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Abstract

not shown to be beneficial.

Introduction: Antiarrhythmia agents have been used in the treatment of cardiac arrest, and we aimed to review
the relevant clinical controlled trials to assess the effects of antiarrhythmics during cardiopulmonary resuscitation.

Methods: We searched databases including Cochrane Central Register of Controlled Trials; MEDLINE, and EMBASE.
Clinical controlled trials that addressed the effects of antiarrhythmics (including amiodarone, lidocaine, magnesium,
and other new potassium-channel blockers) on the outcomes of cardiac arrest were included. Data were collected
independently by two authors. The risk ratio of each outcome was collected, and meta-analysis was used for data

synthesis if appropriate. Heterogeneity was assessed with the x* test and the F test.

Results: Ten randomized controlled trials and seven observational trials were identified. Amiodarone (relative risk
(RR), 0.82; 95% confidence interval (Cl), 0.54 to 1.24), lidocaine (RR, 2.26; 95% Cl, 0.93to 5.52), magnesium (RR, 0.82;
95% (I, 0.54 to 1.24) and nifekalant were not shown to improve the survival to hospital discharge compared with
placebo, but amiodarone, lidocaine, and nifekalant were shown to be beneficial to initial resuscitation, assessed by
the rate of return of spontaneous circulation and survival to hospital admission, with amiodarone being superior
to lidocaine (RR, 1.28; 95% Cl, 0.57 to 2.86) and nifekalant (RR, 0.50; 95% Cl, 0.19 to 1.31). Bretylium and sotalol were

Conclusions: Our review suggests that when administered during resuscitation, antiarrhythmia agents might not
improve the survival to hospital discharge, but they might be beneficial to initial resuscitation. This is consistent
with the AHA 2010 guidelines for resuscitation and cardiovascular emergency, but more studies with good
methodologic quality and large numbers of patients are still needed to make further assessment.
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Introduction

Sudden cardiac arrest (SCA) is an emergency with high
incidences but poor outcomes. Summary data indicate
that the annual incidence of emergency medical service
(EMS)-treated out-of-hospital cardiac arrest (OHCA) is
about 50 to 55 per 100,000 persons in North America,
and the annual incidence of in-hospital cardiac arrest
(IHCA) ranges from three to six per 1,000 admissions.
Fewer than 10% of them have been survived to dis-
charge [1-4].
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For the victims presenting with ventricular fibrillation
(VF)/pulseless ventricular tachycardia (VT), antiarrhythmia
agents are a kind of fundamental medication recommen-
ded by the resuscitation guidelines [5,6]. Some clinical tri-
als studied the effects of antiarrhythmics on the outcomes
of cardiac arrest. The number of participants in each study
might be limited, and the individual studies might be
different in methodologic quality, according to the study
designs and methods. Several variables should be consi-
dered when evaluating the effects of resuscitation drugs,
such as the scene of collapse or the quality of cardiopulmo-
nary resuscitation (CPR). Although some antiarrhythmics
have been recommended by the guidelines [5,6], evidence
does not indicate that they could increase the survival from
cardiac arrest, and more data are needed for the assess-
ments of these drugs administered during CPR.
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Besides the drugs recommended for routine use during
CPR currently, such as amiodarone, lidocaine, and mag-
nesium, we also supposed that the new potassium-
channel blockers (such as ibutilide and so on), which
emerged as important kinds of agents for various ar-
rhythmias, might have the potential to be used during
CPR [7-9]. Although reviews about antiarrhythmics used
during CPR were undertaken as part of the ILCOR
Consensus on CPR Science in 2010, however, new stu-
dies conducted after 2010 and also some new drugs were
not included, and no meta-analyses were performed to
evaluate the results quantitatively. Thus, we conducted
the systematic review and meta-analysis to review the
current literature, assess the relevant clinical trials quan-
titatively and qualitatively, and provide better evidence
regarding the effects of antiarrhythmia agents on the
outcomes of cardiac arrest.

Methods

Study eligibility

We indentified studies according to the following criteria:
the studies were randomized controlled designs or pro-
spective/retrospective cohort designs; the studies recruited
adult (older than 18 years) cardiac arrest patients (OHCA
and IHCA); all arrest rhythms were included; antiarrhyth-
mic agents were administered during advanced cardiac
life support (ACLS), including amiodarone, lidocaine,
magnesium, other new potassium-channel blockers,
such as nifecalant, ibutilide, dofetilide, and others, such
as bretylium.

The studies had reported the following outcomes:
ROSC; short-term survival: survival to hospital intensive
care unit (ICU) admission for OHCA patients/survival
to 24 hours for IHCA patients; survival to hospital dis-
charge; and neurologic outcomes at discharge. Neurologic
outcomes at hospital discharge were measured as cerebral
performance category (CPC): good recovery (defined as a
CPC score of 1 or 2) and unfavorable recovery (defined as
a CPC score of 3, 4, or 5).

Data sources

We searched the Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE (Ovid), and EMBASE. We
also screened the reference lists of relevant trials and
reviews. We searched the following databases for unpub-
lished or ongoing studies: http://www.controlled-trials.
com and http://clinicaltrials.gov.

We searched the combination of the keywords “heart
arrest,” “sudden death,” “cardiopulmonary resuscitation,”
“tachycardia, ventricular,” “ventricular fibrillation,” “arrhy-
thmias, cardiac,” “advanced life support,” “antiarrhythmia
agents,” “amiodarone,” “lidocaine,” “magnesium,” and “po-
tassium-channel blockers.”
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The searching was performed in October 2012, for all
studies published in English between January 1948 and
October 2012.

Study selection and data extraction

Two authors (Yu Huang and Qing He) independently
screened all the titles and abstracts for eligibility. If we
doubted whether a title or abstract should be included
or excluded, then we read the full text to make a decision.
The full texts were also read independently. Disagree-
ments were solved by discussion with other authors, if any
(Min Yang and Lei Zhan).

Two authors (Yu Huang and Qing He) extracted and
collected data independently. The following data were
abstracted: publication information mainly including
first author’s last name and publication year; the settings
of the study; the study design; characteristics of types of
the included patients and the rhythms of arrest; infor-
mation about sample collecting; the regimens of drug
administration; and outcomes reported. Disagreements
were resolved by discussion.

Quality assessment of included studies
We assessed the methodologic quality of eligible trials by
using the Risk of Bias tool recommended by the Cochrane
Collaboration [10]. We assessed each trial across the fol-
lowing quality domains: (a) random-sequence generation;
(b) allocation concealment; (c) blinding: according to spe-
cial properties of CPR, we considered blinding adequate if
the professional rescuers, the physicians in the hospital or
the intensive care unit and the outcome assessors were
blinded, regardless of the blinding of patients; (d) incom-
plete outcome data or loss to follow-up; and (e) selective
reporting and any other potential threats to validity.

The assessment was performed by two authors (Yu Huang
and Qing He) independently.

Synthesis of results

The ROSC and survival outcomes were measured and
derived as risk ratios (RRs) with 95% confidence inter-
vals (CIs). Neurologic outcomes, grouped into the two
categories of good recovery and unfavorable recovery,
were also measured as RR with 95% CI to adapt them
for meta-analysis. We synthesized the data by meta-
analysis if available. Meta-analysis was performed by
using Review Manager (RevMan 5.1). Heterogeneity was
tested by using the x* test, and P < 0.10 was considered
significant. The I statistic also was used (I°% < 25% for
low, 25% < I’% < 50% for moderate, and I°% > 50% for
high). According to the variability of practice of CPR,
including the different comorbidities of the included
patients, the different treatment strategies and so on, we
expected that a random-effects model would be suitable
for this meta-analysis.
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Subgroup analysis
We planned to perform subgroup analysis of OHCA and
IHCA patients when applicable.

Sensitivity analysis
We planned to perform sensitivity analysis by excluding
trials with high risk of bias when applicable.

Results

Our broad search identified 1,583 studies, and finally 14
were included after abstract screening and full-text
reviewing (Figure 1) [11-24]. After analysis, we broadly
categorized the studies into the following questions:
antiarrhythmia agents (amiodarone/lidocaine/magnesium
sulfate) versus placebo; amiodarone versus lidocaine;
nifekalant versus lidocaine/amiodarone; and other drugs.

Antiarrhythmia agents versus placebo

We identified eight eligible studies that compared the
effects of antiarrhythmia agents versus placebo for car-
diac arrest. Five of the included studies were randomized
designed trials, and the other three were retrospective
observational studies [11-18]. The details of study cha-
racteristics are shown in Table 1.

One randomized controlled trial studied the use of
amiodarone during CPR, and 504 patients were enrolled.
Kudenchuk and colleagues performed a study conducted
in urban and suburban emergency medical service
(EMS) systems in the United States [11]; the CPR pro-
tocol was according to American Heart Association
(AHA) guidelines published in 1982. OHCA patients
(504) were enrolled, and 300 mg amiodarone or placebo
was administered randomly if no resuscitation was
gained after three shocks. The rescuers responsible for
drug administration, advanced life support (ALS), or
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treatment in the emergency department (ED), and the
investigators responsible for data collection and analyses,
were all blinded adequately. The recipients of amiodarone
were more likely to be resuscitated and survive to admis-
sion (RR, 1.27; 95% CI, 1.02 to 1.59); however, the propor-
tion of patients who survived to discharge did not differ
significantly in the two groups (RR, 1.02; 95% CI, 0.65 to
1.59). Thus although ROSC was not reported, amiodarone
had significantly improved initial resuscitation compared
with placebo, according to survival to hospital admission.

Another retrospective study conducted by the Helsinki
EMS systems studied the use of undiluted amiodarone
in the management of VF/pulseless VT resistant to three
shocks [12]. No significant differences were shown in
ROSC, survival to hospital admission, and discharge, but
data demonstrated that the patients who received amio-
darone had a more complicated prehospital course com-
pared with those who did not receive amiodarone.

Four trials studied the effects of magnesium for car-
diac arrest [13-16]; all were double-blinded randomized
controlled trials. Three trials enrolled 370 OHCA pa-
tients [13-15]. In the case of Hassan et al. [13], the study
was conducted in the county of Leicestershire, UK, and
CPR was performed according to ERC guidelines pub-
lished in 1992. Patients who had either VF resistant to
three shocks or a second episode of VF during resusci-
tation were included. Magnesium sulfate (2 g) or placebo
was given intravenously, and a repeated dose of 2 g mag-
nesium sulfate might be given after six ineffective shocks.
In the case of Allegra et al. [14], a multicenter prehospital
study clinical trial conducted in New Jersey, USA. was
found. Patients with VF refractory to three shocks were
included, and magnesium sulfate (2 g) or placebo was
given intravenously. In the case of Fatovich et al. [15], the
study was undertaken at the ED of a large university

1583 of records identitied through database
searching and other resources

A,
L1583 of records screened

v

31 of full-text articles assessed for eligibility

duplicates; not met our PICO terms;

1552 of records excluded:

17 of full-text articles excluded:

v

14 of studies included in quality assessment
and meta-analysis

Figure 1 Flow diagram of literature search.
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Table 1 Study characteristics

Study design

Setting and sample size

Inclusion of participants

Intervention

Control

Reported outcomes

Kudenchuk et al. [11]

Skrifvars et al. [12]

Fatovich et al. [15]

Thel et al. [16]

Allegra et al. [14]

Hassan et al. [13]

Harrision [17]

Randomized, double-
blind, placebo-
controlled study

Retrospective
designed study

Double-blind,
randomized
controlled study

Double-blind,
randomized
controlled study

Double-blind,
randomized
controlled study

Double-blind,
randomized
controlled study

Retrospective design

Conducted in urban and

suburban emergency medical
service (EMS) systems in US, CPR
was performed following the
treatment protocols written in
accordance with American Heart
Association guidelines for advanced
cardiac life support (ACLS) in 1982,
504 participants were enrolled

Conducted by Helsinki EMS systems;
CPR was performed according to
2000 guidelines; 180 patients were
enrolled

Undertaken at the ED of Royal Perth
Hospital which served a population
of 400,000 residents in urban setting;
CPR was performed in accordance
with the guidelines for clinical trials
published by the Australian National
Health and Medical Research
Council; 67 patients were enrolled

Conducted by the Duke Hospital
code team, CPR was performed
according to the American Heart
Association guidelines for ACLS;
152 participants were enrolled

Multicenter prehospital study clinical
trial conducted in NJ, USA; standard
ACLS algorithm was followed; 109
patients were enrolled

Undertaken by the Leicestershire
Ambulance and Paramedic Service
which provided prehospital care to
approximately 900,000 people in
urban settings; CPR was performed
according to ERC guidelines in 1992;
105 patients were enrolled

Undertaken by EMS in urban and
rural counties; 116 patients were
enrolled

Adults with nontraumatic out-of-
hospital cardiac arrest were eligible
if ventricular fibrillation or pulseless
ventricular tachycardia (on initial
presentation or any time in the
course of the resuscitation attempt)
was present after three or more
precordial shocks

Adult OHCA patients with VF/
pulseless VT resistant to three
shocks

All victims of OHCA receiving CPR,
brought to the ED by the EMS
system were eligible. Patients were
excluded if they were already dead,
not receiving CPR, already
successfully resuscitated, or if the
cardiac arrest was due to a
noncardiac etiology

All hospital inpatients in the
intensive-care units and general
wards who were at least 18 years
old and treated for cardiac arrest
by the Duke Hospital code team
were eligible

All patients with nontraumatic
cardiac arrest who were 18 years of
age or older and had VF refractory
to three electroshocks

All adult patients (older than

18 years) with prehospital CA
treated by EMS or in CA on arrival
in the emergency department. The
patient had either VF resistant to
three shocks or a second episode of
VF during a resuscitation cycle. CA
patients related to trauma, hanging,
or drowning were excluded

Adult patients with shock-resistant
VENT

300 mg of amiodarone
diluted with dextrose,
given intravenously

A bolus of 300 mg
amiodarone after three
ineffective shocks, an
additional 150-mg dose
might be administered

5 g MgSOy4 (20 M in
10 ml), given as a bolus

2 g bolus of
magnesium sulfate
followed by an infusion
of 8 g over 24-hour
period

2 g magnesium sulfate

Magnesium sulfate

(2 g or 8 mM) repeated
with a further 2 g if the
patient remained in VF
after six shocks

100-mg lidocaine bolus

The diluent, polysorbate
80 as placebo

No amiodarone was
administered

10 ml 0.9% normal
saline, given as a bolus

Matching placebo

Equal volume of saline
as placebo

Matched normal saline
placebo

No lidocaine given

Survival to hospital
intensive care unit
admission; survival
to hospital discharge

ROSG; survival to
hospital admission;
survival to hospital
discharge

ROSC; 24-hour survival;
survival to hospital
discharge

ROSC; 24-hour survival;
survival to hospital
discharge; neurologic
outcomes at hospital
discharge (assessed by
Glasgow Coma Scale
score)

ROSC; 24-hour survival;
survival to hospital
discharge

ROSC; 24-hour survival;
survival to hospital
discharge; Neurologic
outcomes at hospital
discharge (assessed by
Glasgow Coma Scale
score)

Survival to admission;
survival to discharge
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Table 1 Study characteristics (Continued)

Herlitz et al. [18]

Dorian et al. [19]

Rea et al. [20]

Amino et al. [21]

Igarashi et al. [24]

Tahara et al. [23]

Shiga et al. [22]

Nowak et al. [26]

Olson et al. [25]

Kovoor et al. [27]

Retrospective design

Randomized, double-
blind, placebo-
controlled study

Multicenter
retrospective cohort
study

Retrospective
observational study

Retrospective
observational design

Retrospective, historic
controlled design

Prospective
observational study

Double-blinded,
randomized

Randomized study

Randomized, double-
blinded study

Conducted by two city hospitals in
urban settings; 290 patients were
enrolled

The study was conducted under the
auspices of, a multitiered out-of-
hospital emergency-response system
in Toronto; treatment protocols were
in accordance with the American
Heart Association guidelines for
advanced cardiac life support; 347
participants were enrolled

Undertaken in three academic
medical centers in the United States;
CPR treatments and drug doses were
according to 2000 AHA guidelines;
118 patients were enrolled

Conducted by EMS system of Tokai
University. The CPR protocol was
adapted from ACLS algorithm
recommended by AHA; 30 patients
were enrolled

Conducted by Toho Omori
University Hospital; 22 patients were
enrolled

Undertaken in urban settings in
Yokohama, Japan; CPR treatments
were according to 2000 AHA
guidelines; 120 patients were enrolled

Conducted in the cardiology
departments of 10 hospitals in urban
settings

CPR treatments were consistent with
American Heart Association protocols

Conducted with the Milwaukee
County Paramedic system

Conducted with the Ambulance
Service of New South Wales

Adult cardiac-caused OHCA patients
with VF/VT resistant to three shocks

Adult patients with nontraumatic
out-of-hospital VF/other cardiac
rhythms that converted to VF, VF
was resistant to three shocks from
an external defibrillator, at least one
dose of intravenous epinephrine,
and a fourth defibrillator shock

Patients experienced in-hospital
cardiac arrest secondary to pulseless
VT/VF were included. Pregnant
women, prisoners, and patients
younger than 18 years were
excluded

Adult out-of-hospital cardiac arrest
patients with first defibrillation failure
or VF recurrence were included

Adult out-of-hospital cardiac arrest
patients with VF and unsuccessful
defibrillation attempts by paramedics

Patients who had out-of-hospital VF
and were transferred to the
university hospital, VF persisted after
three shocks and a dose of
epinephrine and another shock

Adult patients with VF when
admitted to hospital
OHCA patients

OHCA patients with refractory VF

OHCA due to refractory VF

50 mg lidocaine was
given intravenously
(could be repeated up
to 200 mg)

Amiodarone(5 mg/kg
of estimated body
weight diluted with
dextrose), infused
rapidly into a peripheral
vein

Amiodarone
administrated as
recommended by the
2000 AHA guidelines

Nifekalant

Nifekalant(0.2-0.4 ml/kg)

Intravenous nifekalant
(0.3 mg/kg)

Nifekalant

10 mg/kg of bretylium

5-10 mg/kg bretylium

100 mg of sotalol

No lidocaine given

Lidocaine (1.5 mg/kg at
a concentration of

10 mg/ml), infused
rapidly into a peripheral
vein

Lidocaine administered
as recommended by

the 2000 AHA guidelines

Amiodarone

Lidocaine(1-2 mg/kg)

Intravenous lidocaine
(1.5 mg/kg)

Amiodarone

Placebo

1 mg/kg lidocaine

100 mg of lidocaine

ROSC; survival to
coronary care unit
admission; survival to
discharge

Survival to hospital
intensive care unit
admission; survival
to hospital discharge

Survival to 24 hours;
survival to hospital
discharge

ROSC; survival to
admission; survival to
hospital discharge

ROSC; survival to
discharge

Survival to admission;
survival to hospital
discharge

ROSC; short-term
survival; survival to
discharge

Survival to emergency
department leaving

Survival to admission;
survival to discharge

Survival to admission;
survival to discharge

€/ LY/¥// | /AUSU0D/WO0d WNJ0dd//:dny
€/LYLL '€10T 240D D211 o 12 bueny

Gl jJo G abeg



Huang et al. Critical Care 2013, 17:R173
http://ccforum.com/content/17/4/R173

hospital in Perth. OHCA patients were enrolled if they
were still undergoing arrest when they arrived at the ED,
and the patient management followed standard ALS
guidelines (5 mg MgSO, or 10 ml saline was given ran-
domly at arrival at the ED). These three individual studies
showed that no significant differences were found between
magnesium and placebo groups in either ROSC or sur-
vival to discharge.

One trial was conducted by the Duke Hospital code
team, and enrolled 67 IHCA patients from intensive care
or general wards [16]. The primary diagnosis included
circulatory/neurologic/respiratory disorders. The resus-
citation protocol was according to AHA guidelines,
MgSO, (2-g bolus followed by an infusion of 8 g over a
24—hour period) or placebo given in a double-blinded
manner. The results showed that in IHCA patients, no
significant differences occurred between the magnesium
and placebo groups in all outcomes.

Two retrospective studies compared lidocaine with
placebo for OHCA patients with shock-resistant VE/VT
[17,18]. In total, 406 patients were enrolled, and either
individual study showed that lidocaine was superior to
placebo in initial resuscitation but not survival to
discharge.

We assessed the quality of the evidence by using the
Cochrane Risk of Bias tool (see details in Table 2). In the
five randomized trials, random sequence was generated
by computer in the case of Allegra et al. [14], but no
detailed information about the allocation concealment
was found in the text. Sealed envelopes and central allo-
cation were used for allocation in the case of Fatovich
et al. [15], but no detailed information on randomized
sequence generation was reported. No detailed informa-
tion about random-sequence generation and allocation
concealment could be found in the articles about other
studies [11,13,16]. However, they are all randomized
prospective designs, according to the texts, so unclear
selection bias was considered [11,13-16]. Double-blinding
was performed in all trials [11,13-16], and in the case of
Kudenchuk et al. [11], the rescuers in the ED and the
investigators for data collection and analyses were also
blinded. Because considering the blinding of outcome
assessors would not influence the analysis of ROSC or
survival rate, a low risk of performing bias was considered.
In the three retrospective studies, high risk of allocation
and performing bias was considered [12,17,18]. Moreover,
low risk of attribution and other bias was considered in all
studies.

We performed meta-analysis by subgroups according
to the different antiarrhythmics (Figures 2, 3, and 4).
The rates of survival to hospital discharge were reported
in all trials, whereas the other two outcomes were not.
The pooled results showed that none of amiodarone
(x> = 1.80; P = 0.18; I = 45%; RR, 0.82; 95% CI, 0.54
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to 1.24) magnesium (x* = 0.89; P = 0.83; > = 0; RR,1.07;
95% CI, 0.62 to 1.86) or lidocaine (x> = 1.16; P = 0.28;
P = 14%; RR, 2.26; 95% CI, 0.93 to 5.52) had improved the
survival to discharge. In the evaluation of outcomes of
initial resuscitation, no difference was found in ROSC and
survival to admission/24 hours between magnesium and
placebo, but lidocaine was shown to improve initial resus-
citation, according to the pooled results.

No trials reported data of neurologic outcomes assessed
with CPC, so no meta-analysis was performed. In addi-
tion, only two trials reported data of neurologic outcomes
measured by Glasgow Coma Scale score in OHCA and
IHCA patients [13,16], and both trials showed that mag-
nesium had not improved neurologic outcomes at hospital
discharge compared with placebo.

Amiodarone versus lidocaine
Two studies compared the effects of amiodarone and
lidocaine during CPR (Table 1) [19,20]. Dorian and col-
leagues [19] performed a randomized study conducted
under the auspices of the Toronto EMS system, and 247
patients were enrolled. OHCA patients with VF/pulseless
VT refractory to defibrillation shocks were included, and
the CPR was performed based on the 2000 AHA guide-
lines. Amiodarone (5 mg/kg) or lidocaine (1.5 mg/kg)
was administered in a randomized, double-blinded man-
ner. If VF persisted after a further shock, a second dose
was given (1.5 mg/kg lidocaine; 2.5 mg/kg amiodarone),
and resuscitation was continued. The rate of survival to
admission was significantly higher in the amiodarone
group compared with the lidocaine group (RR, 1.90; 95%
CI, 1.16 to 3.11), however, no significant difference was
found in the survival to discharge between the two
groups (RR, 1.67; 95% CI, 0.57 to 4.88). Rea and col-
leagues [20] retrospectively reviewed the data of IHCA
(pulseless VT/VF) from three large academic medical
centers. Cardiac arrest was caused by circulatory or
respiratory diseases. All CPR treatments and drug doses
were according to 2000 AHA guidelines. The results
showed that no difference was found in the proportion
of patients alive 24 hours after arrest and at discharge
between the two groups, the survival to ICU admission
was reported. However, amiodarone was administered
8 minutes later on average, compared with lidocaine.

In Dorian et al. [19], adequate allocation concealment
and binding was considered, according to the article, but
no information about randomized-sequence generation
was reported, so unclear risk of selection bias was
considered. For the retrospective study [20], high risk of
selection, performing, and detection bias was considered.
Details are shown in Table 2.

Both of the two studies reported survival to discharge
and survival to admission. The pooled results showed
that no significant differences in survival to discharge



Table 2 Assessment methodologic quality

Random-sequence generation

Allocation concealment

Blinding

Incomplete outcome Free of selective

data addressed?

reporting/other bias

Assessment of risk
of bias across study

Kudenchuk et al. [11]

Skrifvars et al. [12]

Fatovich et al. [15]

Thel et al. [16]

Allegra et al. [14]

Hassan et al. [13]

Harrision [17]

Herlitz et al. [18]

Dorian et al. [19]

Rea et al. [20]

Amino et al. [21]

lgarashi et al. [24]

Tahara et al. [23]

Shiga et al. [22]

Nowak et al. [26]

Olson et al. [25]

Kovoor et al. [27]

Complete randomization was used
according to the text, no details reported

High risk of allocation bias was considered according to the retrospective

design

Complete randomization was used
according to the text, no details reported

Complete randomization was used
according to the text, no details reported

Random sequence generated by

computer

Complete randomization was used
according to the text, no details reported

High risk of allocation bias was considered, according to the retrospective

design

High risk of allocation bias was considered, according to the retrospective

design

Complete randomization was used
according to the text, no details reported

High risk of allocation bias was considered, according to the retrospective

design

Randomized controlled design, but lack of detailed information, unclear risk
of allocation bias was considered

High risk of allocation bias was considered according to the retrospective

design

High risk of allocation bias was considered according to the retrospective

design

High risk of allocation bias was considered according to the prospective

observational design

Randomization was performed, but lack

of details was found

Randomization was performed, but lack

of details was found

Quasi-randomization was considered,

according to the text

Lack of details reported

Adequately performed

Performed according to the text,

lack of details reported

Performed according to the text,

lack of details reported

Sealed envelopes were used for

allocation, adequate

Adequately performed

Lack of details reported

Lack of details reported

Adequately performed according

to the text, lack of details

Adequate

No blinding was
performed

Adequate

Adequate

Adequate

Adequate

No blinding

No blinding was
performed

Adequate

No blinding was
performed

Blinding was performed,
but lack of details

No blinding was
performed

No blinding was
performed

No blinding was
performed

Double-blinding was
performed
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Experimental Control
Study or Subgroup Events Total Events Total Weight

M-H, Random, 95% CI Year

Risk Ratio Risk Ratio

M-H, Random, 95% Cl

1.1.1 amiodarone vs. placebo

Skrifvars 2004 46 75 73 105 100.0%
Subtotal (95% Cl) 75 105 100.0%
Total events 46 73

Heterogeneity: Not applicable

Test for overall effect: Z = 1.12 (P = 0.26)

1.1.2 lidocaine vs. placebo

Herlitz 1997 83 185 25 105 100.0%
Subtotal (95% Cl) 185 105 100.0%
Total events 83 25

Heterogeneity: Not applicable

Test for.overall effect: Z = 3.29 (P = 0.001)

1.1.3 magnesium vs. placebo

Fatovich 1997 7 31 8 36 7.1%
Thel 1997 41 76 48 80 75.9%
Allegra 2001 12 55 10 54 10.1%
Hassan 2002 9 52 7 53 6.9%
Subtotal (95% Cl) 214 223 100.0%
Total events 69 73

Heterogeneity: Tau? = 0.00; Chi? = 1.05, df = 3 (P = 0.79); 1> = 0%
Test for overall effect: Z=0.36 (P = 0.72)

analysis was performed according to different medications.

Test for subgroup differences: Chi? = 12.10. df = 2 (P = 0.002). 12 = 83.5%

Figure 2 Comparison of the effects of antiarrhythmics versus placebo. Outcome: ROSC (return of spontaneous circulation). Subgroup
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(x> = 1.18; P = 0.28; I” = 15%; RR, 1.01; 95% CI, 0.65 to
1.55) and also survival to admission (Figure 5).

Nifekalant versus amiodarone/lidocaine

In our review, we attempted to study the use of new
potassium-channel blockers during CPR, and only four
trials that studied the effects of nifekalant were identified
(Table 1) [21-24]. Amino and colleagues [21] compared
nifekalant versus amiodarone for OHCA patients
(shock-resistant VF) who were transferred to the EMS of
Tokai University [21]. Thirty patients were enrolled, and
the study drugs were given randomly; amiodarone was
shown to be superior to nifekalant in all outcomes
(Figure 6). Shiga and colleagues [22] conducted a pro-
spective observational study to compare the effects of
nifekalant versus lidocaine for THCA (shock-resistant
VE/VT) [22]. Tahara and colleagues [23] performed a
retrospective, historical controlled study that enrolled
OHCA patients with shock-resistant VF. Both studies
showed that nifekalant significantly improved ROSC
compared with lidocaine but not the live discharge. Add-
itionally, Igarashi and colleagues [24] conducted a con-
trolled study with only 22 patients to compare nifekalant
and lidocaine for OHCA patients with VF. Nifekalant
(0.2 to 0.4 ml/kg) or lidocaine (1 to 2 mg/kg) was given
respectively after arrival at the ED and confirmation of

VE. All patients died before discharge, but nifekalant
was shown to improve the return of sinus rhythms com-
pared with lidocaine.

In the assessments of methodologic qualities (Table 2),
unclear risk of selection bias was considered for the ran-
domized trial, but high risk of selection and performing
bias was considered for the other two observational
studies [21-23]. In the case of Igarashi et al., because no
detailed information about study design was found in
the text, a high risk of bias was considered for this study
[24]. The overall pooled results showed that nifekalant
significantly improved initial resuscitation compared with
lidocaine (Figure 7), but no significant difference was
found in the live discharge between the two groups (x* =
0.59; P = 0.44; I° = 0; RR, 1.40; 95% CI, 0.88 to 2.25).

Others

One randomized trial enrolled 91 out-of-hospital pa-
tients with VF refractory to four countershocks and
compared the effect of bretylium with lidocaine [25].
Bretylium was not shown to have better effect than
lidocaine on survival to hospital admission (RR, 1.01;
95% CI, 0.48 to 2.15) and survival to hospital discharge
(RR, 0.45; 95% CI, 0.09 to 2.18). Another randomized
double-blinded trial compared the effect of bretylium
with placebo [26]. Bretylium was not shown to improve
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Control

Experimental

1.2.1 amiodarone vs. placebo

Kudenchuk 1999 108 246 89 258 51.3%
Skrifvars 2004 38 75 67 105 48.7%
Subtotal (95% Cl) 321 363 100.0%

Total events 146 156
Heterogeneity: Tau? = 0.10; Chi? = 7.33, df = 1 (P = 0.007); > = 86%
Test for overall effect: Z = 0.05 (P = 0.96)

1.2.2 lidocaine vs. placebo

Harrison 1981 13 62 9 54  30.4%
Herlitz 1997 70 185 19 105 69.6%
Subtotal (95% ClI) 247 159 100.0%
Total events 83 28

Heterogeneity: Tau? = 0.03; Chi?=1.26, df =1 (P = 0.26); ?=21%
Test for overall effect: Z = 2.49 (P = 0.01)

1.2.3 magnesium vs. placebo

Thel 1997 4 31 4 36 4.9%
Fatovich 1997 a3 76 40 80 73.3%
Allegra 2001 9 55 9 54 11.7%
Hassan 2002 9 52 7 53 10.1%
Subtotal (95% CI) 214 223 100.0%
Total events 55 60 ’

Heterogeneity: Tau? = 0.00; Chi? = 0.86, df = 3 (P = 0.83); 1= 0%
Test for overall effect: Z = 0.48 (P = 0.63)

was performed according to different medications.

Test for subgroup differences: Chi? = 5.75. df = 2 (P = 0.06). I* = 65.2%

Figure 3 Comparison of the effects of antiarrhythmics versus placebo. Outcome: survival to hospital admission/24 hours. Subgroup analysis

Risk Ratio Risk Ratio
M-H, Ran
1.27 [1.02, 1.59] 1999
0.79[0.61, 1.04] 2004
1.01 [0.63, 1.61]
1.26 [0.58, 2.71] 1981 —E—
2.09 [1.34, 3.27] 1997 -
1.79 [1.13, 2.83] L 4
1.16 [0.32, 4.26] 1997 — T
0.87 [0.62, 1.22] 1997 |
0.98 [0.42, 2.28] 2001 i
1.31[0.53, 3.26] 2002 T
0.93 [0.70, 1.24] 2
| | : |
0.01 0.1 1 10 100
Favours experimental Favours control

the proportion of patients who survived to leave the ED
(RR, 4.28; 95% CI, 0.60 to 30.26).

In a randomized double-blinded trial of sotalol versus
lignocaine in out-of-hospital VF patients [27], 129 patients
with VF refractory to four shocks were enrolled, and the
results showed that sotalol was not superior to lignocaine
for improving survival to hospital admission (RR, 0.60;
95% CI, 0.33 to 1.10), survival to hospital discharge
(RR, 0.33; 95% CI, 0.07 to 1.52), and neurologic outcome
(RR, 0.13; 95% CI, 0.01 to 2.32).

Subgroup analysis

In the comparison of magnesium with placebo and
amiodarone with lidocaine, both OHCA and patients
were included, so we performed subgroup analysis of
OHCA and IHCA patients.

In the comparison of magnesium with placebo, three
double-blind, randomized controlled trials enrolled 281
OHCA patients, and magnesium was not shown to
improve survival to hospital discharge (RR, 1.57; 95% CI,
0.41 to 6.05), ROSC (RR, 1.16; 95% CI, 0.71 to 1.89), and
survival to ICU admission (RR, 0.92; 95% CI, 0.68 to
1.24) [13-15]. One double-blind, randomized controlled
trial enrolled 67 IHCA patients, and the results showed

that magnesium had not improve survival to hospital
discharge (RR, 0.99; 95% CI, 0.54 to 1.82), ROSC (RR,
0.90; 95% CI, 0.68 to 1.18), or survival to 24 hours
(RR, 1.16; 95% CI, 0.32 to 4.26) [16].

In the comparison of amiodarone with lidocaine, one
double-blind, randomized controlled trial with 347
patients showed that amiodarone improved the survival
to ICU admission (RR, 1.90; 95% CI, 1.16 to 3.11) in
OHCA patients compared with lidocaine [19]. However,
in IHCA patients, the other retrospective study that
enrolled 118 patients, showed no significant difference
in survival to 24 hours between the two treatments (RR,
0.91; 95% CI, 0.69 to 1.18) [20]. No significant difference
was found between the effects of amiodarone and
lidocaine on survival to hospital discharge (RR, 0.99;
95% CI, 0.54 to 1.82) in both OHCA and IHCA patients
[19,20].

Sensitivity analysis

In the comparisons of amiodarone with placebo and
amiodarone with lidocaine, only one trial could be
identified if the other trials with high risk of bias were
excluded [11,19]. In the comparison of amiodarone with
placebo, amiodarone was shown to improve ROSC rate
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Experimental

Control

Risk Ratio

Risk Ratio

performed according to different medications.

Test for subgroup differences: Chiz = 4.15. df = 2 (P = 0.13). 12 = 51.8%

Figure 4 Comparison of the effects of antiarrhythmics versus placebo. Outcome: survival to hospital discharge. Subgroup analysis was

Study or Subgroup  Events Total Events Total Weight M-H, Random,95% Cl Year M-H, Random, 95% CI

1.3.1 amiodarone vs. placebo

Kudenchuk 1999 33 246 34 258 48.8% 1.02 [0.65, 1.59] 1999

Skrifvars 2004 21 75 44 105 51.2% 0.67 [0.44, 1.02] 2004

Subtotal (95% Cl) 321 363 100.0% 0.82 [0.54, 1.24]

Total events 54 78

Heterogeneity: Tau? = 0.04; Chi? = 1.80, df = 1 (P = 0.18); I2 = 45%

Test for overall effect: Z = 0.94 (P = 0.35)

1.3.2 lidocaine vs. placebo
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Heterogeneity: Tau?=0.10; Chi2= 1.16, df = 1 (P = 0.28); I* = 14%

Test for overall effect: Z = 1.79 (P = 0.07)
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Figure 5 Comparison of the effects of amiodarone versus lidocaine. (A) Survival to hospital admission/24 hours. (B) Survival to
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A Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H, Rand % C
Amino 2010 7 15 10 15 100.0% 0.70[0.37, 1.34] 2010
Total (95% Cl) 15 15 100.0% 0.70 [0.37,1.34]
Total events 7 10 " : | : .
Heterogeneity: Not applicable 0.01 01 1 10 100
Test for overall effect: Z = 1.08 (P = 0.28) Favours experimental ~ Favours control

B Experimental Control Risk Ratio Risk Ratio

H 0,

Study or Subgroup __Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H. Random, 95% CI
Amino 2010 7 15 10 15 100.0% 0.70[0.37, 1.34] 2010
Total (95% Cl) 15 15 100.0% 0.70 [0.37, 1.34] 0\
Total events 7 10 ; } | ; ;
Heterogeneity: Not applicable 001 01 1 10 100
Test for overall effect: 2 = 1.08 (P = 0.28) Favours experimental  Favours control

C Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H. Random 95% Cl Year M-H Randgm 95% Cl
Amino 2010 4 15 8 15 100.0% 0.50[0.19,1.31] 2010
Total (95% Cl) 15 15 100.0% 0.50[0.19, 1.31] r
Total events 4 8 - % ; %
Heterogeneity: Not applicable 001 04 1 10 100
Test for overall effect: 2 = 1.41 (P = 0.16) Favours experimental  Favours control

Figure 6 Comparison of nifekalant with amiodarone. (A) ROSC. (B) Survival to hospital admission/24 hours. (C) Survival to hospital discharge.
ROSC, return of spontaneous circulation.

and survival to admission (RR, 1.27; 95% CI, 1.02 to
1.59) compared with placebo; however, the survival to
discharge did not differ significantly in the two groups
(RR, 1.02; 95% CI, 0.65 to 1.59) [11]. These results were
consistent with those synthesized before exclusion of the
retrospective designed study, which was considered to
be with high risk of bias.

In the comparison of amiodarone with lidocaine, when
the retrospective designed study with high risk of bias was
excluded, only one randomized blinded trial was included,
and no significant difference was found in the survival to
discharge between the two groups (RR, 1.67; 95% CI, 0.57
to 4.88), but the survival to admission was significantly
better in the amiodarone group compared with the lido-
caine group (RR, 1.90; 95% CI, 1.16 to 3.11) [19]. This was
not consistent with the totally pooled results. This result
might come from the design of two studies. In the retro-
spective designed study, no randomization and blinding
were performed, so high risk of selection bias and detec-
tion bias were considered. However, statistical heterogen-
eity (7 = 88%) and clinical heterogeneity (the retrospective
designed study enrolled IHCA patients) were found.

Discussion
In our review, we included all adult nontraumatic patients.
The included studies were all conducted in urban or

suburban settings, and the medical treatment was
performed by European/American/Asian EMS systems or
EDs, respectively. The CPR treatment during ALS was
according to AHA or ERC guidelines published in 2000 or
before. The majority of participants’ rhythms were presen-
ted as VF/VT.

In the comparison of magnesium versus placebo, four
studies with good methodologic quality were included
[13-16], and no significant differences could be found in
ROSC, survival to admission, and survival to hospital
discharge between the two treatments. In subgroups of
OHCA and IHCA patients, no significant differences
were found in all outcomes. Although two trials
included few patients with other rhythms, we did not
perform subgroup analysis for these rhythms because of
such small sample size [15,16]. Thus, our results demon-
strate that magnesium has no significant benefits when
used for CPR, for either OHCA or IHCA.

In the assessments of the effects of amiodarone, no
improvement of survival to admission was found in
ROSC, survival to admission, and survival to hospital
discharge when treated with amiodarone according to the
pooled results. But when excluding a retrospective obser-
vational study, one randomized trial that had enrolled 504
patients and was considered to have good quality showed
that amiodarone had improved the survival to admission
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ROSC: return of spontaneous circulation.
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Figure 7 Comparison of nifekalant versus lidocaine. (A) ROSC. (B) Survival to hospital admission/24 hours. (C) Survival to hospital discharge.
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but not the survival to discharge, compared with placebo
[11]. All high statistical (* = 86%), methodologic, and clin-
ical heterogeneity was concerned between the two studies
included in the synthesis. The heterogeneity derived from
the retrospective study with high risk of bias [12], and in
this study, the prehospital condition was more severe in
the amiodarone group [20]. So the pooled results of
survival to admission must be interpreted with caution.
According to the high-quality study [11], amiodarone is
still likely to be beneficial to initial resuscitation,
although the effect size is rather small (RR, 1.27; 95% CI,
1.02 to 1.59).

We also identified two studies that had compared
amiodarone with lidocaine. The pooled results showed
that no significant differences could be found in the
survival to hospital discharge and survival to admission/
24 hours between the two study groups. However, one
good-quality study indicated that amiodarone was super-
jor to lidocaine in initial resuscitation (evaluated by the
survival to admission) [19]. This was inconsistent with the
results reported from the other retrospective designed
study and also the pooled result [20]. According to sen-
sitivity analysis, the pooled results did not seem to be

robust. However, the retrospective observational study
included THCA patients, whereas the RCT included
OHCA patients, and it was considered to be with high risk
of bias. Moreover, in the observational study, amiodarone
was administered later than lidocaine, and it was not
administered with the recommended doses to all the
patients. So it is suggested that the reduced demonstrated
effects of amiodarone on survival to 24 hours in this study
is due to such clinical heterogeneity. Significant statistical
heterogeneity (I° = 88%) was also considered between
these two studies. Thus, in the comparison of amiodarone
with lidocaine, the pooled result of the survival to admis-
sion still must be interpreted with caution. We generally
suggest the use of amiodarone instead of lidocaine,
according to the findings of the randomized trial.

Two studies with high risk of bias compared lidocaine
with placebo [17,18], and showed that no significant
differences were found in those alive at discharge
between the two groups. Although it is indicated that
lidocaine has the potential to improve initial resuscita-
tion compared with placebo, the quality of evidence is
low, and we suggest that the replacement of lidocaine
with amiodarone in clinical use seems to be appropriate.
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Moreover, we suggest that the new potassium-channel
blockers might have the potential to be used during
CPR. However, after our literature search, no more trials
were identified, except for four trials that focused on the
effects of nifekalant, and they were all conducted in
Japan [21-24]. The pooled results of three low-quality
trials indicated that nifekalant was superior to lidocaine in
initial resuscitation but not in the survival outcomes
[22-24]. By contrast, a randomized trial with small sample
size showed that nifekalant was inferior to amiodarone in
either initial resuscitation or survival outcomes [21]. Thus,
no present evidence can support the use of such
potassium-channel blocker instead of amiodarone. Al-
though nifekalant may be superior to lidocaine in initial
resuscitation, considering the low quality of evidence, it is
still hard to suggest the use of nifekalant.

Some studies focused on the use of bretylium and
sotalol, but the very limited data showed no benefits of
the two drugs.

Above all, all antiarrhythmic drugs were not shown to
be significantly beneficial for cardiac arrest. However,
because many variables might affect the practice of
resuscitation, such as the cause of arrest, the response
interval of the EMS system, the chest-compression frac-
tion, the quality of CPR, and postresuscitation treatment.
Thus, regarding these issues, the retrospective design of
a study might bring high risk of overall bias through the
study, including allocation, performing, and detection
bias. All of these might have the potential to affect the
demonstration of treatment effect. Therefore, according
to the high-quality studies [11,19], it is suggested that
amiodarone still seems to be superior to placebo (RR,
1.27; 95% CI, 1.02 to 1.59) and lidocaine (RR, 1.90; 95%
CI, 1.16 to 3.11) for improving initial resuscitation
assessed by the survival to admission, although the effect
sizes are not big.

For the lack of data, we only performed subgroup
analysis according to OHCA and IHCA in the compari-
son of magnesium with placebo and amiodarone with
lidocaine. Similar results were found in both subgroups
in the comparison of magnesium with placebo for all
outcomes. Although in the comparison of amiodarone
with lidocaine, the results were not consistent in the two
subgroups in the analysis of initial resuscitation, this
inconsistence might derive from the nonrandomization
of the observational study.

Limitations in our review include that little evidence
can be found after searching the literature. In the sub-
groups of amiodarone versus placebo, amiodarone ver-
sus lidocaine, and nifekalant versus amiodarone, only
one or two controlled trials could be found. In total, 433
patients were included in the pooled results of the
subgroup of magnesium versus placebo. Therefore, the
results derived from present literature were rather
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underpowered to appraise certain ideas according to the
sample sizes.

The second limitation is related to the methodologic
quality of individual evidence. Many of the included
studies were observational cohort studies, and especially,
retrospective design. We suggest that adequate randomi-
zation and blinding of the rescuers is important to
reduce the allocation, performing, and detection bias in
clinical practice of CPR; thus, high risk of bias might be
considered for these individual observational studies.

The third limitation is related to the heterogeneity,
especially clinical heterogeneity, which is an inherent
problem in data synthesis. The emergency settings in the
rescuing from cardiac arrest bring particular difficulties
of access to the expected homogeneity in clinical studies.
The reviewed studies included patients with varied base-
line characteristics (such as the settings of collapse, basic
diagnosis, bystander CPR, CPR protocols performed by
professional rescuers, and different regimens of antiar-
rhythmics and postresuscitation care, such as hypother-
mia). Although no significant difference was found in
baseline characters between the study groups, all these
variables lead to clinical heterogeneity. Significant statis-
tical heterogeneity was found according to the x2 test
and F statistic in subgroups. These encouraged us to use
a random-effect model.

So according to these issues, the pooled results of the
data from current evidence still need to be interpreted
with caution. We assessed the data according to sub-
groups of OHCA and IHCA, but conversely, the sample
size is rather weakened.

Our review provides some implications. To our know-
ledge, lack of evidence focused on medications during
CPR can be found. No antiarrhythmia agents have been
demonstrated to improve the survival of cardiac-arrest
patients. According to studies of high quality, only
amiodarone seems to be beneficial in the improvement
of initial resuscitation, although the strength of existing
evidence is not robust enough, according to the sample
size. Our review supports the summarization of the
effects of antiarrhythmics and the recommendation of
medication strategies in the AHA 2010 guidelines [5,6],
and we suggest the use of amiodarone in patients with
refractory VF/pulseless VT. A previous review provided
a similar implication. Compared with the review, we
performed a more up-to-date literature search; we also
used an optimized tool to assess the quality of evidence,
and we synthesized data by meta-analysis.

According to the review, a major issue of research in
resuscitation drugs is the lack of clinical data. It is im-
portant to develop randomized prospective studies with
large sample sizes to assess the effects of antiarrhythmia
agents during CPR. According to our review, nonrando-
mization and nonblinding design seem to bring a high
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risk of selection bias and performing bias, which might
affect the study results. Larabee et al. [28] suggested that
developing prospective regional/national systems for
analysis of cardiac arrest outcomes would be help to
capture an appropriate sample size to examine the medi-
cations and intended outcomes.

We suggest that it is important for the articles to
report details about the randomization or blinding
methods (such as allocation concealment) in resuscita-
tion studies, because in the research into resuscitation,
the details of randomization and blinding are important
in the assessment of the quality of evidence. Additionally,
no new drugs seem to be valuable in resuscitation
currently. Studies have not applied new antiarrhythmics to
resuscitation, such as other potassium-channel blockers,
but it is possible that these agents (such as ibutilide,
dofetilide) may have the potential to be used during CPR,
according to the pharmacologic mechanisms. Further
studies focusing on these agents might also be expected.

Conclusions

In summary, no current drugs have been shown to improve
the survival in cardiac-arrest patients. Only amiodarone
may improve initial resuscitation, and no new drugs can be
recommended currently. A major issue in resuscitation
research is that relevant studies focused on resuscitation
drugs are very limited, especially high-quality studies.

Key messages

e An up-to-date systemic review and meta-analysis
have found that according to present literature, only
limited data about the use of antiarrhythmic drugs for
cardiac arrest can be found, and the quality of
evidence is rather low. No antiarrhythmic drugs have
been shown to improve the survival of cardiac-arrest
patients, and only amiodarone is suggested to be used
for improving initial resuscitation by our review.

e More clinical studies focused on resuscitation drugs
are expected and warranted, especially studies with
good quality and focused on new types of
antiarrhythmic drugs.

Abbreviations

ACLS: Advanced cardiac life support; AHA: American Heart Association;

Cl: Confidence interval; CPC: Cerebral performance category; EMS: Emergency
medical service; IHCA: In-hospital cardiac arrest; ILCOR: International Liaison
Committee on Resuscitation; OHCA: Out-of-hospital cardiac arrest;

RCT: Randomized controlled trial; ROSC: Return of spontaneous circulation;
RR: Risk ratio; SCA: Sudden cardiac arrest; VF: Ventricular fibrillation;

VT: Ventricular tachycardia.

Competing interests

We received funding support from National Natural Science Foundation of
China (NSFC) 81071539. The authors declare that they have no competing
interests.

Page 14 of 15

Authors’ contributions

YH and QH were responsible for study concept and design. YH acquired the
data. YH, MY, LZ, and QH analyzed and interpreted the data. YH and QH
performed statistical analysis. YH drafted the manuscript. QH was responsible
for the revision of the manuscript for important intellectual content. QH
supervised the study. YH, MY, LZ, and QH read and approved the manuscript
for submission.

Authors’ information
Yu Huang and Qing He are co-first authors.

Author details

"The Third People’s Hospital of Chengdu, The Second Affiliated Hospital of
Chengdu, Chongging Medical University, Chengdu, China. *Department of
Respiratory Disease, West China Hospital of Sichuan University, Chengdu,
China. *Department of Intensive Care Unit, The Second Hospital of Anhui
Medical University, Anhui, China. “Emergency Department of West China
Hospital of Sichuan University, Chengdu 610041, China.

Received: 6 January 2013 Accepted: 19 July 2013
Published: 12 August 2013

References

1. Thom T, Haase N, Rosamond W, Howard VJ, Rumsfeld J, Manolio T, Zheng
7], Flegal K, O'Donnell C, Kittner S, Lloyd-Jones D, Goff DC Jr, Hong Y,
Adams R, Friday G, Furie K, Gorelick P, Kissela B, Marler J, Meigs J, Roger V,
Sidney S, Sorlie P, Steinberger J, Wasserthiel-Smoller S, Wilson M, Wolf P,
American Heart Association Statistics Committee and Stroke Statistics
Subcommittee: Heart disease and stroke statistics 2006 update: a report
from the American Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Circulation 2006, 113:e85-e151.

2. Vaillancourt C, Stiell IG: Cardiac arrest care and emergency medical
services in Canada. Can J Cardiol 2004, 20:1081-1090.

3. Atwood C, Eisenberg MS, Herlitz J, Rea TD: Incidence of EMS-treated
out-of hospital cardiac arrest in Europe. Resuscitation 2005, 67:75-80.

4. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP,

Rea T, Lowe R, Brown T, Dreyer J, Davis D, Idris A, Stiell |, Resuscitation
Outcomes Consortium Investigators: Regional variation in out-of-hospital
cardiac arrest incidence and outcome. JAMA 2008, 300:1423-1431.

5. Deakin CD, Nolan JP, Soar J, Sunde K, Koster RW, Smith GB, Perkins GD:
European Resuscitation Council guidelines for resuscitation, Section 4:
adult advanced life support. Resuscitation 2010, 2010(81):1305-1352.

6. Neumar RW, Otto CW, Link MS, Kronick SL, Shuster M, Callaway CW,
Kudenchuk PJ, Ornato JP, McNally B, Silvers SM, Passman RS, White RD,
Hess EP, Tang W, Davis D, Sinz E, Morrison LJ: Part 8: Adult advanced
cardiovascular life support, American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation 2010, 2010(122):5729-S767.

7. Camm AJ, Lip GY, Caterina DR, Savelieva |, Atar D, Hohnloser SH, Hindricks
G, Kirchhof P, Bax JJ, Baumgartner H, Ceconi C, Dean V, Deaton C, Fagard R,
Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J, Kolh P, McDonagh
T, Moulin C, Popescu BA, Reiner Z, Sechtem U, Sires PA, Tendera M,
Torbicki A, Vahanian A, Windecker S, et al: 2012 focused update of the ESC
Guidelines for the management of atrial fibrillation. Fur Heart J 2012,
33:2623-2630.

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

9. YusuS, lkeda 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 ventricular tachyarrhythmias complicating acute
coronary syndrome. Circ J 2009, 73:2021-2028.

10.  Higgins JPT, Altman DG, Sterne JAC: Assessing risk of bias in included
studies. In Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0 (updated March 2011). Edited by Higgins JPT, Green S. The Cochrane
Collaboration; 2011. Available from www.cochrane-handbook.org.

11. Kudenchuk PJ, Cobb LA, Copass MK, Cummins RO, Doherty AM,
Fahrenbruch CE, Hallstrom AP, Murray WA, Olsufka M, Walsh T: Amiodarone
for resuscitation after out-of-hospital cardiac arrest due to ventricular
fibrillation. N Engl J Med 1999, 341:871-878.


http://www.cochrane-handbook.org

Huang et al. Critical Care 2013, 17:R173
http://ccforum.com/content/17/4/R173

20.

21.

22.

23.

24.

25.

26.

27.

28.

Skrifvars MB, Kuisma M, Boyd J, Maattd T, Repo J, Rosenberg PH, Castren M:
The use of undiluted amiodarone in the management of out-of-hospital
cardiac arrest. Acta Anaesthesiol Scand 2004, 48:582-587.

Hassan TB, Jagger C, Barnett DB: A randomised trial to investigate the
efficacy of magnesium sulphate for refractory ventricular fibrillation.
Emerg Med J 2002, 19:57-62.

Allegra J, Lavery R, Cody R, Birnbaum G, Brennan J, Hartman A, Horowitz M,
Nashed A, Yablonski M: Magnesium sulfate in the treatment of refractory
ventricular fibrillation in the prehospital setting. Resuscitation 2001,
49:245-249.

Fatovich D, Prentice D, Dobb G: Magnesium in in-hospital cardiac arrest
(the MAGIC trial). Resuscitation 1997, 35:237-241.

Thel MC, Armstrong AL, McNulty SE, Califf RM, O'Connor CM: Randomised
trial of magnesium in in-hospital cardiac arrest: Duke Internal Medicine
Housestaff. Lancet 1997, 350:1272-1276.

Harrison EE: Lidocaine in prehospital countershock refractory ventricular
fibrillation. Ann Emerg Med 1981, 10:420-423.

Herlitz J, Ekstrom L, Wennerblom B, Axelsson A, Bang A, Lindkvist J:
Lidocaine in out-of-hospital ventricular fibrillation: does it improve
survival? Resuscitation 1997, 33:199-205.

Dorian P, Cass D, Schwartz B, Cooper R, Gelaznikas R, Barr A: Amiodarone
as compared with lidocaine for shock-resistant ventricular fibrillation.

N Engl J Med 2002, 346:884-890.

Rea RS, Kane-Gill SL, Rudis M, Seybert AL, Oyen LJ, Ou NN: Comparing
intravenous amiodarone or lidocaine, or both, outcomes for inpatients
with pulseless ventricular arrhythmias. Crit Care Med 2006, 34:1617-1623.
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 |, Tanabe T: Comparative study of nifekalant versus amiodarone
for shock-resistant ventricular fibrillation in out-of-hospital
cardiopulmonary arrest patients. J Card Pharmacol 2010, 55:391-398.
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 tachycardia. Resuscitation 2010, 81:47-52.

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 J 2006, 70:442-446.

Igarashi M, Fujino T, Toyoda M, Sugino K, Sasao K, Sasamoto S, Otsuka T,
Kobayashi K, Okano Y, Yosiwara K, Koyama N: Defibrillation effects of
intravenous nifekalant in patients with out-of-hospital ventricular
fibrillation. Pac Clin Elec 2005, 28:5155-5157.

Olson DW, Thompson BM, Darin JC, Milbrath MH: A randomized
comparison study of bretylium tosylate and lidocaine in resuscitation of
patients from out-of-hospital ventricular fibrillation in a paramedic
system. Ann Emerg Med 1984, 13:807-810.

Nowak RM, Bodnar TJ, Dronen S, Gentzkow G, Tomlanovich MC: Bretylium
tosylate as initial treatment for cardiopulmonary arrest: randomized
comparison with placebo. Ann Emerg Med 1981, 10:404-407.

Kovoor P, Love A, Hall J, Kruit R, Sadick N, Ho D, Adelstein BA, Ross DL:
Randomized double-blind trial of sotalol versus lignocaine in out-of
-hospital refractory cardiac arrest due to ventricular tachyarrhythmia.
Intern Med J 2005, 35:518-525.

Larabee TM, Liu KY, Campbell JA, Little CM: Vasopressors in cardiac arrest:
a systematic review. Resuscitation 2012, 83:932-939.

doi:10.1186/cc12852
Cite this article as: Huang et al: Antiarrhythmia drugs for cardiac arrest:
a systemic review and meta-analysis. Critical Care 2013 17:R173.

Page 15 of 15

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study eligibility
	Data sources
	Study selection and data extraction

	Quality assessment of included studies
	Synthesis of results
	Subgroup analysis
	Sensitivity analysis


	Results
	Antiarrhythmia agents versus placebo
	Amiodarone versus lidocaine
	Nifekalant versus amiodarone/lidocaine
	Others
	Subgroup analysis
	Sensitivity analysis


	Discussion
	Conclusions
	Key messages
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


