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Comparison of Nifekalant and Lidocaine for the Treatment
of Shock-Refractory Ventricular Fibrillation

Yoshio Tahara, MD; Kazuo Kimura, MD*; Masami Kosuge, MD*; Toshiaki Ebina, MD*;
Shinichi Sumita, MD*; Kiyoshi Hibi, MD*; Hideshi Toyama, MD;
Takayuki Kosuge, MD; Yoshihiro Moriwaki, MD; Noriyuki Suzuki, MD;
Mitsugi Sugiyama, MD; Satoshi Umemura, MD*

Background Although nifekalant is a class T antiarrthythmic agent without negative inotropic activity, its
effect in patients with shock-refractory ventricular fibrillation remains unclear.

Methods and Results Patients who had an out-of-hospital cardiac arrest with ventricular fibrillation that per-
sisted after 3 shocks from an external defibrillator, intravenous epinephrine, and another shock were retrospec-
tively studied. The patients received lidocaine from January 1997 through June 2001 and nifekalant from July
2001 through December 2004. Short-term survival rates (survival to hospital admission and 24-h survival) were
compared between the groups. The study group comprised 120 patients (mean age: 62+16 years): 55 received
nifekalant and 65 received lidocaine. Age, sex, history of ischemic heart disease, whether arrest was witnessed or
not and time to arrival at the hospital did not differ significantly between the groups. As compared with lidocaine,
nifekalant was associated with significantly higher rates of survival to hospital admission (67% vs 37%, p<0.001)
and 24-h survival (53% vs 31%, p=0.01). Multivariate analysis showed that treatment with nifekalant and early
initiation of cardiopulmonary resuscitation were independent predictors of 24-h survival.

Conclusions As compared with lidocaine, nifekalant may improve short-term survival in patients with out-of-
hospital cardiac arrest due to shock-refractory ventricular fibrillation.  (Circ J 2006; 70: 442—446)

Key Words: Antiarrthythmic agents; Cardiac arrest; Cardiopulmonary resuscitation; Emergency care;

Ventricular fibrillation

n the United States of America, sudden death occurs in
more than 400,000 adults each year. Ninety per cent of
such deaths are attributed to heart disease. Ventricular
fibrillation accounts for 80% of all cases of sudden cardiac
arrest!:2 In Japan, ventricular fibrillation is suspected to
occur in 63% of all cases of cardiac arrest, but has been
documented on the scene in only 15% of cases? This differ-
ence is attributed to a low rate of bystander cardiopulmo-
nary resuscitation (CPR) and a long time interval from the
onset of ventricular fibrillation to the initial recording of
electrocardiograms (ECG) by emergency medical service
(EMS) personnel. The rate of ventricular fibrillation docu-
mented on the scene will probably increase with improve-
ments in EMS and health care systems,

Since publication of the American Heart Association
(AHA) guidelines for CPR and emergency cardiac care in
2000, interest has focused on the role of CPR in the preven-
tion of sudden death from cardiac arrest4 Early detection of
ventricular fibrillation and effective defibrillation have
been acknowledged as important determinants of the rate
of survival to hospital discharge. Patients in whom sponta-
neous circulation is restored using defibrillation promptly
after the onset of ventricular fibrillation generally have a
good prognosis, whereas those with persistent ventricular
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fibrillation have a poor prognosisi-8 Adjunctive therapies
that promote the return of spontaneous circulation in
patients with ventricular fibrillation refractory to defibrilla-
tion are therefore needed.

The Amiodarone versus Lidocaine in Pre-hospital Ven-
tricular Fibrillation Evaluation (ALIVE) trial compared
amiodarone with lidocaine in patients with ventricular fib-
rillation persisting after shocks from an external defibrilla-
tor (shock-refractory ventricular fibrillation). The rate of
survival to hospital admission was significantly higher in
patients given intravenous amiodarone (22.8%) than in
those given intravenous lidocaine (12.0%)? Intravenous
amiodarone is recommended for antiarrhythmic therapy in
patients with shock-refractory ventricular fibrillation by the
2000 AHA guidelines, but it is not approved in Japan.

Nifekalant is a class T antiarrhythmic agent according to
the Vaughan Williams classification, similar to amiodarone.
This drug has been developed and approved for clinical use
in Japan. As compared with amiodarone, nifekalant is con-
sidered to have several advantages when used in patients
who require CPR, such as lowering the threshold for ven-
tricular defibrillation and having no effect or a mild posi-
tive inotropic effect on myocardial contractility!® Several
studies have reported that nifekalant is effective for the
management of ventricular arrhythmias refractory to treat-
ment with other drugs!!!2 Nifekalant is expected to be an
effective adjunctive treatment for refractory ventricular
fibrillation, but this remains to be confirmed clinically. We
retrospectively compared intravenous nifekalant with intra-
venous lidocaine in patients who had refractory ventricular
fibrillation with no return of spontaneous circulation after 3
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Figl. Nifekalant (2001-2004) vs Lidocaine (1997-2001): Observa-
tional Study. Patients were treated with nifekalant or lidocaine if they
had out-of-hospital ventricular fibrillation resistant to 3 shocks, intra-
venous epinephrine, and further shock. The drugs were administered
by hospital personnel after arrival. VF, ventricular fibrillation; DC,
direct-current shock; 1V, intravenous; NIF, nifekalant; LID, lidocaine.

shocks from an external defibrillator, as recommended by
the 2000 AHA guidelines.

Methods

We studied patients who had out-of-hospital cardiac
arrest with ventricular fibrillation and were transferred to
our hospital from January 1997 through December 2004. In
all patients, ventricular fibrillation persisted after 3 shocks
from an external defibrillator used by emergency medical
personnel, followed by an intravenous dose of epinephrine
and another shock given by hospital personnel after arrival
at the hospital. The mean age of the patients was 62+16
years. Of the patients, 80% were men.

Patients treated from January 1997 though June 2001
were given intravenous lidocaine. Those treated from July
2001 though December 2004 were given intravenous
nifekalant. The rates of short-term survival (survival to
hospital admission and 24-h survival), survival to hospital
discharge and return to independent living or their former
employment were compared between the groups. Treatment
algorithms for ventricular fibrillation in the 2000 AHA
guidelines recommend that patients with sudden cardiac
arrest due to ventricular fibrillation initially receive 3 shocks
from an external defibrillator. Patients who are not success-
fully resuscitated should be intubated for airway protection,
and intravenous access should be established to permit
drug administration. A 1-mg dose of epinephrine should be
given intravenously, followed by another shock. Patients
with persistent or recurrent ventricular fibrillation should
be intravenously given antiarrhythmic agents (amiodarone,
lidocaine, magnesium sulfate or procainamide), followed
by one or more precordial shocks?

Fig 1 shows our protocol, which was similar to the 2000
AHA guidelines. Intravenous nifekalant (0.3 mgskg) and
intravenous lidocaine (1.5 mg/kg) were used as antiarrhyth-
mic therapies. All patients received epinephrine and arti-
ficial ventilation in the hospital, and hospital personnel
started intravenous infusion. Spontaneous circulation was
not successfully restored by a single intravenous dose of
nifekalant or lidocaine in any patient. If an additional shock
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Table 1 Clinical Characteristics of Patients and Course of
Resuscitation Before Administration of Nifekalant
or Lidocaine.
NIF LID
(N=55) (N=65) p value
Age (years) 6315 61%16 0.39
Male sex (%) 86 77 0.22
Covonary artery disease (%) 69 63 0.46
Witnessed arrest (%) 58 59 0.93
CPR by bystander (%) 42 39 0.70
Time to CPR start (min) 7E5 76 0.80
Time to arrival at the hospital (min) 2618 27410 0.88
Time to study drug administration (min) 3417 3549 0.79
Total number of DC shocks 914 1044 0.92
Total dose of epinephrine (ng) 613 8§+5 0.01

NIF, nifekalant; LID, lidocaine; CPR, cardiopulmonary resuscitation; DC
shock, direct-current shock.

failed to restore spontaneous circulation after a bolus of
nifekalant or lidocaine, a continuous infusion of nifekalant
(0.4mg-kg-1-hY) or lidocaine (1 mg-kg!-h-!) was started;
thereafter, shocks were delivered every minute. After hos-
pital admission, a 12-lead ECG was recorded and corrected
QT (QTc) intervals were evaluated to adjust the infusion
dose. '

Endpoints

The primary endpoints were the rates of survival to
hospital admission and 24-h suarvival. Patients with resolu-
tion of ventricular fibrillation who had a transient but
unsustained return of spontaneous circulation and died in
the emergency room were not considered to have survived
to hospital admission. The secondary endpoint was the rate
of survival to hospital discharge. The most important goal
of CPR was an absence of neurologic deficits during con-
valescence. The rates of return to independent living or
former employment—that is, intact neurologic function-—
were also compared between the groups. The study protocol
was approved by the Ethics Committee of Yokohama City
University Medical Center.

Statistical Analysis

The results are expressed as means+S8D, and p values
were calculated with Student’s t-test. Means (xSD) were
compared between the groups with use of the chi-square
test. A multivariate logistic regression analysis was used to
identify clinical predictors of 24-h survival among the vari-
ables associated (p<0.1) on univariate analysis. Odds ratios
(ORs) and 95% confidence intervals (Cls) were calculated.
P values of less than 0.05 were considered to indicate statis-
tical significance. All analyses were performed using SPSS
11J (SPSS Inc, Chicago).

Results

Of the 2,221 patients with out-of-hospital cardiac arrest
treated at our hospital from January 1997 through Decem-
ber 2004, 12% of the patients had ventricular fibrillation
and 120 (5%) met the inclusion criteria and were included
in the study. Fifty-five patients received nifekalant, and 65
received lidocaine (Table 1). Age, sex, history of 1schemic
heart disease, whether the arrest was witnessed, whether a
bystander initiated CPR, time to initiation of CPR, time to
arrival at the hospital, time to study drug administration and
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p <0.001 p=0.01 p=0.2
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20%

Survival to admission Survival in 24h

Table 2 Multivariate Predictors of 24-h Survival

Factor Odds ratio (95%CI) p value
Age

(per additional year) 0.98(0.96-1.01) 0.21
Sex 2.11 (0.69-6.44) 0.19

(male vs female)
Witnessed arvest

i 1.42 (0.60-3.36) 0.43
(ves vs no)

Time to CPR start <5 min 3.57(1.43-8.94) <0.0/
(yes vs no) - P -
Time to drug administration 0.97 (0.93-1.02) 0.25
(per additional min) ’ : ’ '
Treatment assignment 3,16 (1.40-7.17) <001

(nifekalant vs lidocaine)

CI, confidence interval; CPR, cardiopulmonary resuscitation.

the total number of shocks delivered did not differ signifi-
cantly between the groups. The total dose of epinephrine
was greater in patients given lidocaine than in those given
nifekalant. Fig2 shows the effects of nifekalant and lido-
caine. As compared with patients given lidocaine, patients
given nifekalant had significantly higher rates of survival to
hospital admission (67% vs 37%, p<0.001) and 24-h survi-
val (53% vs 31%, p=0.01). The rates of survival to hospital
discharge (26% vs 22%, p=0.6) and intact neurologic func-
tion at discharge (7% vs 3%, p=0.2) were slightly but not
significantly higher in patients given nifekalant than in
those given lidocaine. At 24h, survivors (n=49) differed
significantly from non-survivors (n=71) with respect to age
(58.8+15.7 years vs 63.5x15.5 years, p=0.09), being male
(89% vs 75%, p=0.05), having the initial arrest witnessed
(70% vs 51%, p=0.03), time to the start of CPR (<5 min)
(53% vs 23%, p<0.01), time to arrival at the hospital (24.2+
9.6min vs 27.6+8.6 min, p=0.03), time to study drug admin-
istration (34.1£9.2min vs 37.4+8.4min, p=0.03) and
whether nifekalant or lidocaine was administered (55% vs
33%, p=0.01)!3 Table?2 shows the resulis of multivariate
analysis designed to identify baseline predictors of 24-h sur-
vival. The independent variables included in analysis were
age, sex, treatment assignment (nifekalant or lidocaine),
whether arrest was witnessed, time to CPR start (<5 min)
and time to drug administration. Treatment with nifekalant
(OR, 3.16; 95%CI, 1.40 to 7.17; p<0.01) and time to CPR
start (<5min) (OR, 3.57; 95%Cl, 1.43 to 8.94; p<0.0l)
were found to be independent predictors of 24-h survival.

Neurologically intact
at discharge

TAHARAY etal.

Fig2. Effect of reatment with nifekalant or lidocaine
on the rate of survival, Intravenous nifekalant was effec-
tive in increasing the rates of survival to hospital admis-
ston and 24-h survival. NIF, nifekalant; LID, lidocaine.

Discussion

In the present study of patients with cardiac arrest due to
shock-refractory ventricular fibrillation, the rates of survival
to hospital admission and 24-h survival were higher in pa-
tients given intravenous nifekalant than in those given intra-
venous lidocaine. Multivariate analysis showed nifekalant is
an independent factor of 24-h survival. Our results suggest
that nifekalant is therapeutically useful in patients undergo-
ing defibrillation for ventricular fibrillation.

The optimal use of antiarrhythmic drugs for CPR remains
poorly defined. The 2000 AHA guidelines recommend anti-
arrhythmic treatment with amiodarone, lidocaine and pro-
cainamide at the time of external defibrillation in patients
with refractory ventricular fibrillation. The guidelines now
classify amiodarone and procainamide as class IIb drugs
(“acceptable and useful™) and lidocaine as a class indeter-
minate drug (“no harm but no benefit”)4 Procainamide is
currently listed as a class IIb drug for ventricular fibrillation
unresponsive to other antiarrhythmic agents, but it is not
considered a first-line drug. Lidocaine has conventionally
been used to treat patients with out-of-hospital cardiac arrest
due to refractory ventricular fibrillation. To our knowledge,
however, no large clinical study has verified its effective-
ness. The Amiodarone for Resuscitation After Out-of-
hospital Cardiac Arrest due to Ventricular Fibrillation
(ARREST) study, comparing amiodarone with placebo/*
and the ALIVE study, comparing amiodarone with lido-
caine, have focused attention on amiodarone as a potential
drug of choice for the treatment of out-of-hospital cardiac
arrest due to shock-refractory ventricular fibrillation? How-
ever, amiodarone can cause adverse reactions such as
hypotension and bradycardia!> These reactions are attrib-
uted to the fact that amiodarone is a multiple-channel
blocker with complex pharmacologic properties, affecting
f-adrenergic receptors, calcium channels, sodium channels,
as well as potassium channels. Patients with out-of-hospital
cardiac arrest due to shock-refractory ventricular fibrilla-
tion are likely to have cardiac dysfunction. Antiarrhythmic
drugs with negative inotropic activity can negatively affect
the outcome of CPR in such patients.

Nifekalant is a pure potassium-channel blocker effective
for the management of out-of-hospital cardiac arrest due to
shock-refractory ventricular fibrillation;!0 its advantages
include no negative inotropic effects!®!8 and a lowering of
the defibrillation threshold!9-2! Even if adverse reactions
develop, they are transient because nifekalant has a short
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half-life!® In the present study, the period of continuous
infusion of antiarrhythmic agents was 3 days on average. In
patients with excessive QTc prolongation (>0.55), the infu-
sion dose was reduced. Consequently, there were no side
effects, including torsades de pointes and sinus arrest, dur-
ing the study period. However, concurrent use of nifekalant
and lidocaine should be avoided because interactions be-
tween these drugs can cause sinus-node suppressionl!!
Ischemic myocardium during acute myocardial infarction
is characterized by decreased intracellular ATP levels and
opening of ATP-sensitive potassium channels, leading to
non-uniform shortening of the action potential and refrac-
tory period, increasing the risk of reentry. Nifekalant
blocks the delayed rectifier potassium (JKr) current and has
strong antiarrhythmic activity against reentrant tachycar-
dias. Tts pharmacologic characteristics are considered par-
ticularly effective against ventricular arrhythmias occurring
after the onset of acute myocardial infarction??

In the present study, the rates of survival to hospital
admission and 24-h survival were higher in patients given
intravenous nifekalant than in those given intravenous lido-
caine;, however, the rate of survival to hospital discharge
did not differ significantly between the groups. The lack of
a difference in survival to discharge is most likely related
to the time to the return of spontaneous circulation? Dif-
ferences in survival rates between the ALIVE study and the
present study may be ascribed to differences between the
rate of bystander initiated CPR (average 27% vs 40%) or
differences in the underlying disease severity among pa-
tients with ventricular fibrillation? Albeit such differences
exist, the rate of survival to hospital admission was 1.9
times higher in the amiodarone group than in the lidocaine
group in the ALIVE study, as compared with 1.8 times
higher in the nifekalant group than in the lidocaine group in
the present study. These results suggest that nifekalant and
amiodarone are similarly effective.

Ventricular fibrillation becomes refractory to treatment
with the passage of time; early detection of cardiac arrest
due to ventricular fibrillation and early defibrillation are
thus important determinants of outcome in patients with
out-of-hospital cardiac arrest?® Furthermore, awareness of
the importance of CPR should be widely disseminated
among the general public? In addition to CPR, improve-
ment in survival with intact neurologic function among
patients with cardiac arrest requires increased emphasis on
cerebral-CPR after hospital admission. Improved patient
care, including techniques for brain hypothermia, are
essential2%-27 More aggressive policies for resuscitation in
conjunction with the use of intravenous nifekalant may
contribute to higher rates of survival to hospital admission
and survival with intact neurologic function.

Study Limitations

This was a retrospective study performed at a single
center, not a randomized trial. Patients who had previously
received lidocaine served as control. The baseline clinical
characteristics of the 2 treatment groups were similar,
except for a lower dose of epinephrine in the nifekalant
group. This lower dose may be attributed to the fact that
spontaneous circulation was regained without the need for
additional epinephrine in a higher proportion of patients in
the nifekalant group. In the lidocaine group, ventricular
fibrillation most likely led to cardiac arrest during CPR in a
substantial proportion of patients; additional epinephrine
was therefore given and CPR continued. The difference in
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the dose of epinephrine suggests that nifekalant was more
useful than lidocaine for the treatment of cardiac arrest due
to ventricular fibrillation. However, lidocaine and nifekalant
were used during different periods. Our outcomes may
therefore have been affected by factors such as technical
advances and improved medical care in addition to differ-
ences in drug efficacy. Another important limitation of the
present study was that nifekalant was not compared with
intravenous amiodarone, most commonly used for the man-
agement of shock-refractory ventricular fibrillation in
Western countries but not available in Japan.

Conclusions

Our results show that nifekalant improves short-term
survival; that is, the rates of survival to hospital admission
and 24-h survival, as compared with lidocaine in patients
with out-of-hospital cardiac arrest due to shock-refractory
ventricular fibrillation. However, our findings are prelimi-
nary and must be confirmed by further clinical studies.
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