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This case report describes abrupt heart rate fallings below the lower pacing rate limit in a patient with
cardiac resynchronization therapy (CRT). Interrogated information including stored episodes or data
regarding the lead did not show any device problems and only simultaneous intracardiac elecirogram
revealed the cause, T-wave oversensing during biventricular pacing. At this moment, CRT has become
an established modality for patients with severe heart failure. However, bradycardia below the lower rate
limit during biventricular pacing due to T-wave oversensing would exacerbate heart failure in patients
with CRT. We should notice this latent risk and correct the malfunction immediately. (PACE 2012;

35:655-e58)
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Introduction

Many studies have demonstrated that cardiac
resynchronization therapy (CRT) is established
modality for patients with severe heart failure.?2
Not only heart failure symptoms, but also the
rate of mortality or hospitalization were improved
by CRT. To respond to CRT, there are several
factors. It is important to capture the ventricles
consistently by biventricular pacing with appro-
priate heart rate and we should be well aware
of CRT device malfunction.® Postpacing T-wave
oversensing is one of pacing device malfunction
and can cause inappropriate bradycardia.* This
phenomenon appears only after pacing, so it
cannot be stored as episodes on the device leading
to be overlooked. Here, we report abrupt heart
rate fallings below the lower pacing rate limit in a
patient with CRT. Only simultaneous intracardiac
electrogram (EGM) revealed the cause, which
was T-wave oversensing during biventricular
pacing.

Case Report

The patient was a 68-year-old man whounder-
went a valve replacement for aortic regurgitation
complicated with left ventricular dysfunction. He
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developed atrioventricular block and received a
pacemaker in 1994. Subsequently, he developed
dyspnea on effort with New York Heart Associa-
tion functional class III. On echocardiography, the
left ventricule was markedly dilated and its func-
tion was severely impaired with a left ventricular
ejection fraction of 24%. Both interventricular and
intraventricular dyssynchrony were confirmed.
He underwent removal of previous pacemaker
and implantation of CRT device with defibrillator
(CRT-D) (Concerto C174AWK, Medtronic Inc.,
Minneapolis, MN, USA). All procedures were
performed successfully without any complication.
Initially, the lower pacing rate limit was set
at 70 beats per minute (bpm). He continued
his hospitalization to adjust the medical therapy
for heart failure and CRT-D. Twelve days after
the implantation, his monitor electrocardiogram
displayed abrupt heart rate fallings below the
lower pacing rate limit (Fig. 1). Interrogated
and checked information including the lead
impedance or capture threshold did not reveal
any device problem. There were no events that
suggested noises due to the lead fracture or
electromagnetic interference. Close monitoring
was continued. Finally, we could get intracar-
diac EGM during abnormal bradycardia pacing
simultaneously (Fig. 2). The intracardiac. EGM
showed T-wave oversensing during biventricular
pacing. Time from BV (biventricular pacing spike)
to TS (ventricular sense) was 394 ms and TS
maker located near the T wave. On the other
hand, time from TS to BV was 850 ms, which
was equal to the lower pacing rate limit at
70 bpm. These facts are consistent with the fact
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Figure 1. Abrupt heart rate fallings below the lower pacing rate limit during biventricular pacing.
(A) The monitor electrocardiogram showed that abrupt bradycardia at 47 bpm started at the
middle of the third line (asterisk) and his heart rate spontaneously recovered to 70 bpm after a
while. (B) The enlarged figure of the monitor electrocardiogram showed abrupt bradycardia at

47 bpm.

of abrupt pacing heart rate fallings at 47 bpm.
We changed ventricular blanking period after the
pacing from 200 ms to 430 ms, and T-wave over-
sensing during biventricular pacing disappeared.
After adjustment of medical therapy for heart
failure, he was discharged. One month later, he
complained of multiple presyncopal episodes and
T-wave oversensing on intracardiac EGM were
observed again. T-wave sensing occurred after the
postpacing blanking period. Finally, we adjusted
programmed sensitivity from 0.6 mV to 0.9 mV
and T-wave oversensing during biventricular
pacing has never been observed since then.

Discussion

T-wave oversensing remains an annoying
problem in currently available implantable car-
dioverter defibrillators (ICDs) and CRT-D.>7 T-
wave oversensing is one of the most common
ventricular oversensing malfunction, occurring in
14% of the patients.® T-wave oversensing can be
divided into three categories: Postpacing, small
R wave, and large R wave. The most famous
malfunction regarding T-wave oversensing is
with small R wave. The ICDs automatically
adjust sensitivity in relation to the amplitude
of the preceding R wave. At the end of the
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blanking period after each sensed ventricular
event, sensitivity is decreased to a starting value
related to the amplitude of the sensed R wave and
then decreases with time to a minimum value.
This auto-adjusting sensitivity after a sensed
ventricular event is useful for detecting ventricular
fibrillation (VF) and avoiding T-wave oversensing
during sinus rhythm. However, it is sometimes dif-
ficult to avoid T-wave oversensing in ICD or CRT-D
patients with high T-wave/R-wave ratio. Patients
with an ICD or CRT-D whose device shows low-
amplitude R waves may require lower minimum
sensing thresholds to secure the detection of VF.
There is a report regarding Brugada syndrome
that the amplitude of T wave decreased and T-
wave/R-wave ratio changed spontaneously in the
clinical course, which led T-wave oversensing
and inappropriate shock.? This type of T-wave
oversensing is also reported in other heart diseases
such as hypertrophic cardiomyopathy and dilated
cardiomyopathy.’® In this situation, we try to
manage T-wave oversensing noninvasively by de-
creasing the ventricular sensitivity, programming
longer postventricular sensing refractory periods,
and increasing the detection interval count in
the tachycardia zone. However, lead revision
or the device change to another brand with
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Figure 2. Intracardiac electrogram during abnormal bradycardia pacing. (A) T-wave oversensing occurred at
ventricular sensitivity of 0.6 mV. Time from BV (biventricular pacing spike) to TS (ventricular sense) was 394 ms and
TS maker located near the T wave. And time from TS to BV was 850 ms, which was equal to the lower pacing rate
Iimit at 70 bpm. (B] T-wave oversensing disappeared after setting ventricular sensitivity by 0.9 mV.

more specific filtering to reject T-wave is often
necessary.

Postpacing T-wave oversensing can cause
inappropriate bradycardia pacing or delivery of
antitachycardia pacing at wrong rate.** This
phenomenon appears only after pacing, so it
does not induce inappropriate VF detection.
However, it could cause abnormal bradycardia
below the lower pacing rate limit, which could
be a latent risk for exacerbation of heart failure in
CRT patients. Postpacing T-wave oversensing is
relatively rare, partly because this problem is not
recognized as tachycardia event and is not stored
at device EGM. After a pacing pulse, the starting
point of the sensitivity threshold is different
from that initiated by sensing a spontaneous
R wave. A longer ventricular blanking period
is required after a ventricular paced event to
avoid sensing of T wave of paced beats. In most
ICD or CRT-D, ventricular blanking period after
bradycardia pace is programmable. In our case, we
extended postpacing blanking period in order to
avoid postpacing T-wave oversensing. However,
maximal extension of postpacing blanking period
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could not eliminate this problem so that we had
to reduce programmed sensitivity. In our case,
T-wave oversensing was transient. Although we
could not elucidate the cause of this phenomenon,
electrolytes balance, body position, and QT
interval were considered as the factors of transient
manner of this problem. Fortunately, we could
detect this event during the hospitalization.
However, these events were not recorded on their
device and frequently overlooked. Although our
patient did not develop syncope, this oversens-
ing might lead to catastrophic syncopal event.
Moreover, inappropriate bradycardia pacing could
cause heart failure deterioration, especially in a
CRT-D patient. We should recognize that T-wave
oversensing during biventricular pacing might be
overlooked and the only interrogated information
is inadequate to evaluate malfunction of CRT
device.

Conclusion

Here we experienced abrupt heart rate fallings
below the lower pacing rate limit because of
postpacing T-wave oversensing in a patient with
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CRT-D. Postpacing T-wave oversensing is rare
and this problem might be overlooked. As the
number of patients with CRT-D will increase
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Electrocardiographic Characteristics and SCN5A Mutations
in Idiopathic Ventricular Fibrillation Associated With
Early Repolarization
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Background—Recently, we and others reported that early repolarization (J wave) is associated with idiopathic ventricular
fibrillation. However, its clinical and genetic characteristics are unclear.

Methods and Results—This study included 50 patients (44 men; age, 4517 years) with idiopathic ventricular fibrillation
associated with early repolarization, and 250 age- and sex-matched healthy controls. All of the patients had experienced
arrhythmia events, and 8 (16%) had a family history of sudden death. Ventricular fibrillation was inducible by
programmed electric stimulation in 15 of 29 patients (52%). The heart rate was slower and the PR interval and QRS
duration were longer in patients with idiopathic ventricular fibrillation than in controls. We identified nonsynonymous
variants in SCN5A (resulting in A226D, L846R, and R367H) in 3 unrelated patients. These variants occur at residues
that are highly conserved across mammals. His-ventricular interval was prolonged in all of the patients carrying an
SCNS5A mutation. Sodium channel blocker challenge resulted in an augmentation of early repolarization or development
of ventricular fibrillation in all of 3 patients, but none was diagnosed with Brugada syndrome. In heterologous
expression studies, all of the mutant channels failed to generate any currents. Immunostaining revealed a trafficking
defect in A226D channels and normal trafficking in R367H and L846R channels.

Conclusions—We found reductions in heart rate and cardiac conduction and loss-of-function mutations in SCN5A in patients
with idiopathic ventricular fibrillation associated with early repolarization. These findings support the hypothesis that decreased
sodium current enhances ventricular fibrillation susceptibility. (Circ Arrhythm Electrophysiol. 2011;4:874-881.)

Key Words: arrhythmia m sodium channel m electrophysiology ®m genetics m mutations

I Early repolarization or J-wave is characterized by an
elevation at the junction between the end of the QRS
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complex and the beginning of the ST-segment (J-point) in a
12-lead ECG and generally has been considered benign for

decades.! However, early repolarization can be observed
under various negative biological conditions, such as low
body temperature and ischemia, >+ and there is increasing
evidence that early repolarization is associated with an
increased risk of ventricular fibrillation and sudden cardiac
death.>-7
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In previous studies, including our own, early repolarization
in the inferior or lateral leads was associated with pathogen-
esis in idiopathic ventricular fibrillation.>¢ Moreover, early
repolarization in the right precordial leads also has been
associated with idiopathic ventricular fibrillation.? Heritabil-
ity of early repolarization has been shown in a recent
population-based study,® and as in other arrhythmia syn-
dromes such as long QT syndrome and Brugada syndrome,©
ion channel genes are responsible for idiopathic ventricular
fibrillation associated with early repolarization.’'-'3 A muta-
tion in KCNJ8, which encodes a pore-forming subunit of the
ATP-sensitive potassium channel, has been identified in
idiopathic ventricular fibrillation with early repolariza-
tion.!"!4 Mutations in L-type calcium channel genes, includ-
ing CACNAIC, CACNB2B, and CACNA2D1, also have been
associated with idiopathic ventricular fibrillation with early
repolarization.'2

In this study, we compared electrocardiographic parame-
ters between patients with idiopathic ventricular fibrillation
and healthy controls and found that heart rate and cardiac
conduction were slow in patients with idiopathic ventricular
fibrillation. Furthermore, we screened patients with idio-
pathic ventricular fibrillation for mutations in SCN5A, which
encodes the predominant cardiac sodium channel « subunit
and is critical for cardiac conduction. Here, we present the
clinical and in vitro electrophysiological characteristics in
idiopathic ventricular fibrillation associated with early
repolarization.

Methods

Study Populations

This study included patients with idiopathic ventricular fibrillation
and early repolarization who were referred to our institutions.
Patients were diagnosed with idiopathic ventricular fibrillation if
they had no structural heart disease as identified using echocardiog-
raphy, coronary angiography, and left ventriculography. Baseline
electrophysiological studies without antiarrthythmic drugs were per-
formed based on the indication of each institution. Early repolariza-
tion was defined as an elevation of the J-point, either as QRS slurring
or notching =0.1 mV =2 consecutive leads in the 12-lead ECG.5
Patients were excluded if they had a short QT interval (corrected QT
interval using Bazett formula <340 ms) or a long QT interval
(corrected QT interval >440 ms) in the 12-lead ECG.!5:16 All
patients received sodium channel blocker challenge, and patients
with Brugada type ST-segment elevations at baseline or after sodium
channel blocker challenge were excluded.!” Twelve-lead electro-
cardiograms recorded in the absence of antiarrhythmic drugs were
compared between patients with idiopathic ventricular fibrillation
and control subjects who were matched to patients with idiopathic
ventricular fibrillation based on gender and age (patient: control
ratio, 1:5). Control subjects were selected from 86 068 consecu-
tive electrocardiograms stored in the ECG database in Niigata
University Medical and Dental Hospital from May 7, 2003 to July
2, 2009.1% Control subjects who had a normal QT interval
(corrected QT interval, 360 to 440 ms) and no cardiovascular
disease or medication use were included. Control subjects with
Brugada type ST-segment elevations or early repolarization were
excluded.

Genetic Analysis

All probands and family members who participated in the study gave
written informed consent before genetic and clinical investigations in
accordance with the standards of the Declaration of Helsinki and
local ethics committees. Genetic analysis was performed on genomic

SCNS5A Mutations and Early Repolarization 875

DNA extracted from peripheral white blood cells using standard
methods. The coding regions of KCNQI, KCNH2, SCN5A, KCNEI,
KCNE2, and KCNJ8 were amplified by PCR using exon-flanking
intronic primers,!®-2! and direct DNA sequencing was performed
using ABI 310, 3130, and 3730 genetic analyzers (Applied Biosys-
tems, Foster City, CA).22

Generation of Expression Vectors and
Transfection in Mammalian Cell Lines

Full-length human SCN5A ¢cDNA was subcloned into the mamma-
lian expression plasmid pcDNA3.1+ (Invitrogen, Carlsbad, CA).22
Mutant constructs were prepared using a QuikChange site-directed
mutagenesis kit (Stratagene, La Jolla, CA) according to the manu-
facturer’s instructions. The human cell line tsA201 was transiently
transfected with wild-type or mutant SCN5A plasmid using Lipo-
fectamine LTX (Invitrogen), in combination with a bicistronic
plasmid (pCDS8-IRES-hBI) encoding CD8 and the human sodium
channel B1 subunit (hB1) to visually identify cells expressing
heterologous hf1 using Dynabeads M-450 CD8 (Invitrogen).2
Electrophysiological measurements were performed 24 to 72 hours
after transfection.

Electrophysiology

Sodium currents were recorded using the whole-cell patch clamp
technique as previously described.?? Electrode resistance ranged
from 0.8 to 1.5 mol/L(}. Data were acquired using an Axopatch
200B patch clamp amplifier and pCLAMPS software (Axon Instru-
ments). Sodium currents were filtered at 5 kHz (—3 dB, 4-pole
Bessel filter) and were digitally sampled at 50 kHz using an
analog-to-digital interface (Digidata 1322A; Molecular Devices,
Sunnyvale, CA). Experiments were performed at room temperature
(20 to 22°C). Voltage errors were minimized using series resistance
compensation (generally 80%). Cancellation of the capacitance
transients and leak subtraction were performed using an online P/4
protocol. The time from establishing the whole-cell configuration to
the onset of recording was consistent (5 minutes) between cells to
exclude possible time-dependent shifts of steady-state inactivation.
The pulse protocol cycle time was 10 s. The data were analyzed
using Clampfit 10 (Molecular Devices) and SigmaPlot 9 software
(Aspire Software International, Ashburn, VA). The holding potential
was —120 mV. The bath solution contained the following (in mmol/
L): 145 NaCl, 4 KCl, 1.8 CaCl,, 1 MgCl,, 10 HEPES, and 10
glucose, pH 7.35 (adjusted with NaOH). The pipette solution
(intracellular solution) contained the following (in mmol/L): 10 NaF,
110 CsF, 20 CsCl, 10 EGTA, and 10 HEPES, pH 7.35 (adjusted
with CsOH).

Immunocytochemistry

For immunocytochemistry, the FLAG epitope was inserted between
residues 153 and 154 of the extracellular linker S1-S2 in domain L
The FLAG insertion into the S1-S2 linker previously has been shown
to have no effect on channel gating or cell surface expression,2223
Immunocytochemistry was performed in HEK293 cells transfected
with wild-type or mutant SCN5A plasmid as described previ-
ously.22:24 After 48 hours of transfection, the cells were washed with
phosphate-buffered saline, fixed in 4% paraformaldehyde, and
permeabilized with 0.15% Triton X-100 in phosphate-buffered
saline with 3% bovine serum albumin. Then the cells were stained
with anti-FLAG polyclonal antibody (F7425; Sigma-Aldrich, St
Louis, MO; 1:100) for 1 hour at room temperature. Protein
reacting with antibody was visualized with Alexa Fluor 568—
labeled secondary antibody (A-11011, Invitrogen, 1:1000). Im-
ages were collected using a Zeiss LSM 510 laser confocal
microscope and analyzed using LSM 4.0 software.

Data Analysis

Differences in parameters between patients with idiopathic ventric-
ular fibrillation and control subjects were analyzed using conditional
logistic regression models. To exclude the effects of multicol-
linearity among electrocardiographic parameters, each electrocar-
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Table 1.  Electrocardiographic Parameters
IVF Patients  Controls  OR (95% Cly/

N=50 N=250 10 Unit Increase P Value
Male sex, N (%) 44 (88) 220 (88)
Age, y 45+17 45+16
Heart rate, beats/min 62+9 70=14 0.62 (0.47-0.81) <0.001
PR interval, ms 17534 14720 1.32(1.22-1.43) <0.001
QRS interval, ms 96+14 89+8 1.63(1.31-2.02) <0.001
QTc, ms 388+25 397+22 0.85(0.75-0.98)  0.02

IVF indicates idiopathic ventricular fibrillation; OR, odds ratio; QTc, corrected
QT interval.

diographic parameter was separately tested in the logistic models.
All statistical analyses were performed with SPSS, version 12.0
(SPSS Inc, Chicago, IL). A 2-sided P<<0.05 was considered
statistically significant. Values are expressed as mean®SD. The
study protocol was approved by the ethics committee of each
institution.

Results

We identified 50 patients with idiopathic ventricular fibrilla-
tion and early repolarization (44 men [88%]; mean age,
4517 years). All of the patients had experienced arrhythmia
events, and 8 (16%) had a family history of sudden death.

Electrocardiographic parameters were compared between
50 patients with idiopathic ventricular fibrillation and 250
healthy control subjects without cardiovascular disease and
not taking medication who were matched with gender and age
(Table 1). The heart rate was slower, and the PR interval and
QRS duration were longer in patients with idiopathic ventric-
ular fibrillation compared with control subjects. The cor-
rected QT interval was shorter in patients with idiopathic
ventricular fibrillation than control subjects. No patient with
idiopathic ventricular fibrillation showed type I Brugada
electrocardiograms in repeated recordings.2* Sodium channel
blockers were administered in all patients, and Brugada type
electrocardiograms were not provoked in any of these pa-
tients.?> Electrophysiological study was performed in 29
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patients. His-ventricular interval was 489 ms, and 4 patients
had prolonged His-ventricular time =55 ms.2¢ Ventricular
fibrillation was inducible by programmed electric stimulation
in 15 patients (52%).

We screened for mutations in SCN5A in 26 unrelated
patients with idiopathic ventricular fibrillation and identified
3 mutations (A226D, R367H, and L846R) in 3 patients
(Figure 1, Table 2). R367H and L846R are predicted to be
located in the pore region. These mutations were not found in
the genomes of 200 healthy control individuals. Two of the
patients exhibited prolongation of the PR interval, and so-
dium channel blocker challenge was negative for Brugada
syndrome in all of them. Alignment of the amino acid
sequences from multiple species demonstrated that the amino
acids substituted by mutations are highly conserved, support-
ing the importance of these amino acids. A226D and L846R,
but not R367H, are predicted to change the electric charge of
substituted amino acids.

A missense mutation, A226D (Figure 1A), was identified
in a 36-year-old man (patient 1) resuscitated from ventricular
fibrillation. He had experienced multiple episodes of syn-
cope. The physical examination and echocardiography were
normal. His ECG showed prolongation of the PR interval and
early repolarization in leads II, III, and aVF, and J-point/ST-
segment elevation in lead V1 (Figure 2A). Administration of
pilsicainide augmented early repolarization in the inferior
leads and induced ventricular fibrillation, but did not produce
a type I Brugada ECG in the right precordial leads (Figure
2B). Electrophysiological study revealed prolongation of
His-ventricular interval (68 ms), and ventricular fibrillation
was induced by programmed electric stimulation. The pa-
tient’s family history was negative for syncope, sudden
cardiac death, and epilepsy.

A missense mutation L846R (Figure 1B) was identified in
a 27-year-old man (patient 2). He was admitted after multiple
episodes of syncope, and polymorphic ventricular tachycardia
was documented when he lost consciousness. The physical
examination and echocardiography were normal. His ECG

367 Figure 1. Mutations in SCN5A identified
H in patients with idiopathic ventricular

FLALFRLMTQD fibrillation associated with early repolar-
FLALFRLMTQD ization. A, The ¢.677C—A mutation in
FLALFRILMTQD SCNS5A resulting in p.A226D found in
patient 1. B, The ¢.2537T—G mutation in
SCN5A, resulting in p.L846R found in
patient 2. C, The ¢.1100G—A mutation
in SCN5A, resulting in p.R367H found in
patient 3. We previously reported the
R367H mutation (modified from Takehara
et al??). D, Predictive topology of the
SCNB5A channel. Circles indicate the
locations of the mutations.
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Table 2.  Characteristics of Idiopathic Ventricular Fibrillation Patients With SCN5A Mutations
Patient Age at Family History Presenting Location of Other ECG Response to Sodium Amino Acid
No. Sex Onset () of SCD Symptom J Wave Abnormalities Channel Blocker Substitution
1 M 36 N Aborted SCD I, I, avF, v1 PR prolongation Augmentation of J-point A226D

amplitude and VF
2 M 27 Y Aborted SCD I, 1, I, avF PR prolongation Marked QRS prolongation L846R
and VF

3 F 37 N Aborted SCD I, N, avF, v2 N Augmentation of J-point R367H

amplitude and marked
QRS prolongation

ECG indicates electrocardiogram; SCD, sudden cardiac death.

showed prolongation of the PR interval and early repolariza-
tion in lead I (Figure 2C). During the recovery phase of
exercise testing, the amplitude of the J-point/ST-segment was
augmented in leads I, II, III, and aVF, and ventricular
fibrillation was induced. Pilsicainide caused marked prolon-
gation of QRS duration and augmented the J-point/ST-
segment amplitude in leads V1 and V2, followed by the
development of ventricular fibrillation (Figure 2C and 2D).
Pilsicainide did not produce a type I Brugada ECG. During
electrophysiological study, His-ventricular interval was 55
ms. His uncle died suddenly.

We previously reported a missense mutation R367H in
patient 3 as a case with Brugada syndrome (Figure 1C).?”

A Patient 1, baseline B Patient 1, pilsicainide

However, idiopathic ventricular fibrillation associated with
early repolarization was diagnosed at a later time because a
type 1 Brugada ECG has never been seen spontaneously or
after the administration of sodium channel blocker in more
than 1 right precordial lead, and thus the diagnostic criteria
for Brugada syndrome were not fulfilled.2> When the patient
admitted to the hospital after recurrent episodes of syncope,
early repolarization was present in the inferior and right
precordial leads (Figure 2E). After sinus pause, early repo-
larization was augmented in leads II, III, and aVF, followed
by the development of ventricular fibrillation after a few
hours of the admission (Figure 2F). Procainamide further
exaggerated early repolarization but did not produce a type I
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Figure 2. Electrocardiograms of patients
with idiopathic ventricular fibrillation and
a mutation in SCN5A. A, Early repolariza-
tion was present in the inferior and right
precordial leads in patient 1. B, After
administration of pilsicainide, early repo-
larization was augmented and ventricular
fibrillation developed. C and D, Pilsicain-
ide caused marked prolongation of QRS
duration and J-point elevation in the right
precordial leads, followed by the devel-
opment of ventricular fibrillation in
patient 2. E, Early repolarization was
present in the inferior leads and right
precordial leads in patient 3. F, The aug-
mentation of early repolarization after
sinus pause, followed by ventricular
fibrillation. G, After the administration of
procainamide, early repolarization was
augmented in the inferior. In all patients,
sodium channel blockers did not pro-
voke a type | Brugada ECG. E, F, and G
were modified from Takehara et al.2”
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Figure 3. Electrophysiological characteristics of the SCN5A
mutants. Representative traces of sodium current demonstrating
that all of the mutant channels failed to generate any currents.
We previously reported that R367H mutant fails to generate any
currents.??

Brugada ECG (Figure 2G). During electrophysiological
study, His-ventricular time was prolonged (65 ms) and
ventricular fibrillation was not induced. The patient’s family
history was negative for syncope, sudden cardiac death, and
epilepsy.

The electrophysiological characteristics of the mutant so-
dium channels were assessed in transfected mammalian cells
using the whole-cell patch-clamp technique. Figure 3 shows
representative current traces in cells expressing wild-type or
mutant SCN5A channels. There was no detectable current in
A226D, R367H,>” and L846R mutant channels. Immuno-
staining revealed that cells expressing A226D channels
showed cytoplasmic fluorescence, while cells expressing
wild-type channels showed marked peripheral fluorescence,
suggesting that the mutation results in trafficking defect
(Figure 4). Cells expressing R367H channels and those
expressing L846R channels showed a similar fluorescence
pattern to wild-type channels, suggesting that these mutations
do not affect trafficking.

Discussion

In this study, patients with idiopathic ventricular fibrillation
associated with early repolarization exhibited slower heart
rate and slower cardiac conduction properties than did con-
trols. We found rare, nonsynonymous variants in SCN5A in
patients who had idiopathic ventricular fibrillation associated
with early repolarization. These variants affect highly con-
served residues, and all of the mutant SCN5A channels failed
to generate any currents when expressed in heterologous
expression systems. Immunostaining experiments suggested
2 possible mechanisms for the sodium channel dysfunction
by the SCN5A mutations, a defect of channel trafficking to
cell surface in A226D and critical alterations of the structures
required for the sodium ion permeation or gating in R367H
and L846R that are predicted to be located at the pore region.

Loss-of-function mutations in SCN5A are associated with a
wide range of inherited arrhythmia syndromes, including
Brugada syndrome, progressive cardiac conduction disease,
and sick sinus syndrome.28-30 Furthermore, our results sug-
gest that SCNSA is a causative gene of idiopathic ventricular
fibrillation associated with early repolarization. Evidence
supporting disease causality of the mutations includes the

December 2011

.~ Wild-type

10 ym

Figure 4. Representative confocal microscopy images. A, Cells
expressing wild-type SCN5A channels showed marked periph-
eral fluorescence. B, Cells expressing A226D channels showed
cytoplasmic fluorescence. C and D, Cells expressing R367H
channels and those expressing L846R channels showed a simi-
lar fluorescence pattern to wild-type channels.

identification of 3 mutations in 3 unrelated probands who
shared similar clinical phenotypes and the loss of sodium
channel function effects in heterologous expression systems
in all of the mutant channels.

Although our findings suggest that loss of sodium channel
function plays a role in idiopathic ventricular fibrillation
associated with early repolarization, the mechanisms of early
repolarization are not understood well. In wedge preparations
of canine ventricles, early repolarization results from in-
creased action potential notches at the ventricular epicardium
by either a decrease in inward currents or an increase in
outward currents.?! A mutation in KCNJ8, which encodes the
ATP-sensitive potassium channel, recently has been identi-
fied in idiopathic ventricular fibrillation associated with early
repolarization.!! The KCNJS mutation has shown gain-of-
function effects in ATP-sensitive potassium channels in
heterologous expression studies,'# and augmentation of ATP-
sensitive potassium currents results in the development of
ventricular fibrillation in wedge preparations.??> Decreased
calcium currents also have been proposed as a mechanism for
idiopathic ventricular fibrillation associated with early repo-
larization.?* Mutations in L-type calcium channel genes,
including CACNAIC, CACNB2B, and CACNA2D], recently
have been identified; however, functional studies are not yet
available.'? Our findings that mutant SCN5A channels dis-
played loss of sodium channel function, resulting in a
decrease of inward currents, are consistent with findings in
prior studies and with the proposed mechanism.!!!2.14,33
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In this study, heart rate and cardiac conduction were slower
in patients with idiopathic ventricular fibrillation than in
healthy controls. Furthermore, His-ventricular interval was
prolonged in all of the patients carrying an SCN5A mutation.
Reductions in heart rate and conduction may result from
underlying electrophysiological abnormalities in idiopathic
ventricular fibrillation. In addition to the maintenance of the
action potential dome, normal impulse generation and prop-
agation are dependent critically on normal sodium channel
function,3* and reductions in heart rate and conduction we
observed here can be partially explained by loss-of-function
mutations in SCN5A. Viskin et al initially reported the
association of short QT interval with idiopathic ventricular
fibrillation,3> and the recent study also showed that corrected
QT interval is shorter in idiopathic ventricular fibrillation
patients with early repolarization than those without early
repolarization.> In this study, corrected QT interval was
shorter in patients with idiopathic ventricular fibrillation than
in healthy controls, in line with the previous findings.535
Furthermore, we have previously reported that early repolar-
ization is frequently found in patients with short QT syn-
drome.!® There may be the association between short QT
interval and early repolarization, although the mechanism is
unknown.

Idiopathic ventricular fibrillation associated with early
repolarization and Brugada syndrome characterized by
J-point/ST-segment elevation in the right precordial leads
share genetic, clinical, and pharmacological characteris-
tics.58:12,17:25,33,36-41 Rare variants in genes encoding L-type
calcium channel and ATP-sensitive potassium channel have
been associated with both diseases.!2143¢ Defects in SCN5A
are responsible for Brugada syndrome, and we found that
mutations in SCN5A were possible causative genetic factors
in idiopathic ventricular fibrillation associated with early
repolarization. Furthermore, an R367H SCN5A mutation
identified in this study also has been reported in a family
affected by Brugada syndrome.3” However, the mechanism
by which loss of sodium channel function results in either
Brugada syndrome or idiopathic ventricular fibrillation asso-
ciated with early repolarization is unknown, similar to that in
other arrhythmia phenotypes caused by loss of function
mutations in SCN5A, the so called cardiac sodium channelo-
pathies.#? There may be other genetic or environmental
factors that modify the clinical phenotype. Although the
association of inferolateral early repolarization with idio-
pathic ventricular fibrillation has been initially reported,
early repolarization in the right precordial leads, where
Brugada type electrocardiograms can be seen, also has been
associated with idiopathic ventricular fibrillation.825 In this
study, 2 of the 3 patients carrying an SCN5A mutation showed
J-point elevation in the right precordial leads, but did not
show diagnostic Brugada type ST-segment elevations in
multiple ECG recordings even after sodium channel blocker
challenge. Sinus node dysfunction and conduction disorders
often are seen in Brugada syndrome, and we observed similar
electrocardiographic characteristics in idiopathic ventricular
fibrillation.!”?5 Bradycardia-dependent augmentation of
J-point amplitude has been reported in both diseases and we
observed similar changes of J-wave in a patient carrying
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SCN5A mutation.*>* The recent studies have shown that
early repolarization is found in 14 to 24% of patients with
Brugada syndrome, and that early repolarization is associated
with the increased risk of arrthythmia events, 245 although the
role of early repolarization in Brugada syndrome is not clear.
The electrocardiographic manifestations of Brugada syn-
drome may be unmasked or augmented by sodium channel
blockers.!”-25 In our present and prior studies, the administra-
tion of sodium channel blockers resulted in the augmentation
of J-point amplitude or development of ventricular fibrillation
in patients with idiopathic ventricular fibrillation.*¢ The
efficacy of isoproterenol and quinidine also is common in
both diseases.8:17:25:38-41

In conclusion, we have shown reductions in heart rate and
cardiac conduction in patients with idiopathic ventricular
fibrillation associated with early repolarization. We identified
SCN5A mutations in patients with idiopathic ventricular
fibrillation and showed that mutant channels did not generate
any currents. These findings implicate that SCN5A is a
disease gene for idiopathic ventricular fibrillation associated
with early repolarization, and that it plays a role in the
electrocardiographic characteristics of idiopathic ventricular
fibrillation, at least in part.
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CLINICAL PERSPECTIVE

Idiopathic ventricular fibrillation associated with early repolarization is a new arrhythmia syndrome entity, although early
repolarization has been considered benign for decades. Early repolarization is a heritable electrocardiographic phenotype
and there is a positive family history in 10 to 20% of patients with idiopathic ventricular fibrillation associated with early
repolarization. Recent studies have identified the causative genes of the arrhythmia, all of which are associated also with
Brugada syndrome. In this study, SCNSA, which encodes the predominant cardiac sodium channel « subunit and is critical
for cardiac conduction, was screened in patients with idiopathic ventricular fibrillation associated with early repolarization.
The screening identified 3 patients carrying an SCN5A mutation, and His-ventricular interval was prolonged in all patients.
All of the mutations are predicted to substitute amino acids highly conserved across species and failed to produce any
detectable sodium current. To identify electrophysiological characteristics in idiopathic ventricular fibrillation associated
with early repolarization, we compared electrocardiograms between patients with the arrhythmia and healthy controls. We
found that patients with the arrhythmia exhibited slower heart rate and slower cardiac conduction properties than controls.
Our findings suggest that there are underlying electrophysiological abnormalities resulting in slow heart rate, slow cardiac
conduction, early repolarization, and ventricular fibrillation, partially explained by sodium channel dysfunction. Idiopathic
ventricular fibrillation associated with early repolarization and Brugada syndrome share genetic, clinical, and pharmaco-
logical characteristics, but other factors that modify the clinical phenotypes are unknown. Further studies to identify the
modifiers are warranted.
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Various clinical data demonstrate that cardiac resynchronization therapy (CRT) provides a favorable
structural as well as electrical remodéling. The CArdiac Resynchronization—Heart Failure -$tudy,
which tested the pure effect of CRT (using CRT devices without the capability of defibrillation)
clearly showed a significant reduction in the total mortality by partly preventing sudden cardiac
death. The anharrhythmlc effects of CRT are explained, at least in part, by ionic and- genetic
modulation of ventricular myocytes. It has been revealed in animal experiments to mimic
disorganized ventricular contraction that CRT reverses down-regulation of certain K* channels and
abnormal Ca* homeostasis in the falhng heart. However, CRT can be proarrhythmlc in some
particular cases especially in the early phase of this therapy. According to our study, proarthythmic
effects after CRT can be observed in approximately 10% of patlénts The relatively high incidence of
the proarrthythmiic effects of CRT may promote a trend toward selecting CRT-D rather than CRT-P.

Abstract’
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Introduction

. Various clinical data demonstrate that cardiac resynchro-
nization therapy (CRT) provides a favorable structural as well

as electrical. remodeling.’” The CArdiac Resynchroniza-’

tion—Heart Failure (CARE-HF) study, which tested the pure
effect of CRT (using CRT devices without the capability of
defibrillation) clearly showed a significant reduction in the
total mortality by partly preventing sudden cardiac death
(SCD).>® The antiarthythmic effects of CRT are attributable
to reversal of structural and electrical remodeling of the left
ventricle -(LV) in association of heart failure toward the
. creation of substrates for reentry of excitation.

However, epicardial LV pacing can also be proarrhythrmc
through an induction of heterogeneous ventricular depolar-
ization and repolarization resulting from nonphyswloglcal

propagation of excitation. 7 In the present article, we
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~discuss such a dual potential of CRT toward prevention and
promotion of arrhythnuas

Proarrhythmic effects of CRT

Fig. 1 shows a representative case in whom the
proarthytmic effects of CRT were highly suspected. This

" patient had a long history (>20 years) of heart failure and

complete left bundle branch block (CLBBB) without any
significant ventricular arthythmias. The first VF episode
developed only 6 days after implantation of CRT P, glvmgb ’
us a warning against a proarrhythmic risk of CRT even in
patients without history of serious ventricular arrhythmias.

Our study

We investigated “early development of lethal arrhyth-
mic events after CRT.”'® The condition of patients
enrolled was defined as follows: (1) no previous episodes
of sustained VT/VF or syncope before the CRT implan-

~ tation, (2) new development of sustained VI/VF, SCD, or

appropriate shocks delivered by a CRT-D within 6 months
after implantation of CRT: Fifty-one consecutive patients
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Fig. 1. A case with newly development of VF 6 days after implantation of CRT pacemaker (CRT-P). A, CRT-P was implanted in heart failure patient with
CLBBB and permanent AF. Because of AF, occasional conducted QRS complexes with CLBBB configuration are seen. B, This patient had a long history (>20
years) of heart failure and CLBBB without any significant ventricular arrhythmias. The patlcnt showed the first VF episode only 6 days after implantation of

CRT-P, giving us a waming against a proa:rhythmlc risk of CRT.

who underwent CRT ‘were included in this study. We
excluded the patients who had a worse New York Heart
Association (NYHA) functional class after the CRT and
who had VT episodes that were terminated only by
antitachycardia  pacing. The early development of lethal
arthythmic events after the CRT was observed in .6
(11.7%) of 51 patients. They were divided into 2 groups
according to the presence of early phase events: a group
with events (group E, n = 6) and a group without events

(group non-E, n = 45), and we compared several clinical |

parameters | such as the baseline NYHA functional class,

response to CRT (responder or nonresponder) underlying -

heart disease, antiarrhythmic drug usage, and preexisting

arrhythmias (atrial fibrillation [AF] and nonsustained VT .

[NSVT]) between the 2 groups. There was no significant

difference between the 2 groups for all the parameters .

except for preexisting arrhythmias. Preexisting AF and
NSVT of 5 bursts or more were observed more frequently

~ in group E than group non-E (6/6 vs 20/45, P < .01 and

6/6 vs 17/45, P < .01, respectively, Fig. 2). These
observations suggest that preexisting AF and NSVT may
be important predictors for the proarthythmic risk of CRT
implantation regardless of the hemodynamic response of
the subjects.

Mechanism of the proarrhythmic effects of CRT

The transvenous insertion of an LV lead into a cardiac

~ vein on the epicardial surface of the heart is an essentlal

technique to obtain safe and stable long-term LV pacing.’

‘This technique produces nonphysiological propagation of

the excitation from the epicardium to endocardium and may
lead to an increase in the dispersion of the repolarization
because the epicardial ventricular muscle having shorter
action potential duration (APD) is excited earlier than the
endocardial ventricular muscle having longer APD. This
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Fig. 2. Preexisting arthythmias in the patients with (group E) and those

without (group non-E) early development of lethal arrthythmic events after.
CRT. Preexisting AF and NSVT were observed more frequently in group E
than group non-E (6/6 vs 19/45, P < .01, and 6/6 vs 17/45, P < .01,
respectively).

may set a sage for reentry of excitation causing VTI/VF.
Spatially heterogenous prolongation of APD in the ventricle
of failing hearts may further facilitate the- initiation and
perpetuation of reentrant arrhythmias. >

Right ventricular (RV) pacing induces a significant
LBBB pattern and sometimes leads to the deterioration in
the LV function. Upgrading from a traditional RV
pacemaker to a biventricular (Bi-V) pacemaker is highly

- recommended.for patients with a reduced cardiac function
. and atrioventricular (AV) block (block).*

Recently, an intriguing case' of idiopathic dilated
cardiomyopathy with heart failure and complete' AV block
was reported by Ikutomi et al,'® where upgrading from the

preexisting VDD pacemaker to CRT-D resulted in a
significant proarthythmia. Upgrading from the preexisting

VDD pacemaker to .CRT-D was performed aiming to

improve the heart failure. A marked QT prolongation and
torsade de. pointes (TdP) occurred immediately after
switching from RV pacing to LV or Bi-V pacing. Several
weeks later, however, Bi-V pacing caused: only moderate
QT prolongation without TdP induction. The Bi-V pacing
was able to be continued thereafter, and QT interval
shortened gradually in assocxatlon with" improvement of
heart failure. It is suggested from this report that
proarrhythmic risk of Bi-V pacing is most remarkable in
the early phase of CRT, and it may decrease in the remote
phase probably through a reversal of (or adaptation to) the
electrical remodeling of the heart.

Another mechanism  of proarrhythmia with CRT is
relevant to preexisting anatomical. structure in favor of
‘reentry. We' experienced a case of nonischemic dilated
cardiomyopathy (65 year old man) with heart failure,
complete AV block and permanent AF. ICD had been
‘implanted for the treatment of monomorphic sustained VT.

During a 3-year follow-up period, the patient experienced

sporadic electrical therapies, but his heart failure condition
deteriorated gradually to NYHA III/IV. We, therefore,
decided to upgrade from ICD to CRT-D. A CRT-D was
implanted through thoracotomy. He responded well to CRT-

" in near future.!

D, giving rise to an improvement of NYHA class from II/IV

to.II. One month later, however, he was admitted in the -
emergency department of our hospital because of frequent

episodes of sustained monomorphic VT (an electrical storm).
The VT was terminated repeatedly by antitachycardia pacing

(Fig. 3A). There were no other factors of proarrhythmia
(such as worsening of heart failure or electrolyte imbalance)
than Bi-V pacing. After switching from Bi-V to RV pacing,
the electrical storm terminated immediately (Fig. 3B). When
the pacing turned back to Bi-V pacing, the electrical storm

‘reappeared right away (Fig. 3B). The proarrthythmia of Bi-V

pacing in this patient could be explained by an entrance of
wave front from LV pacing site into preexisting reentry
circuits. Amsotroplc fiber orientation in the LV myocardium

- or summation of depolarizing waves is considered to be

involved in such events favoring the electrical storm. '%!

Future device.

Advanced technology using transseptal (transmitral) lead
approach will prov1de safe and stable endocardia LV pacing
8 This technique will resolve proarthythmic
issues of epicardial approach by producing more physiolog-
ical propagation of depolarization through LV, and it will
also allow us to implant the LV Iead regardless of cardiac

" vein anatomy.

Antiarrhythmic effects of CRT

CRT is expected to prevent life-threatening ventricular
arrhythmias in the failing heart because the procedure would
cause a reversal of structural and electrical remodeling,
favoring reentry of excitation.'” Tanabe et al'® reported the
apparent antiarthythmic effeet of CRT in a patient with

idiopathic dilated cardiomyopathy who experienced an

electrical storm' (frequent monomorphic sustained VT) after
implantation of ICD. They performed an acute study with Bi-
V pacing before the CRT-D implantation and confirmed an
immediate improvement in the systemic hypotension and
degree of mitral regurgitation . during the Bi-V pacing.
Application of CRT to this patient resulted in an immediate
hemodynamic mprovement in association with complete
elimination of the electrical storm, which had been resistant
to pharmacological therapies.

An analysis of the combined InSync-ICD and Contact-
CD patients demonstrated that CRT was associated with no
significant change in the incidence of polymorphic VT or
monomorphic VT.?® However, other reports showed data
revealing that the incidence of malignant VT was reduced
following CRT.!%21-23 Based on these results, CRT has
favorable or at least no harmful effects on substrates for VT/
VF in heart failure patients,

As previously mentioned, the CARE-HF study demon-
strated a significant’ improvement in the SCD rate.®
However, - in that trial, the survival curves showing the
freedom from all causes of death in the control and CRT
group began to separate approximately 200 days after the
randomization. On the othér hand, the survival curves of

SCD started to separate after approximately 700 days. The
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Fig. 3. Proarthythmic effects of CRT in a patient of dilated cardiomyopathy (65

10 sec

-year-old man) with heart failure, complete AV block, and permanent AF. ICD

had been imi)lanted for the treatment of monomorphic sustained VT. Because of deterioration of heart failure, we upgraded from ICD to CRT-D. He responded

well to CRT, giving rise to improvement of NYHA classes. One month later, however, he was experienced frequent episodes of sustained monomorphic VT,
which were terminated repeated by antitachycardia pacing (A). After switching from Bi-V to RV pacing, the electrical storm terminated immediately (B, upward

right ventricular pacing.

antiarrhythmic effect of CRT to prevent SCD might require
sufficient time for reversal of structural and electrical
remodeling of the heart, although this interpretation remains
to be substantiated. o .

Effects on AF

The incidence of AF increases with an advancing NHYA

cardiac functional clz:lss.z""?5 The contribution of the atrial»

contraction to the cardiac performance in a normal heart is
considered to be small. However, the development of AF ina
failing heart significantly affects the cardiac dysfunction by
diminishing the atrial kick (AV synchrony). Inappropriate
rapid ventricular rate with irregular R-R intervals may also
contribute the cardiac dysfunction. 26-28 -
Optimization of the left AV conduction delay and a
simultaneous contraction of the entire LV reduces the LV
end-diastolic pressure, leading to a reduction of wall stress in
the LV and LA in favor or termination and prevention of AF.
‘We experienced 2 cases in whom long-lasting AF was

terminated and sinus rhythm has been maintained thereafter.

arrowhead). When the pacing turned back to Bi-V, the electrical storm reappeared right away (B, downward arrowhead). ppm indicates pacing per minute, RV,

Because we did not expect the termination of the AF after the
CRT, we did not implant an atrial lead. In cases with
unexpected restoration of sinus rhythm as in this patient, Bi-
V pacing with the VVI mode may provoke pacemaker
syndrome. We need to lean certain parameters predicting
conversion from AF to sinus rhythm after CRT implantation.

Delnoy et al?® reported their experience in 96 CRT
patients with permanent or persistent AF. They implanted
atrial leads in patients ‘with AF lasting less than 2-years and

followed them up for 2 years. Antiarrhythmic drug therapy
 (mainly amiodarone) was used after CRT implantation to

resume or to preserve sinus rhythm. In that study, 25% of
96 AF patients were in sinus rhythm after 1 year. Eight
patients received cardioversion at the time of the implant,

‘whereas 16 patients reverted to sinus rhythm spontaneously.

At 2 years, 21% of the AF group was in sinus thythm. This
study suggests that amiodarone treatment after cardiover-
sion is promising in CRT patients with AF for resumption
and preservation of sinus rhythm. They recommended that
the implantation of an atrial lead may have merit in CRT
patients with AF lasting less than 2 years. AV synchrony
obtained by an atrial lead may dramatically improve the
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‘heart failure, but in the case of those without a lead,
reversion to sinus rhythm may provoke pacemaker
syndrome and an insufficient improvement. '

-Genetic aspects of reverse electrical remodeling

“The electxophysmlogm hallmark of cells and tissue
isolated from failing hearts is the prolongation of the APD
- and a conduction delay. 3031 Th human studies and a number

of animal models of heart failure, functional down—regulation ‘

of K™ currents and alterations in depolarizing Na™ and Ca?*
currents and transporters are demonstrated. In experiments
on dog of heart failure induced by dyssynchronous LV
contraction (DHF), Aiba et al'? and Aiba and Tomasellj 3
have shown that CRT partially restores DHF-induced ion
channel remodeling and abnormal Ca** homoeostasis and
 attenuates the regional heterogeneity of APD. CRT was also
shown to improve B-adremergic responsiveness of Ca?"

handling in the DHF model. Such electrophysiological

changes induced by CRT may suppress ventricular arrhyth-
mias favonng a better survival.?

Conclusions

CRT can be proarthythmic in some particular cases
especially in the early phase of this-therapy until electrical

reverse remodeling has become established. According to -
our study, proarrhythmic effects after CRT can be observed .

in approximately 10% of patients. The relatively high
incidence of the proarrhythmic effects of CRT may promote
a trend toward selecting CRT-D rather than CRT-P.
Indeed, CRT can be antiarryhthmic. Even in the early phase
‘after beginhing CRT, it immediately improves the hemody-.
namic situation. A decrease of the LV endodiastolic pressure
would ameliorate the stretch-induced arrhythmogenic alter-
ations of ionic currents. In patients who ideally respond to
' CRT, it creates structural reverse remodeling accompanied by
electrical reverse remodelmg in the remote phase. Once such a
striking reverse remodeling has been established, CRT acts as a
potent antiarrhythmic treatment thereafter.
The antiarthtymic effects of CRT have come to be
explained by the viewpoint of the ionic and genetic
regulation of the myocytes.
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Incessant Monomorphic Ventricular Tachycardia Induced
by the Proarrhythmic Effect of Amiodarone
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Atsushi Doi, Yuko Yamada, Hideo Okamura, Kazuhiro Satomi, Takeshi Aiba,
Wataru Shimizu, Kazuhiro Suyama, Naohiko Aihara and Shiro Kamakura

Abstract

This case report describes incessant monomorphic ventricular tachycardia (VT), not Torsade de Pointes, in-
duced by intravenous amiodarone in a 48-year-old woman with dilated cardiomyopathy. VT was reproducibly
triggered by short coupled premature ventricular complex (PVC) with different morphology from VT. After
amiodarone infusion, the coupling interval of initiating PVC was prolonged, and moreover, the morphology
of initiating PVC became the same as that of VT. Though amiodarone has become the first line drug to treat
venfricular tachyarrhythmias in patients with cardiac dysfunction, it is important to be aware of its proar-
rhythmic effect, which may lead to an electrical storm of monomorphic VT.

Key words: monomorphic ventricular tachycardia, amiodarone, proarrhythmia, Torsade de Pointes, class III

antiarrhythmic

(Intern Med 50: 2591-2595, 2011)
(DOI: 10.2169/internalmedicine.50.5588)

Introduction

Ventricular tachycardia/fibrillation (VI/VF) is one of the
major causes of death in patients with structural heart dis-
ease. Amiodarone, which is classified as a class-III antiar-
rhythmic agent, is considered as the most efficacious agent
even for patients with severe cardiac dysfunction (1). Amio-
darone has been broadly used in the emergency department
of outpatient clinics, and it is also well known that the elec-
trophysiological effect of amiodarone is different when it is
administered orally or intravenously (2). Although proar-
rhythmic effects of amiodarone are rare, some patients occa-
sionally develop polymorphic VT of Torsade de Pointes
(TdP) (3, 4). We present an unusual case with incessant
monomorphic VT, not TdP, induced after amiodarone infu-
sion.

Case Report

A 48-year-old woman was admitted to our hospital due to

sudden palpitation, and dyspnea. She had been diagnosed as
idiopathic dilated cardiomyopathy when she was 24 years
old and treated with carvedilol, digoxin, and enalapril. Her
family history included dilated cardiomyopathy in her
brother, sister, and son. She had been seemingly healthy un-
til the morning of the day of admission. She suddenly rec-
ognized palpitation, dyspnea, and cold sweat when she was
riding her bicycle. Though those symptoms were relieved
with 15 minutes’ rest, she felt disturbed pulse. She pre-
sented to our emergency department immediately.

She felt no symptom on admission. Chest radiogram
showed cardiomegaly. Her electrocardiogram (ECG) showed
sinus rhythm of 84 beats/min with occasional premature
ventricular complexes (PVCs) (Fig. 1A). After admission,
we evaluated her clinical picture. Her echocardiogram
showed a markedly dilated left ventricle (Dd/Ds 77/63 mm)
with the left ventricular ejection fraction of 17%. Blood
tests revealed no significant abnormalities including electro-
lyte disturbance. Suddenly, recurrent ventricular tachycardia
(VT) was observed on her monitoring ECG during the hos-
pitalization (Fig. 1B). There were no significant triggers of
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Twelve-lead electrocardiograms (ECGs) on admission and during ventricular tachycar-

dia (VT) before and after amiodarone. The ECG showed sinus rhythm of 84 beats per minute with
first degree atrio-ventricular block, and occasional premature ventricular complexes (PVC) (A). Be-
fore amiodarone administration, the QRS morphology of incessant VT was right bundle branch
block morphology with superior axis (B). After amiodarone administration, the QRS morphology of
VT was also similar to that of VT before amiodarone, but VT rate decreased to 150 beats per minute

©.

arrhythmia such as a change in drug dosage, electrolyte dis-
turbance, infection, or exercise. VT rate was 170 beats/min
and she complained of palpitation.

After 125 mg of amiodarone was administered intrave-
nously over 10 minutes, continuous intravenous administra-
tion (40 mg per hour) was given. An hour after starting
amiodarone, the VT rate decreased to 150 beats/min but the
duration of VT was still prolonged (Fig. 1C). Moreover, the
morphology of the initiating PVC was changed. Before
amiodarone, VT was triggered by PVC of which the mor-
phology differed from that of VT (Fig. 2A). After one hour
of intravenous amiodarone, the culprit PVC in the baseline
was completely eliminated, and then sustained VT was trig-
gered by the PVC, whose morphology was virtually identi-
cal to the sustained VT (Fig. 2B).

During sinus rhythm, QRS duration was prolonged from
130 ms to 160 ms, and the corrected QT interval was also
prolonged from 370 ms to 400 ms (Fig. 3). VT of more
than 3 beats was found three times and they lasted in total
for 4 minutes and 10 seconds in the 15-minute period before
amiodarone. Before discontinuation of amiodarone, VT was
found to occur 5 times and lasted for 9 minutes and 40 sec-
onds in the 15-minute period.

We discontinued amiodarone, and administered 12 mg of
nifekalant, pure IKr blocker, over 5 minutes intravenously
followed by a continuous dose of 9 mg per hour. About 7
minutes after starting nifekalant, VT disappeared completely.
QRS duration was not changed (160 ms), but the corrected

QT interval was markedly prolonged to 520 ms.

Administration of sotalol (80 mg per day) made it possi-
ble to withdraw nifekalant. Because her heart rate tended to
be low, and an increase in (-blocker dosage was considered
necessary, CRT-D implantation was conducted. After the in-
crease of carvedilol to 10 mg per day, she was discharged
from our hospital.

Discussion

Several studies have demonstrated the usefulness of intra-
venous amiodarone and it is now recommended as a first-
line drug for treatment of VT (5). While intravenous amio-
darone is generally regarded as a safe treatment, there are
several reports on proarrhythmia inducing TdP under certain
conditions including electrolyte imbalance (3, 4, 6, 7). In the
present case, incessant monomorphic VT, not TdP, was in-
duced after injection of intravenous amiodarone. As far as
we know, this is the first report on monomorphic VT in-
duced after amiodarone infusion. Moreover, the amiodarone
efficacy in the treatment of stable VT has not been fully elu-
cidated (8-10).

The incessant VT in this patient, who had structural heart
disease, maintained regular beats and was reproducibly in-
duced by relatively short coupled PVC. VT always termi-
nated and reappeared spontaneously and the VT cycle length
was gradually prolonged (about 10%) before spontaneous
termination. These findings supported the reentrant mecha-
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