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Abstract

The aim of the present study is to review the literature
and discuss nifekalant’s potential use as a first aid drug
in an emergency care setting. The PubMed database
was used to identify papers, using keywords nifeka-
lant, MS-551, amiodarone and lidocaine. Nifekalant
hydrochloride, formally known as MS-551, is a class I
antiarrhythmic agent which acts only by increasing the
time course of myocardial repolarization. It was devel-
oped and is currently being used only in Japan for the
treatment of ventricular tachyarrhythmias. It is a non-
selective K™ channel blocker without any B-blocking
actions. Administration of nifekalant suppressed sus-
tained ventricular tachyarrhythmias in acute coronary
syndrome patients, and in cardiac arrest victims as well
as during or after cardiac surgery. The major adverse
effect of nifekalant is QT interval prolongation and oc-
currence of torsades de pointes which requires frequent
monitoring of the QT interval during nifekalant infusion
with adequate dose adjustment. Nifekalant is a possible
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effective antiarrhythmic agent for refractory ventricular
tachyarrhythmias. Further clinical studies are required
before nifekalant is routinely used in the emergency
care setting.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Intravenous amiodarone is considered to be the drug of

choice for the treatment of ventricular tachycardia/fibril-
lation (VT/VF) in emetrgency care medicine. However,
amiodarone does not have a prompt onset of effect; its
onset of action is 6-8 h after administration. Further-
more, its intravenous use is occasionally accompanied by
adverse effects such as hypotension and bradycardia”.
These effects make its use as rescue medication in life-
threatening situations difficult.
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On the other hand, lidocaine is a class 1 b antiarrhyth-
mic drug with a modest negative inotropic effect on car-
diac function. Although it has been widely used for the
treatment of ventricular tachyarrhythmias it was excluded
from the list of drugs that can be used to treat such at-
rhythmias in acute coronary syndrome (ACS) patients be-
cause there was no evidence to support its antiarrhythmic
effect on sustained VI /VF, according to the guidelines
for “the management of patients with ST-elevation myo-

»[3]

cardial infarction”” or “cardiopulmonary resuscitation

and emergency cardiovascular care”!",

Recently, researchers have focused on newer class Il
antiarrhythmic agents such as nifekalant hydrochloride,
which act only by increasing the time course of myocar-
dial repolarization. Nifekalant is available only for intra-
venous injection for the treatment of ventricular tachyar-
rhythmias and was approved in Japan in June 1999. It was
developed and is currently being used only in Japan. The
purpose of this paper is to review the literature and dis-
cuss its potential use as a first aid drug in an emergency
care setting.

LITERATURE SEARCH

The PubMed database was used to identify papers, using
keywords: nifekalant hydrochloride, MS-551, amiodarone,
lidocaine. Articles published between January 1, 1993 and
January 31, 2011 were retrieved. Reference lists of papers

were searched to identify relevant publications. Forty-
nine articles were found to be relevant and included in
this non-systematic review.

NIFEKALANT HYDROCHLORIDE

Nifekalant hydrochloride, which was formetly known as
MS-551, is a class Il antiarrhythmic agent having a pir-
imidinedione structure'”. It differs from the other class
Il antiarrhythmic agents such as dofetilide and d-sotalol
by having a nitro group instead of a methanesulfonamido

group at the 4-para position on the benzene ring. It also
differs in that nifekalant blocks the transient outward K
current, the inward rectifier K current and the adenos-
ine triphosphate (ATP)-sensitive K current in addition to
the rapid component of the delayed rectifier K current,
which results in significant prolongation of the duration
of the action potential. It affects neither the Na" current
nor does it possess [3-adrenergic activity™”. Furthermore,
it does not affect the slowly activating delayed rectifier K
channel in rabbit and guinea pig ventricular rnyocytes[m.
Nifekalant interacts with the cardiac M2 and the periph-
eral M3 receptors with a Ki value of 27 and 74 mmol/L,
respectively. It dose dependently blocks HERG channels
with an IC50 value of 7.9 mmol/L, but it does not block
minK currents in the Xenopus oocyte expression system.
It blocks HERG channels mainly in their open state in
a frequency dependent manner'”. As a pure K channel
blocker, it does not have negative inotropic effects which
amiodarone has »iz a B-blocking action and does not af-
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fect cardiac conduction. The negative inotropic effect of
amiodarone is disadvantageous, particularly when amio-
darone is administered rapidly to a failing heart",

Regarding the pharmacokinetics of nifekalant, only
the unchanged form is active. It has a prompt onset of
action, its half-life is relatively short (1.5-2.1 h) and its
volume of distribution is 0.14 L/kg, The urinary excre-
tion ratio for the unchanged form is approximately 30%.
The remaining nifekalant undergoes glucuronate conjuga-
tion in the liver which may be influenced by the impaired
hemodynamics'”.

The major adverse effect of nifekalant is QT interval
prolongation and occurrence of Torsades de pointes
(TdP) owing to an increase in transmural dispersion of

repolarization”

NIFEKALANT IN ACS PATIENTS

Life-threatening ventricular tachyarrhythmias such as VT
or VF are likely to develop during the acute phase of

ACS, and the occurrence of these arrhythmias has im-
[11]

portant effects on the prognosis of these patients

Nifekalant may be useful for ischemia-induced VT/
VF because it inhibits ATP-sensitive potassium channels
under ischemic and hypoxic conditions™"?. Ohashi ez o™
evaluated the VT/VF-controlling effect of continuous
intravenous infusion of nifekalant in 16 ACS patients
with refractory VI/VF and 14 patients with chronic
structural heart disease and refractory VI/VE VT/VF
was considered refractory when it appeared in patients
pretreated with oral amiodarone or sotalol or when VT'/
VF did not disappear after intravenous administration of
class I a and I b drugs, or was refractory to shock. The
mean dose level of nifekalant was 0.19 + 0.14 mg/kg
body weight per hour. Treatment was successful in con-
trolling VI/VF in 12 of the 16 patients (75%) with ACS,
and 9 of the 14 patients with chronic structural heart
disease. None of these patients experienced worsening
of their hemodynamic status. The incidence of TdP af-
ter administration of nifekalant occurred in 5 of the 30
patients (17%), but it disappeared soon after nifekalant
administration was discontinued, without any additional
treatment' . The high incidence of TdP should not be
attributed only to the increase in transmural dispersion of
repolarization caused by nifekalant, but also to the fact
that patients were pretreated with other anti-arrhythmic
drugs that enhance QT prolongation”.

Another study included 41 ACS patients who pre-
sented with sustained VI/VF (refractory to shock) that
was producing circulatory failure in the patients. Nine-
teen of these patients failed to respond to a bolus dose
of 1.0 mg/kg followed by a continuous intravenous
infusion of 1.0-2.0 mg/kg pet hour of lidocaine prior to
administration of nifekalant. Nifekalant was given first as
an intravenous bolus injection (0.2 mg/kg) and then as a
continuous intravenous infusion at a relatively low dose
level (0.2 mg/kg per hour) to all patients. Sustained VT'/
VF was successfully inhibited in 34 patients (83%). In
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subgroup analysis, nifekalant achieved VT /VF inhibition
in 79% of patients who received lidocaine and in 86% of
patients who received only nifekalant. There were no sig-
nificant changes in systolic blood pressure or heart rate
following nifekalant therapy and TdP developed in only
1 patient“ﬂ.

Survival until hospital discharge was significantly
higher when nifekalant was administered in 30 patients
with ischemic heart disease and VT /VF resistant to
first shock. The control group consisted of 33 patients
with ischemic heart disease and VIT/VF resistant to first
shock. The rates of death within 48 h and the rates of
cardiac death during hospitalization were significantly
lower in the nifekalant group than in the control group
(7% wvs 27% and 40% »s 67%, respectively). When a
multivariate analysis of all 63 patients was performed,
nifekalant administration was a factor that significantly
improved mortality rates!',

When lidocaine and/or procainamide were unable to
control ventricular tachyarrhythmias developing 48-72 h
following acute myocardial infarction in patients with
single vessel disease for which percutaneous transluminal
coronary angioplasty (PTCA) was performed, nifekalant
was administered. All patients had severely depressed left
ventricular function. Nifekalant was administered in lower
doses than usually used (loading dose of 0.05-0.15 mg/kg
and a maintenance dose of 0.05-0.20 mg/kg per hour) but
effectively suppressed tachyarrhythmias in all patientsm.

A very interesting case report was that of a 47-year-
old man who presented ST segment elevation in leads
I, Il and lead aVF after being resuscitated from cardiac
arrest. Sustained VT appeared immediately after PTCA.
Since lidocaine failed to prevent the recurrent VT after
electrical cardioversion, a loading dose (0.3 mg/kg every
5 min) followed by maintenance dose (0.4 mg/kg per
hout) of nifekalant was administered. Just after the load-
ing injection of nifekalant, the next electrical cardiover-
sion successfully defibrillated the sustained VT which was
never again recorded in the ECG monitor in the catheter
laboratory!"”.,

NIFEKALANT AND PERI-OPERATIVE
VENTRICULAR TACHYARRHYTHMIAS

Ventricular tachyarrhythmias are potentially fatal or seri-

ous complications occurring during or after cardiac sur-
gery. Usually they are treated with class I antiarrhythmic
agents, but these drugs often induce heart failure due to
their negative inotropic effect. As nifekalant prolongs
the refractory period without having a negative inotropic
effect, researchers hypothesized that it would be safer to
administer nifekalant in such patients.

In fact, when 5 patients with peri-operative VT and 2
patients with peri-operative VIY were treated with nifeka-
lant, the recurrence of these arrhythmias was inhibited
in 3 of the 5 cases with VT and in both cases with VE
None of the patients exhibited changes in heart rate, car-
diac output or QTc interval and no TdP was observed"”.
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Intravenous administration of nifekalant in a dose of
0.3 mg/kg, was also effective against peti-operative VT
in two patients with impaired left ventricular function (left
ventricular ejection fraction: 26.9% and 16%, respec-
tively)™”.

Furthermore, in 2 patients with pre-operatively de-
creased cardiac function due to old myocardial infarction,
who presented with sustained VI /VF after coronary at-
tery bypass grafting, nifekalant ceased the life-threatening
arrhythmias without producing hypotension. Previous
infusion of lidocaine was totally ineffective in controlling
the arrhythmias™’

Moreover, in a 52-year-old male with ischemic cardio-
myopathy and severe ventricular dysfunction who present-
ed with incessant VT eatly after he underwent coronary
artery bypass grafting and left ventricular reconstruction,
nifekalant at a loading dose (0.3 mg/kg every 5 min), fol-
lowed by an intravenous infusion (0.4 mg/kg per hour),
controlled the arrhythmia™.

Nifekalant completely suppressed VT and ventricular
premature contractions in a patient with 3-vessel coronary
artery disease and left ventricular aneurysm who under-
went coronary artery bypass grafting combined with the
Dor approach. Class [ b antiarrhythmics, like lidocaine

and mexiletine, wete unable to control VT,

NIFEKALANT IN CARDIOPULMONARY
RESUSCITATION

Cardiac arrest patients, both in- and out-of-hospital, have
a poor prognosis for survival. When a rhythm check re-
veals VT or VE prompt electrical defibrillation is most
effective for terminating these arrhythmias during car-
diopulmonary resuscitation. If life-threatening VI or VI
persists despite repeated defibrillation attempts, an addi-
tional antiarrhythmic drug is required.

The “2010 Guidelines for Cardiopulmonary Resuscita-
tion and Emergency Cardiovascular Care” of the Ameri-
can Heart Association and the International Liaison Com-
mittee on Resuscitation, recommend antiarrhythmic drugs

such as amiodarone and lidocaine as “acceptable” and
“probably helpful” in the treatment of VT/VF that pet-
sists after three or more external defibrillation shocks'".
Researchers in Japan performed a lot of studies in or-
der to compare nifekalant with lidocaine and amiodarone
in cardiac arrest victims with persistent VI/VF (Table 1).
In a study that involved 32 out-of-hospital cardiac
arrest victims with refractory VI /VE, 11 patients were
treated with nifekalant 0.15-0.3 mg/kg followed by in-
travenous infusion of 0.3-0.4 mg/kg per hour as antiar-
thythmic therapy. VI/VF was considered refractory when
it appeared in patients pretreated with high dose epi-
nephrine infusion, a bolus dose of lidocaine (1-2 mg/kg)
and was refractory to direct current shocks. The remaining
21 patients were treated with one more dose of lidocaine
(1-2 mg/kg). Sinus rhythm was restored in 9 patients
(82%) treated with nifekalant and only 4 patients (19%)
treated with lidocaine. QT interval was not prolonged
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Table 1 Efficacy of antiarrhythmic drugs in cardiac arrest victims with persistent ventricular tachycardia/fibrillation

First author Type of study n Drug used Termination of Other complications TdP  Survival
arrhythmia
Human studies
Amino et al”  Out of hospital cardiac 32 11 nifekalant 9 (82%) 0 2 (18%)
arrest with refractory 21 lidocaine 4 (19%) 0 0
VT/VF to epinephrine
and lidocaine
Yoshioka et al®  Out of hospital cardiac 36 12 nifekalant 9 (75%) 4 sinus suppression 0 2 (17%) (24 h)
arrest with refractory (sinus bradycardia
VT/VF to epinephrine and sinus pause)
and lidocaine 24 lidocaine and 4 (17%)
magnesium and
procainamide if
necessary
In hospital cardiac 29  9nifekalant 8 (89%) 0 sinus suppression 1 4 (44%) (24 h)
arrest with refractory (sinus bradycardia
VT/VF to epinephrine and sinus pause)
and lidocaine 20 lidocaine and 15 (75%)
magnesium and
procainamide if
necessary
Tahara et al"*” Out of hospital cardiac 120 55 nifekalant 0 37 (67%) (hospital
arrest with refractory admission)
VF to epinephrine 29 (53%) (24 h)
65 lidocaine 0 24 (37%) (hospital
admission)
20 (31%) (24 h)
Igarashi et al™  Out of hospital cardiac 22 8 nifekalant 5 (61.5%)
arrest (VF) 14 lidocaine 2 (14.3%)
Yasudaetal”  Out of hospital cardiac 14 14 nifekalant 12 (86%) 1 11 (79%) (hospital
arrest with refractory admission)
VT/VF to epinephrine
Shiga et al™ In hospital cardiac 55 27 nifekalant 22 (81%) 0 Asystole 0 13 (48%) (1-mo survival)
arrest with refractory 2 PEA 12 (44%) (survival to
VT/VE 1QT>0.55 discharge)

28 lidocaine 15 (54%) 7 Asystole 0 9 (32%) (1-mo survival)
1PEA 8 (29%) (survival to
0QT>0.55 discharge)

Amino et al™" Out of hospital cardiac 30 15 nifekalant 7 (47%) 0 Thyroid dysfunction 0 7 (47%) (hospital admission)
arrest with refractory 4 (27%) (survival to
VE discharge)
15 amiodarone 10 (67%) 1 Thyroid dysfunction 0 10 (67%) (hospital
admission)
8 (53%) (survival to
discharge)
Animal studies
Ji et al™ 4 min of untreated VF 36  12saline 7 (58.3%) ROSC 0 2 (17%) (24 h)
12 nifekalant 12 (100%) ROSC 1 8 (67%) (24 h)
12 amiodarone 12 (100%) ROSC 0 9 (75%) (24 h)

VT/VEF: Ventricular tachycardia/fibrillation; TdP: Torsades de pointes.

and no TdP was observed. Two patients finally survived
in the nifekalant group, while no patient survived in the
lidocaine group. Interestingly, most patients in the nifeka-
lant group died from sinus arrest in comparison with the
lidocaine group in which most patients died from persis-
tent VT/VF*,

The authors concluded that one of the reasons for
the sinus arrest was the acidotic condition of the patients.
Therefore, another study investigated the differences in
the effect of nifekalant in out-of-hospital cardiac arrest
patients with acidosis (# = 30) and in-hospital cardiac ar-
rest patients without acidosis (# = 29). According to the
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protocol patients with persistent or recurrent VI/VF
after administration of epinephrine (1 mg iv), lidocaine
(1 mg/kg iv) and direct current defibrillation attempts
were divided in two groups: a lidocaine group, in which
additional lidocaine up to 3 mg/kg plus magnesium sul-
fate and procainamide were administered if necessary;
and a nifekalant group in which 0.15 mg/kg of nifekalant
was slowly injected in combination with direct current
shocks. Additional nifekalant was administered for per-
sistent or recurrent VI/VF as needed. Sinus rthythm was
restored in 43% (19/44) of the lidocaine group and 81%
(17/21) of the nifekalant group. The successful defibril-
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lation rate of out-of-hospital cardiac arrest patients was
significantly lower than that of in-hospital cardiac arrest
patients (P < 0.05) in the lidocaine group. On the other
hand, in the nifekalant group, the successful defibrilla-
tion rate was more than 75% in both out-of-hospital and
in-hospital cardiac arrest patients. This means that the
VT/VF-controlling effect of nifekalant was maintained
even with acidosis. However, sinus bradycardia in out-
of-hospital cardiac arrest patients and TdP in in-hospital
cardiac arrest patients were occasionally observed™.

A bigger study which included 120 out-of-hospital
cardiac arrest victims with VI persistent to shocks from
an external defibrillator and intravenous epinephrine,
found that patients treated with nifekalant had signifi-
cantly higher rates of survival to hospital admission.
They also had a significantly higher 24 h survival®”,

Nifekalant’s efficacy was also studied in 8 out-of-
hospital cardiac arrest victims who presented to the hos-
pital with VE Sinus rhythm returned in 5 of 8 patients in
comparison with only 2 out of 14 patients treated with
lidocaine (control group) (P < 0.05)",

A recent multicenter study enrolled 14 patients with
out-of-hospital VF refractory to 3 or more precordial
shocks and intravenous epinephrine. Nifekalant was in-
travenously administered at a dose of 0.15-0.30 mg/kg
body weight and then an additional shock was delivered.
If VF persisted, an additional dose of nifekalant was ad-
ministered. The rate of return of spontancous circulation
was 86% and the rate of survival to hospital admission
was 79%. Only one patient developed TdP™,

When 55 patients with in-hospital VI'/VF resistant
to at least two defibrillation attempts wete treated with
either lidocaine or nifekalant, nifekalant was more effec-
tive in terminating the arrhythmias. Half of the patients
treated with nifekalant showed termination of VT /VF
after intravenous infusion alone. Patients with nifekalant
were more likely to achieve return of spontaneous circu-
lation but no difference was observed in 1-mo survival
ot survival to hospital discharge between the two groups.
No Tdp was observed™.

The only human study to compare nifekalant with
amiodarone, in 30 patients with first defibrillation failure
or VF recutrrence, treated half with amiodarone and the
rest with nifekalant. Defibrillation success was achieved
in 67% of patients treated with amiodarone and 47% of
patients treated with nifekalant. The hospital discharge
sutvival rate was 53% in the amiodarone and 27% in the
nifekalant group (P = 0.00). Compared to the amioda-
rone group, patients treated with nifekalant achieved fast-
er defibrillation success. This may be the reason that all
4 survivors in the nifekalant group could take up normal
daily life, in comparison with only 2 patients from the 11
survivors in the amiodarone group"".

These results were further supported by a porcine
model of VF treated with either amiodarone or nifeka-
lant. Restoration of spontaneous circulation and 24 h
survival rate were compatable for nifekalant and amioda-
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A very interesting study by Amino ez al” demon-
strated that the combination of intravenous nifekalant
and left stellate ganglion block can be useful for patients
with VT/VF resistant to lidocaine and nifekalant. In fact
sinus rhythm was restored in 7 out of 11 patients refrac-
tory to lidocaine and nifekalant VI/VF when left stellate
ganglion block was performed.

NIFEKALANT IN PATIENTS WITH
IMPLANTABLE CARDIOVERTER-
DEFIBRILLATOR

Electrical storm defined as 3 shocks per day is reported
in 10%-30% of patients with an implantable cardiovert-
er-defibrillator (ICD)"". Recurrent episodes of VF are

associated with intracellular calcium overload”” which
[36]

results in progressive left ventricular dysfunction™ and
re-initiation of VF"”. In addition, multiple shocks from
ICD increase cardiac troponin levels and thus lead to
myocatdial injurywm.

When 10 patients with a mean number of 18 + 12
ICD discharges/h were treated with a combination of
deep sedation (thiamylal or propofol) and B-blockade,
the electrical storm was treated in 4 patients while the
remaining 6 patients were stabilized after intravenous
administration of nifekalant. In 1 of these 6 patients,
VT ceased during the administration of the loading dose
of nifekalant and did not re-occur. No hemodynamic
deterioration was evident during the administration of
nifekalant in these 6 patients although 4 of them had left

ventricular ejection fraction < 040,

COMPARISON OF NIFEKALANT WITH
OTHER ANTIARRHYTHMIC DRUGS

A study that compared the effects of nifekalant to sotalol
in humans showed that both drugs had similar effects on
inducible ventricular tachyarrhythmias. The comparison

was made with programmed electrical stimulation, in 14
patients with sustained ventricular tachyarrhythmia, after
nifekalant and after sotalol administration. The response
of inducible ventricular tachyarrhythmia to nifekalant
could predict the clinical efficacy of sotalol. In fact, in
4 out of 5 patients whose ventricular tachyarrhythmia
became non-inducible by nifekalant, subsequent treat-
ment with sotalol also suppressed the inducible tachyar-
rhythmias. On the other hand, in all of the 9 patients
not responding to nifekalant, tachyarrhythmias remained
inducible during sotalol treatment!"’.

A comparison between nifekalant and procainamide
was performed by Igawa e# al™ in 30 patients with induc-
ible sustained VT (programmed ventricular stimulation
of up to three extra stimuli). Nifekalant suppressed VT
in 4 of 15 patients while procainamide suppressed VT
in 6 of 15 patients but the difference was not statistically
significant. QT interval was significantly increased in the
nifekalant group.
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DISCUSSION

Effective control of recurrent ventricular tachyarrhyth-
mias can be expected with an antiarrhythmic drug that
has prompt onset of effect and that does not alter he-
modynamic status variables such as blood pressure. It is
difficult to use a drug that takes time until the onset of
its effect, such as amiodarone, in the emergency care of
patients suffering frequent episodes of VT/VE.

Amiodarone is a multiple-channel blocker with com-
plex pharmacologic properties, affecting B-adrenergic
receptors, calcium channels, sodium channels, and potas-
sium channels. A lot of patients with ACS as well as cat-
diac arrest victims with refractory to direct current shock
tachyarrhythmias, are likely to have cardiac dysfunction.
Antiarrhythmic drugs with negative inotropic activity can
negatively affect the outcome of such patients.

Nifekalant seems to have some important advantages.
It does not have negative inotropic effects™*, it lowers
the defibrillation threshold™*” and even if adverse reac-
tions develop, they are transient because nifekalant has a
short half-life"". Tt is clearly demonstrated that nifekalant
is also effective against peti-operative ventricular tachyar-
rhythmias, especially in patients with impaired left ven-
tricular function.

Of course the reviewed articles had some limitations
that should be kept in mind. For example, in Tahara’s pa-
permj, the lidocaine group was a historical control. Shiga’s
paper”™” was a prospective multicenter study, but was not
randomized and most of the studies were retrospective
evaluations in single centers. In addition, in many of the
studies included in this review, nifekalant was adminis-
tered in patients with refractory VI/VE, in which other
anti-arrhythmic drugs had already been given. There-
fore the possibility of possible cumulative effects needs
to be ruled out. However, despite these limitations the
results of these studies did not differ from the results
of a multicenter cohort post-marketing study™ which
demonstrated that intravenous administration of nifeka-
lant successfully terminated VI/VF in around 50% of
the patients studied and prevented the recurrence of
refractory VT/VF in about 60%. Most of the patients
for whom nifekalant was effective were refractory to li-
docaine or other antiarrhythmic drugs. In patients who
failed to terminate VT, even after single administration
of nifekalant, their heart rate during VT significantly de-
creased and of course this property of nifekalant should
be considered therapeutically beneficial. It was also dem-
onstrated that nifekalant enhances the defibrillating effect
of direct current by lowering the defibrillation threshold
of myocardium, in contrast to class I anti-arrhythmic
agents which usually increase the defibrillation threshold
by blocking sodium channels™.

Needless to say that nifekalant may exhibit significant
side-effects which may limit its use. Because excretion
in the urine is an important pathway for elimination of
nifekalant, dosages must be adjusted and it must be ad-
ministered cautiously in patients with renal failure.

Myoishi ez al” demonstrated that in patients with im-
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paired left ventricular function and chronic renal failure,
half of the dose administered in patients with normal
renal function and stable hemodynamics (0.15 mg/kg
BW per hour) achieved almost the same therapeutic
concentration in the plasma. They also reported that
concentration did not change significantly before or after
hemodialysis, even under continuous infusion. A possible
explanation is that nifekalant binds strongly to protein
and it may not be dialyzed.

It has been demonstrated that higher doses of nifeka-
lant have resulted in higher rates of VT termination
accompanied by QT dispersion prolongationm. Occut-
rence of TdP due to the development of QT interval
prolongation should always be taken into account. It is
considered important to monitor QT interval frequently
during nifekalant infusion with adequate dose adjust-
ment. Another important factor that can induce TdP
while administering nifekalant is hypokalemia. It has been
proposed that serum levels of potassium concentration
should be maintained above 4.0 mmol/I."",

It is also important to note that nifekalant has a re-
verse use-dependent blocking action. It causes less action
potential prolongation with an increasing heart rate and
inversely, action potential prolongation is enhanced with
a decreasing heart rate'””. Furthermore, it has been re-
ported that the QTc interval shows diurnal variation that
is influenced by autonomic activity and that its variation
reaches a peak shortly after awakening, which suggests
that the action of nifekalant may be weakened not only
by an increased heart rate but also by increased sympa-
thetic activity. Needless to say such considerations may
support the usefulness of combination therapy using
nifekalant and a B-blocker.

As amiodarone has not yet been approved in Japan,
to the best of our knowledge, only one animal study and
one human study have compared the effects of nifeka-
lant with those of amiodarone in an emergency care set-
ting”". From these reports, it seems that amiodarone is
bordetline superior over nifekalant but further studies are
needed for extraction of safer conclusions.

On the other hand, lot of studies have demonstrated
that nifekalant has a much greater inhibitory effect on
ventricular tachyarrhythmias than lidocaine, but again it
is difficult for conclusions to be made as nifekalant is not
yet available in USA and Europe and no European or
American study has ever been conducted.

CONCLUSION

Nifekalant is a possible effective antiarrhythmic agent for
refractory ventricular tachyarrhythmias. Further clinical

studies are required before nifekalant is used as a first aid
drug in the emergency care setting;

REFERENCES

1 Field JM, Hazinski MF, Sayre MR, Chameides L, Schexnay-
der SM, Hemphill R, Samson RA, Kattwinkel ], Berg RA,
Bhanji F, Cave DM, Jauch EC, Kudenchuk PJ, Neumar RW,

June 26, 2011 | Volume 3 | Issue 6 |



10

11

12

13

14

Pantazopoulos IN et a/. Nifekalant for ventricular tachyarrhythmias

Peberdy MA, Perlman JM, Sinz E, Travers AH, Berg MD,
Billi JE, Eigel B, Hickey RW, Kleinman ME, Link MS, Mor-
rison LJ, O’Connor RE, Shuster M, Callaway CW, Cucchiara
B, Ferguson JD, Rea TD, Vanden Hoek TL. Part 1: executive
summary: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovas-
cular Care. Circulation 2010; 122: S640-S656

Desai AD, Chun S, Sung R]. The role of intravenous amioda-
rone in the management of cardiac arrhythmias. Ann Intern
Med 1997; 127: 294-303

Kushner FG, Hand M, Smith SC, King SB, Anderson JL,
Antman EM, Bailey SR, Bates ER, Blankenship JC, Casey DE,
Green LA, Hochman JS, Jacobs AK, Krumholz HM, Morri-
son DA, Ornato JP, Pearle DL, Peterson ED, Sloan MA, Whit-
low PL, Williams DO. 2009 focused updates: ACC/AHA
guidelines for the management of patients with ST-elevation
myocardial infarction (updating the 2004 guideline and 2007
focused update) and ACC/AHA /SCAI guidelines on percu-
taneous coronary intervention (updating the 2005 guideline
and 2007 focused update) a report of the American College
of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines. ] Am Coll Cardiol 2009; 54:
2205-2241

Ishii M, Kamiya ], Hashimoto K. Cellular electrophysiologi-
cal effects of MS-551, a new class III antiarrhythmic agent.
Drug Dev Res 1995; 35: 61-68

Nakaya H, Tohse N, Takeda Y, Kanno M. Effects of MS-551,
a new class Il antiarrhythmic drug, on action potential and
membrane currents in rabbit ventricular myocytes. Br | Phar-
macol 1993; 109: 157-163

Lee K, Park JY, Ryu PD, Kwon LS, Kim HY. IKr channel
blockers: novel antiarrhythmic agents. Curr Med Chem Car-
diovasc Hematol Agents 2003; 1: 203-223

Sato R, Koumi S, Hisatome I, Takai H, Aida Y, Oyaizu M,
Karasaki S, Mashiba H, Katori R. A new class III antiarrhyth-
mic drug, MS-551, blocks the inward rectifier potassium
channel in isolated guinea pig ventricular myocytes. | Phar-
macol Exp Ther 1995; 274: 469-474

Sugiyama A, Satoh Y, Hashimoto K. Acute electropharma-
cological effects of intravenously administered amiodarone
assessed in the in vivo canine model. Jpn | Pharmacol 2001;
87:74-82

Myoishi M, Yasuda S, Miyazaki S, Ueno K, Morii I, Satomi
K, Otsuka Y, Kawamura A, Kurita T, Kamakura S, Nonogi
H. Intravenous administration of nifekalant hydrochloride
for the prevention of ischemia-induced ventricular tachyar-
rhythmia in patients with renal failure undergoing hemodi-
alysis. Circ | 2003; 67: 898-900

Cheng J, Kamiya K, Liu W, Tsuji Y, Toyama ], Kodama I.
Heterogeneous distribution of the two components of de-
layed rectifier K+ current: a potential mechanism of the pro-
arrhythmic effects of methanesulfonanilideclass III agents.
Cardiovasc Res 1999; 43: 135-147

Goldberg RJ, Yarzebski ], Spencer FA, Zevallos JC, Lessard
D, Gore JM. Thirty-year trends (1975-2005) in the magnitude,
patient characteristics, and hospital outcomes of patients
with acute myocardial infarction complicated by ventricular
fibrillation. Am | Cardiol 2008; 102: 1595-1601

Friedrichs GS, Chi L, Black SC, Manley PJ, Lucchesi BR.
Antiarrhythmic agent, MS-551, protects against pinacidil
+ hypoxia-induced ventricular fibrillation in Langendorff-
perfused rabbit isolated heart. | Cardiovasc Pharmacol 1994;
23:120-126

Ohashi J, Yasuda S, Miyazaki S, Shimizu W, Morii I, Kurita
T, Kawamura A, Kamakura S, Nonogi H. Prevention of life-
threatening ventricular tachyarrhythmia by a novel and pure
class-III agent, nifekalant hydrochloride. ] Cardiovasc Pharma-
col 2006; 48: 274-279

Wang J, Hua W, Zhu ], Yang YM, Wang FZ, Pu JL, Chen KP,
Zhang S. Nifekalant hydrochloride terminating sustained

(49

TR
Jaishideng®

WJC | www.wjgnet.com

15

16

17

18

19

20

21

22

23

24

25

26

27

ventricular tachycardia accompanied with QT dispersion
prolongation. Chin Med ] (Engl) 2010; 123: 2028-2033

Yusu S, Ikeda T, Mera H, Miyakoshi M, Miwa Y, Abe A,
Tsukada T, Ishiguro H, Shimizu H, Yoshino H. Effects of
intravenous nifekalant as a lifesaving drug for severe ven-
tricular tachyarrhythmias complicating acute coronary syn-
drome. Circ ] 2009; 73: 2021-2028

Ando ], Kakishita M, Sakai K, Komura Y, Nishiyama K,
Iwabuchi M, Yokoi H, Yasumoto H, Nosaka H, Nobuyoshi
M. Efficacy of nifekalant hydrochloride in the treatment of
fatal ventricular arrhythmia in patients with ischemic heart
disease. Int Heart | 2005; 46: 647-656

Takenaka K, Yasuda S, Miyazaki S, Kurita T, Sutani Y, Morii
I, Daikoku S, Kamakura S, Nonogi H. Initial experience with
nifekalant hydrochloride (MS-551), a novel class III antiar-
rhythmic agent, in patients with acute extensive infarction
and severe ventricular dysfunction. Jpn Circ ] 2001; 65: 60-62
Koizumi T, Komiyama N, Komuro I, Tanigawa T, Iwase
T, Ishiwata S, Nishiyama S, Nakanishi S, Momomura S. Ef-
ficacy of nifekalant hydrochloride on the treatment of life-
threatening ventricular tachyarrhythmias during reperfusion
for acute myocardial infarction. Cardiovasc Drugs Ther 2001;
15: 363-365

Nishida M, Okada H, Murakami M, Hamano K. [Treatment
for perioperative arrhythmias with nifekalant hydrochlo-
ride]. Kyobu Geka 2006; 59: 210-213

Murakami T, Makino Y, Kato H. [Nifekalant hydrochloride
effective against perioperative ventricular tachycardia in
patients with impaired left ventricular function]. Kyobu Geka
2007; 60: 469-473

Enomoto Y, Aoki K, Toshimitsu Y, Inai Y, Asakura T, Furuta
S. [Nifekalant hydrochloride as an effective treatment for
postoperative ischemic heart disease]. Kyobu Geka 2005; 58:
316-319

Kokaji K, Okamoto M, Hotoda K, Kumamaru H. Experience
with nifekalant hydrochloride in a patient with ischemic car-
diomyopathy and severe ventricular dysfunction after dor
operation. Jpn Heart | 2004; 45: 691-695

Sahara M, Sagara K, Yamashita T, linuma H, Fu LT,
Watanabe H. Nifekalant hydrochloride, a novel class 111
antiarrhythmic agent, suppressed postoperative recurrent
ventricular tachycardia in a patient undergoing coronary
artery bypass grafting and the Dor approach. Circ ] 2003; 67:
712-714

Bossaert L, O’Connor RE, Arntz HR, Brooks SC, Diercks D,
Feitosa-Filho G, Nolan JP, Hoek TL, Walters DL, Wong A,
Welsford M, Woolfrey K. Part 9: Acute coronary syndromes:
2010 International Consensus on Cardiopulmonary Resus-
citation and Emergency Cardiovascular Care Science with
Treatment Recommendations. Resuscitation 2010; 81 Suppl 1:
el75-e212

Amino M, Yoshioka K, Iwata O, Fujikura H, Deguchi Y, Ban
K, Shiina Y, Goto S, Handa S, Tanabe T, Nakagawa Y, Morita
S, Iwase H, Yamamoto I, Inokuchi S, Marutani Y. [Efficacy
of Nifekalant hydrochloride for life-threatening ventricular
tachyarrhythmias in patients with resistance to lidocaine: a
study of patients with out-of-hospital cardiac arrest]. | Car-
diol 2003; 41: 127-134

Yoshioka K, Amino M, Morita S, Nakagawa Y, Usui K, Sugi-
moto A, Matsuzaki A, Deguchi Y, Yamamoto I, Inokuchi
S, Ikari Y, Kodama I, Tanabe T. Can nifekalant hydrochlo-
ride be used as a first-line drug for cardiopulmonary arrest
(CPA)? : comparative study of out-of-hospital CPA with aci-
dosis and in-hospital CPA without acidosis. Circ | 2006; 70:
21-27

Tahara Y, Kimura K, Kosuge M, Ebina T, Sumita S, Hibi K,
Toyama H, Kosuge T, Moriwaki Y, Suzuki N, Sugiyama M,
Umemura S. Comparison of nifekalant and lidocaine for the
treatment of shock-refractory ventricular fibrillation. Circ |
2006; 70: 442-446

June 26, 2011 | Volume 3 | Issue 6 |



28

29

30

31

32

33

34

35

36

37

38

Pantazopoulos IN et a/. Nifekalant for ventricular tachyarrhythmias

Igarashi M, Fujino T, Toyoda M, Sugino K, Sasao K, Sasamo-
to S, Otsuka T, Kobayashi K, Okano Y, Yosiwara K, Koyama
N. Defibrillation effects of intravenous nifekalant in patients
with out-of-hospital ventricular fibrillation. Pacing Clin Elec-
trophysiol 2005; 28 Suppl 1: S155-5157

Yasuda S, Sawano H, Hazui H, Ukai I, Yokoyama H, Ohashi
J, Sase K, Kada A, Nonogi H. Report from J-PULSE multi-
center registry of patients with shock-resistant out-of-hospi-
tal cardiac arrest treated with nifekalant hydrochloride. Circ
J2010; 74: 2308-2313

Shiga T, Tanaka K, Kato R, Amino M, Matsudo Y, Honda
T, Sagara K, Takahashi A, Katoh T, Urashima M, Ogawa S,
Takano T, Kasanuki H. Nifekalant versus lidocaine for in-
hospital shock-resistant ventricular fibrillation or tachycar-
dia. Resuscitation 2010; 81: 47-52

Amino M, Yoshioka K, Opthof T, Morita S, Uemura S,
Tamura K, Fukushima T, Higami S, Otsuka H, Akieda K,
Shima M, Fujibayashi D, Hashida T, Inokuchi S, Kodama I,
Tanabe T. Comparative study of nifekalant versus amioda-
rone for shock-resistant ventricular fibrillation in out-of-hos-
pital cardiopulmonary arrest patients. | Cardiovasc Pharmacol
2010; 55: 391-398

Ji XF, Li CS, Wang S, Yang L, Cong LH. Comparison of the
efficacy of nifekalant and amiodarone in a porcine model of
cardiac arrest. Resuscitation 2010; 81: 1031-1036

Amino M, Yoshioka K, Morita S, Otsuka H, Yamagiwa T,
Umezawa K, Nakagawa Y, Yamamoto I, Hashida T, Ikari Y,
Inokuchi S, Kodama I, Tanabe T. Is the combination therapy
of IKr-channel blocker and left stellate ganglion block effec-
tive for intractable ventricular arrhythmia in a cardiopulmo-
nary arrest patient? Cardiol | 2007; 14: 355-365

Credner SC, Klingenheben T, Mauss O, Sticherling C,
Hohnloser SH. Electrical storm in patients with transvenous
implantable cardioverter-defibrillators: incidence, manage-
ment and prognostic implications. ] Am Coll Cardiol 1998; 32:
1909-1915

Zaugg CE, Wu ST, Barbosa V, Buser PT, Wikman-Coffelt ],
Parmley WW, Lee R]. Ventricular fibrillation-induced intra-
cellular Ca2+ overload causes failed electrical defibrillation
and post-shock reinitiation of fibrillation. ] Mol Cell Cardiol
1998; 30: 2183-2192

Swynghedauw B. Molecular mechanisms of myocardial re-
modeling. Physiol Rev 1999; 79: 215-262

Hurst TM, Hinrichs M, Breidenbach C, Katz N, Waldecker
B. Detection of myocardial injury during transvenous im-
plantation of automatic cardioverter-defibrillators. ] Am Coll
Cardiol 1999; 34: 402-408

Epstein AE, Kay GN, Plumb V], Dailey SM, Anderson PG.
Gross and microscopic pathological changes associated with

(49

TR
Jaishideng®

WJC | www.wjgnet.com

176

39

40

41

42

43

44

45

46

47

48

49

nonthoracotomy implantable defibrillator leads. Circulation
1998; 98: 1517-1524

Washizuka T, Chinushi M, Watanabe H, Hosaka Y, Komura
S, Sugiura H, Hirono T, Furushima H, Tanabe Y, Aizawa Y.
Nifekalant hydrochloride suppresses severe electrical storm
in patients with malignant ventricular tachyarrhythmias.
Circ ] 2005; 69: 1508-1513

Watanabe H, Chinushi M, Washizuka T, Sugiura H, Hirono
T, Aizawa Y, Komura S, Hosaka Y, Tanabe Y, Furushima H,
Aizawa Y. Comparison of efficacy of sotalol and nifekalant
for ventricular tachyarrhythmias. Circ ] 2006; 70: 583-587
Igawa M, Aonuma K, Okamoto Y, Hiroe M, Hiraoka M,
Isobe M. Anti-arrhythmic efficacy of nifekalant hydrochlo-
ride, a pure class III anti-arrhythmic agent, in patients with
healed myocardial infarction and inducible sustained ven-
tricular tachycardia. ] Cardiovasc Pharmacol 2002; 40: 735-742
Sen L, Cui G, Sakaguchi Y, Singh BN. Electrophysiological
effects of MS-551, a new class IlI agent: comparison with dl-
sotalol in dogs. | Pharmacol Exp Ther 1998; 285: 687-694
Kondoh K, Hashimoto H, Nishiyama H, Umemura K, Ozaki
T, Uematsu T, Nakashima M. Effects of MS-551, a new
class III antiarrhythmic drug, on programmed stimulation-
induced ventricular arrhythmias, electrophysiology, and
hemodynamics in a canine myocardial infarction model. |
Cardiovasc Pharmacol 1994; 23: 674-680

Murakawa Y, Yamashita T, Kanese Y, Omata M. Can a class
III antiarrhythmic drug improve electrical defibrillation ef-
ficacy during ventricular fibrillation? ] Am Coll Cardiol 1997;
29: 688-692

Murakawa Y, Yamashita T, Kanese Y, Omata M. Do the ef-
fects of antiarrhythmic drugs on defibrillation efficacy vary
amonyg different shock waveforms? Pacing Clin Electrophysiol
1998; 21: 1901-1908

Murakawa Y, Yamashita T, Kanese Y, Omata M. Effect of
a class III antiarrhythmic drug on the configuration of dose
response curve for defibrillation. Pacing Clin Electrophysiol
1999; 22: 479-486

Nakaya H, Uemura H. Electropharmacology of nifekalant,
a new class III antiarrhythmic drug. Cardiovasc Drug Rev
1998; 16: 133-144

Katoh T, Mitamura H, Matsuda N, Takano T, Ogawa S,
Kasanuki H. Emergency treatment with nifekalant, a novel
class III anti-arrhythmic agent, for life-threatening refractory
ventricular tachyarrhythmias: post-marketing special inves-
tigation. Circ ] 2005; 69: 1237-1243

Molnar J, Zhang F, Weiss ], Ehlert FA, Rosenthal JE. Diurnal
pattern of QTc interval: how long is prolonged? Possible
relation to circadian triggers of cardiovascular events. | Am
Coll Cardiol 1996; 27: 76-83

S- Editor ChengJX L-Editor O'Neill M E- Editor Zheng XM

June 26, 2011 | Volume 3 | Issue 6 |



