory period have been reported in the
AP-A model.”

Complete atrioventricular (AV) block was produced by radiofre-
quency catheter ablation of the AV node so as to control the heart
rate, and the hearts were paced from bipolar silver wire electrodes
inserted on the RV wall, using 2.0-ms pulses at twice the diastolic
threshold delivered by a programmable cardiac stimulator (Mode!l
SEC-3102. Nihon Kohden Co. Tokyo. Japan).

Electrogram acquisition and measurement of
activation—recovery

In each experiment, 50 transmural unipolar electrograms (4 LV
needles x 8 electrodes+3 RV needles x 6 electrodes) were ampli-
fied and filtered at a fixed high-pass setting of 0.05Hz, and a
500 Hz adjustable low-pass setting. The analog data were digitized
at a 1000 Hz sampling rate (F-tech Co. Ltd., Niigata, Japan) and
stored in a personal computer. ARl was measured at each unipolar
electrogram, and transmural AR! dispersion was caliculated as the
widest difference in ARl among 8 LV, or 6 RV unipolar electrograms
from each needle electrode.'?'3 Since 7 needle eiectrodes were
inserted in each experiment, 42 data points (7 needles x 6 exper-
iments) were availabie for the statistical analysis of ARl and its
dispersion.

Pharmacologic intervention

A 5 ng/kg i.v. bolus of AP-A (Protein Express inc., Cincinnati, OH,
USA) dissolved in sterile saline was administered, followed by a
0.15 pg/kg/min continuous infusion. Epinephrine (Daiich Sankyo
Co. Ltd, Tokyo, Japan), diluted to 10 wg/mL in sterile saline, was
injected in 0.5 ng/kg or 1.0 ng/kg i.v. boluses. Propranolol (Astra
Zeneca K.K., Osaka, Japan) was administered intravenously in
doses of 0.3 mg/kg.

Study protocol and data collection

After creation of a complete AV block, the hearts were paced at the
cycle length of 600 ms from the RV during the preparatory period of

‘the experiments. The following protocol was applied in all six exper-

iments during RV pacing at the cycle tength of 750 ms.

(U] Before insertion of the needle etectrodes in the ventricles, a
1.0 ng/kg i.v. bolus of epinephrine was administered.

(ii) Thereafter, the needle electrodes were positioned in the
heart and AP-A was administrated. Recordings of ARI and of
its transmural dispersion were obtained before and 60s
after an i.v. bolus of epinephrine, 0.5 pg/kg.

(iii) After a 10 min interval, an additional 1.0 ng/kg i.v. bolus of
epinephrine was administered. -

(iv) After the administration of propranolol, 0.3 mg/kg, record-
ings of ARl and of its transmural dispersion were obtained
before and 60 s after an i.v. bolus of epinephrine, 1.0 ug/kg.

Inducibility of VA was assessed in each step of the protocol. If
polymorphic VA developed, its modes of onset were examined
from the transmural ventricular electrograms. ARl and AR| dis-
persion were averaged over three consecutive cycles. The exper-
imental protocol was completed within 3 h after the creation of
AV block, ~2.0 h after the onset of AP-A administration.

Statistical analysis

Values are presented as the means + SEM. Statistical comparisons of
AR| and percent shortening of ARI by epinephrine among the £ndo.
Mid, and Epi ventricular layers were performed by analysis of var-
iance (ANOVA) using the software of SPSS ver.14 (SPSS Inc.,
Chicago. IL, USA}. The ARl and percent shortening of AR! difference
between two of the three ventricular layers (Mid vs. Epi, Mid vs.
Endo, and Endo vs. Epi) was assessed using Scheffe’s test. Student's
t-test was used to assess the effects of epinephrine or propranolol
administration on ARI and transmural ARI dispersion. Alteration of
ABP by the administration of epinephrine or propranoiol was also
analysed using Student’s t-test. A P-value < 0.05 was considered
statistically significant.

Results
Epinephrine-induced ventricular arrhythmias

After the creation of AV block, experiments were performed
during RV pacing at a cycle length of 750 ms. Before the
administration of AP-A, a 1.0 ng/kg bolus of epinephrine
induced muttiple PVC in all six experiments, though no sus-
tained polymorphic VA was observed. After the adminis-
tration of AP-A, epinephrine, in a dose of 0.5png/ke,
induced no sustained potymorphic VA in any experiment
(Figure 14), although a few PVC developed in one
experiment. In contrast., when administered at a dose of
1.0 ng/kg, epinephrine induced multiple PVCs in all exper-
iments, and sustained polymorphic VA triggered by the PVC
was induced in four of the six experiments (Figure 1B). As
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Figure 1 Effects of intravenous administration of epinephrine
before and after propranolol in a model of LQT3 created with
AP-A. Leads | and lil of the surface electrocardiogram and selected
LV transmural unipolar electrograms. The heart rate was paced at
the cycle length of 750 ms. At baseline (4), epinephrine, 0.5 pg/
kg, induced neither PVC nor polymorphic VA. However, when admi-
nistered in a dose of 1.0 ug/kg, epinephrine induced two PVC, of
which the second triggered sustained polymorphic VA (B). After
treatment with propranoiol, neither PVC nor polymorphic VA was
induced by epinephrine, 1.0 ug/kg (C). See text for additional
details. Endo, endocardial site; Mid, mid-myocardial site; Epi, epi-
cardial site.

observed in previous studies,'’"'® the onset of polymorphic

VA seemed to be associated with the development of PVC
which, as they propagated, caused delayed conduction or
conduction block at the LV Mid and Endo sites, where
the longest ARl were recorded during basetine rhythm
(Figure 2). These findings seemed to suggest that re-entry
was a likely mechanism of the polymorphic VA, but this
could not be demonstrated in this study because of the
very low resolution of the analysis of ventricular activation
and unipolar recording of the local electrogram. After the
administration of propranolol, epinephrine, in a dose of
1.0 png/kg, induced neither PVC nor polymorphic VA in any
experiments (Figure 1C).

After the administration of AP-A, epinephrine at 0.5 and
1.0 ug/kg transiently increased the ABP from 122 + 4/
69 +3 to 166 + 3/87 + 2 mmHg (P = 0.002) and 196 + 4/
107 = 4mmHg (P =0.0001), respectively. The blood
pressure decreased to 106 + 2/60 + 3 mmHg after propra-
nolol (P =0.003), and reached 132 + 2/73 + 2 mmHg after
the subsequent administration of epinephrine, 1.0 ng/kg
(P =0.002). Although we did not measure the circulating
concentration of the drugs, the applied dosage of epineph-
rine or propranolol are likely to be applicable clinically,
and alterations of the ABP were within the clinically rel-
evant range.

Activation-recovery interval and transmural
activation—recovery interval-dispersion

Before propranolol

After the administration of AP-A, a transmural ARI dispersion
as long as 61 + 4 ms was recorded through- the LV during RV
pacing at the cycle length of 750 ms (Figure 3, Tables 1
and 2). The transmural AR| dispersion across the RV wall
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Figure 2 Initiation of polymorphic VA by the administration of epi-
nephrine. Leads | and Il of the surface electrocardiogram and
selected transmural unipolar electrograms of the LV and RV. The
heart rate was paced at the cycle length of 750 ms. When adminis-
tered at a dose of 1.0 pg/kg, epinephrine induced three consecutive
premature ventricular complexes, of which the third triggered sus-
tained polymorphic VA. The onset of polymorphic VA appeared
associated with delayed conduction, functional conduction block,
or both, at the LV Mid/Endo layer (#). The measured ARI are
shown with each intracardiac cycle, and caiculated ARI dispersion
(ARI-D) is present. ARIs could not be calculated for some of the
beats because QRS complex superimposed on the preceding T
wave. Abbreviations as in Figure 1.

-was 18 + 2ms (Figure 4, Tables 1 and 2). Epinephrine at

0.5 ng/kg shortened ARI at all sites (Figures 3 and 4, Table
1). Since the magnitude of ARI shortening by epinephrine
was greater (P < 0.001 by ANOVA) in the LV Mid (-13.4 +
1.2%) and Endo (—13.1 + 1.1%) layers than at the Epi sites
(—9.2 + 0.9%), the transmural LV AR! dispersion was shor-
tened to 34 + 3ms (Table 2). In the RV, the amount of
epinephrine-induced AR! shortening was —8.0 + 1.2% in
Endo, —9.2 + 1.3% in Mid, and —8.7 + 1.1% in Epi (ns),
and ARI dispersion in the RV was 14 + 2 ms 60 s after admin-
istration of epinephrine (Table 2). After the injection of
1.0 ug/kg of epinephrine, the ARI distribution and trans-
mural ARI dispersion could not be ascertained in either ven-
tricle because of the development of multiple PVC,
polymorphic VA, or both.

After propranolol

The intravenous administration of propranolol slightty pro-
longed ARI at all sites (Figures 3 and 4, Table 1). In the LV,
the magnitude of ARI prolongation was smaller (P < 0.001
by ANOVA) in the Mid (4.5 = 0.7%) and Endo (5.3 = 0.7%)
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Figure 3 Left ventricular transmural electrograms. Leads | and Ili
of the surface electrocardiogram and selected LV transmural uni-
polar electrograms. The heart rate was paced at the cycle length
of 750 ms. (A and B) Before propranolol. After the administration
of AP-A (A), the ARI at the Mid site is longer than at the Epi and
Endo sites. A large (72-74 ms) ARI dispersion (ARI-D) is.present. Epi-
nephrine at 0.5 ug/kg shortened ARI at all sites (B), and ARI dis-
persion shortened to 41ms. (C and D) After propranolol.
Propranolol slightly prolonged ARI at ail sites (C). Since the ARI pro-
longation at Epi was relatively larger, ARI dispersion was limited to
51-59 ms. Propranolal reversed the epinephrine-induced ARI short-
ening (D), and ARI dispersion after the administration of epineph-
rine, 1.0 pg/kg, was 42-46 ms. The measured ARI are shown with
each intracardiac cycle. Vertical lines in each beat indicate the
maximum first derivative of the Twave. Abbreviations as in Figure 1.

layers than in the Epi layer (10.4 + 0.6%), and the trans-
mural ARI dispersion was shortened to 37 + 2 ms after pro-
pranolol (Figure 3, Table 2). In the RV, the magnitude of

ARI prolongation was 7.4 4+ 0.9% in Endo, 6.9 + 1.0% in
Mid, and 7.3 + 0.8% in Epi (ns), and the transmural ARI dis-
persion was 17 + 1 ms after propranolol (Figure 4, Table 2).

The administration of propranolol reversed the
epinephrine-induced shortening of ARl in both ventricles
(Figures 3 and 4, Table 1) and, 60 s after 1.0 ug/kg of epi-
nephrine, ARI dispersion was 35 + 2 ms in the LV and 17 +
2 ms in the RV (Table 2).

Discussion

Two main observations emerged from this study. First, in an
experimental model of LQT3 created with AP-A, adrenergic
stimulation had opposite effects on ventricular electrical
stability depending on the dose of epinephrine administered
intravenously. While 0.5 wg/kg resulted in homogeneous dis-
tribution of ventricular repolarization, without induction of
sustained polymorphic VA, 1.0 pg/kg was pro-arrhythmic
and caused sustained polymorphic VA triggered by PVC in
2/3 of the experiments. Second, propranolol prevented
the development of epinephrine-induced polymorphic VA,
along with inducing a mild decrease in transmural dispersion
of ventricular repolarization during stable ventricular
pacing. Although we did not measure the circulating concen-
tration of AP-A, the AP-A model is considered a suitable sur-
rogate for clinical LQT3 because the ventricular
repolarization is reasonably prolonged and polymorphic VA
spontaneously develops, especially during the slower heart
rate and/or following short-long-short cardiac cycle or T
wave alternans,'"12:1°

Adrenergic stimulation in long QT syndrome

Adrenergic stimulation augments several currents in the
ventricular myocytes, including Iy, lca, the Ca®*-activated
chloride current, and the Na*/Ca?* exchange current.2>-2

Table 1 Effects of epinephrine on left and right ventricular activation-recovery intervals at baseline and after the administration of
propranolol in the endocardial (Endo), mid-myocardial (Mid), and epicardial (Epi) layers

Activation-recovery intervals

P (Endo vs. Mid vs. Epi)

Endo Epi
Left ventricle
Before propranolol
Before epinephrine 496 (4) 509 (4) 449 (5) <0.001
After epinephrine 432 (7) 441 (8) 407 (6) <0.001
P (baseline vs. epinephrine) <0.001 <0.001 <0.001
After propranolol )
Before epinephrine 522 (4) 532 (4) 495 (4) <0.001
After epinephrine . 518 (4) 526 (3) 492 (4) <0.001
P (baseline vs. epinephrine) 0.062 0.012 0.187
Right ventricte
Before propranolol
Before epinephrine 443 (4) 455 (4) 438 (3) 0.008
After epinephrine 407 (3) 413 (3) 399 (2) 0.001
P (baseline vs. epinephrine}) <0.001 <0.001 <0.001
After propranolol ’
Before epinephrine 475 (4) 486 (3) 469 (2) + <0.001
After epinephrine 474 (3) 482 (3) 465 (2) <0.001
P {baseline vs. epinephrine}) 0.275 0.065 0.061

Values are means (SEM).
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