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Abstract

Background: Out-of-hospital cardiac arrest (OHCA) with shockable rhythms, including ventricular fibrillation and
pulseless ventricular tachycardia, is associated with better prognosis and neurological outcome than OHCA due to
other rhythms. Antiarrhythmic drugs, including lidocaine and amiodarone, are often used for defibrillation. This study
aimed to compare the effects of lidocaine and amiodarone on the prognosis and neurological outcome of patients
with OHCA due to shockable rhythms in a real-world setting.

Methods: We conducted a retrospective observational study using a multicenter OHCA registry of 91 participating
hospitals in Japan. We included adult patients with shockable rhythms, such as ventricular fibrillation and pulseless
ventricular tachycardia, who were administered either lidocaine or amiodarone. The primary outcome was 30-day
survival, and the secondary outcome was a good neurological outcome at 30days. We compared the effects of lido-
caine and amiodarone for patients with OHCA due to shockable rhythms for these outcomes using logistic regression
analysis after propensity score matching (PSM).

Results: Of the 51,199 patients registered in the OHCA registry, 1970 patients were analyzed. In total, 105 patients
(5.3%) were administered lidocaine, and 1865 (94.7%) were administered amiodarone. After performing PSM with ami-
odarone used as the reference, the odds ratios and 95% confidence intervals of lidocaine use for 30-day survival and
30-day good neurological outcome were 1.44 (0.58-3.61) and 1.77 (0.59-5.29), respectively.

Conclusion: The use of lidocaine and amiodarone for patients with OHCA due to shockable rhythms within a real-
world setting showed no significant differences in short-term mortality or neurological outcome. There is no evidence
that either amiodarone or lidocaine is superior in treatment; thus, either or both drugs could be administered.
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Shockable rhythms, including ventricular fibrillation
(VF) and pulseless ventricular tachycardia (VT), account
for approximately 20-30% of OHCA occurrences [4].
OHCA with shockable rhythms is associated with a bet-
ter prognosis than OHCA due to other rhythms; for
example, OHCA with shockable rhythms is associated
with an approximately 30% 30-day survival rate [5, 6].
Although the data are based on patients with in-hospital
cardiac arrest, a previous study found that patients with
shockable rhythms may also experience better neuro-
logical recovery (i.e., a neurological recovery of approxi-
mately 50%) than those with non-shockable rhythms [7].
However, long durations of recurrent VF or pulseless VT
may lead to poor mortality and neurological outcomes
[8, 9]. Therefore, early defibrillation is important for the
effective treatment of OHCA with shockable rhythms.

Treatments for VF and pulseless VT include electrical
defibrillation and antiarrhythmic drugs. Antiarrhyth-
mic drugs are often used because electrical defibrillation
alone often does not restore sustained circulation [10].
These drugs are differentially prescribed according to
the patient’s pathophysiology [11]. Among these drugs,
lidocaine and amiodarone are commonly used and are
strongly recommended in the guidelines [11-13]. Ami-
odarone has multiple effects, including [-blockage and
blockade of depolarizing sodium currents and potassium
channels; these actions may be more effective at inhibit-
ing or terminating arrhythmia by influencing automa-
ticity and re-entry compared to other antiarrhythmic
drugs with a single mechanism [11]. The latest Ameri-
can Heart Association (AHA) and European Resuscita-
tion Council (ERC) guidelines revised recommendations
about amiodarone and lidocaine use for VF and pulseless
VT according to the results of a previous randomized
control trial (RCT) published in 2016 [12-14]. This
RCT compared the use of amiodarone and lidocaine in
patients with non-traumatic cardiac arrest with shock-
able rhythms and reported no significant differences in
mortality and neurological outcomes between the two
groups [14]. Based on recent studies and revised guide-
lines, it is likely that the real-world use of antiarrhythmic
drugs, including lidocaine and amiodarone, may have
changed in recent years [12—14]. However, to the best of
our knowledge, there are no studies comparing lidocaine
and amiodarone for patients with OHCA due to shock-
able rhythms in real-world data.

Therefore, it is necessary to compare lidocaine and
amiodarone by evaluating clinical outcomes in patients
with OHCA due to VF and pulseless VT within a real-
world setting. The results of a comparative evaluation of
the effects of lidocaine and amiodarone on mortality and
neurological outcomes in a real-world setting may have
significant implications for verifying external validity in
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populations other than the ideal populations evaluated
within the RCT [14]. Therefore, this study aimed to com-
pare the effects of lidocaine and amiodarone on survival
and neurological outcomes in a real-world setting.

Methods

Study design

We conducted a multicenter, retrospective observational
study using the OHCA registry administered by the Jap-
anese Association for Acute Medicine (JAAM). More
specifically, this is a registry of patients with OHCA who
were transported to 91 hospitals in Japan between June 1,
2014, and December 31, 2019. This registry collects pre-
hospital and post-hospital information on patients with
OHCA in Japan. Pre-hospital information was collected
from the All-Japan Utstein Registry of the Fire and Disas-
ter Management Agency; the details of this registry were
reported in 2010 [15]. Post-hospitalization information
was collected by medical personnel, including physicians,
at each institution. Pre-hospital and post-hospital infor-
mation is registered in a web-based system. Information
on extraction factors is not stripped or concealed as the
physicians supervising study implementation collect
these data at each center, and the outcome assessors are
not blinded.

Approval for the collection of JAAM-OHCA informa-
tion was obtained from the ethics committee at each par-
ticipating hospital. Approval for conducting this study
(i.e., secondary analysis) was obtained from the ethics
committee of the Jichi Medical University Saitama Medi-
cal Centre (approval number: S19-016).

Since no interventions that deviated from general car-
diopulmonary resuscitation (CPR) practices were per-
formed for the patients with OHCA evaluated in the
current registry-based study, the typical requirement
for informed consent was waived by the ethics review
committee of each participating institution. However,
together with other institutions, we provided an opt-out
procedure on the website of the department of emer-
gency medicine of Jichi Medical University Saitama Med-
ical Centre.

This study was conducted according to the guide-
lines specified within the STrengthening the Reporting
of OBservational studies in Epidemiology (STROBE)
statement as well as the principles of the Declaration
of Helsinki and its later amendments (e-Table 1 in
Additional file 1) [16].

Participants

This study included all patients who met the follow-
ing criteria: 1) patients with OHCA and 2) patients for
whom resuscitation was performed by emergency medi-
cal services (EMS) personnel. We included patients
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who received amiodarone or lidocaine during resuscita-
tion; we attributed lidocaine or amiodarone use to the
presence of VF or pulseless VT. Exclusion criteria were
as follows: 1) cause of OHCA was not cardiogenic, 2)
<18years of age, 3) both lidocaine and amiodarone were
administered during resuscitation, 4) neither lidocaine
nor amiodarone was administered during resuscita-
tion, 5) uncertainty about patient’s use of lidocaine and
amiodarone, and 6) missing outcomes for the primary
and secondary endpoints described below. We did not
exclude based on initial rhythm at cardiac arrest.

Data collection
The following data were collected: age, sex, transpor-
tation by vehicular or air ambulance with a physician
present, witness status (none, EMS personnel, others),
bystander CPR, the initial monitored cardiac rhythm
(VE, pulseless VT, pulseless electrical activity [PEA],
asystole, other), the cause of cardiac arrest (cardiogenic,
presumed cardiogenic), the presence of shock delivery,
administration of adrenaline, antiarrhythmic drug use
(amiodarone, lidocaine, nifekalant, magnesium), the time
from the emergency call to EMS contact, the time from
the emergency call to physician contact, the time from
the emergency call to the return of spontaneous circula-
tion (ROSC), the use of extracorporeal membrane oxy-
genation (ECMO), intra-aortic balloon pumping (IABP),
percutaneous coronary intervention (PCI), targeted tem-
perature management (TTM), 30-day survival, and cer-
ebral performance category (CPC) [17].

The data collection was unmasked as the physicians in
charge of this investigation collected the data individu-
ally, and the outcome assessors were unblinded.

Outcome measures

The primary outcome evaluated in this study was 30-day
survival. The secondary outcome was a good neurologi-
cal outcome 30days after cardiac arrest. A good neuro-
logical outcome was defined as a CPC score of 1 or 2 [17].
These outcomes were decided upon referring to a previ-
ous study [14].

Statistical analyses

Continuous variables are described using medians and
interquartile ranges (IQR), and categorical variables
are described using absolute counts and percentages
(%). The Markov chain Monte Carlo method for mul-
tiple imputation was used to complement the missing
data concerning explanatory variables used in calculat-
ing the propensity score and in the logistic regression
analyses described below. Confidence intervals (CI) were
estimated based on five datasets generated by multiple
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imputation. The enrolled patients were followed up for
30days after cardiac arrest.

First, to compare lidocaine and amiodarone in patients
with OHCA due to shockable rhythms, propensity score
matching (PSM) was used to adjust for multiple con-
founding factors. The presence of lidocaine administra-
tion was used as a response variable for calculating the
propensity scores. The following explanatory variables
(i.e., variables that could influence the response variable)
were identified based on previous studies [18]: age, sex,
transportation by road or air ambulance with a physician
present, witness status (none, EMS personnel, others),
bystander CPR, the initial cardiac rhythm monitored
(VE, pulseless VT, PEA, asystole, other), the cause of car-
diac arrest (cardiogenic, presumed cardiogenic), the time
from the emergency call to EMS personnel contact, and
the time from the emergency call to physician contact.
After calculating the propensity score, we confirmed
that there was sufficient overlap in the distribution of the
propensity scores (PSs) in the two groups with regard to
lidocaine administration. For performing PSM, lidocaine
and amiodarone were matched in a 1:3 ratio, and the cali-
per width was set to 20% of the standard deviation of the
PS. After PSM, we confirmed that the confounding fac-
tors relevant to both groups were balanced using stand-
ardized differences. A value of 0.1 was used as the cut-off
value of standardized differences [19].

Second, logistic regression analysis was conducted to
adjust for other confounding factors not used for calcu-
lating the propensity score. We evaluated 30-day survival
and good neurological outcomes 30days after cardiac
arrest as the primary response variables. The following
explanatory variables (i.e., variables that could poten-
tially influence these response variables) were identified
based on the findings of a previous study [18]: adminis-
tration of magnesium, nifekalant, or adrenaline; under-
going shock delivery; and use of ECMO, IABP, PCI, or
TTM. Effect estimates were described using odds ratio
(OR) and 95% CI.

EZR (version 1.38) and R statistical software (version
3.5.2) (The R Project for Statistical Computing, Vienna,
Austria), as well as SPSS statistical software (version 26,
IBM, Armonk, NY, USA), were used to conduct the pre-
sent analysis. A two-sided p-value of <0.05 was consid-
ered the threshold for statistical significance.

Results

Of 51,199 patients registered to the OHCA registry, we
analyzed data of 1970 patients who were administered
only lidocaine or amiodarone (Fig. 1). The reasons
for exclusion were as follows: 18,696 patients for the
cause of OHCA being non-cardiogenic, 1064 patients
for being < 18years of age, 141 patients for whom both
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All enrolled patients (n = 51,199)

Excluded patients (n = 49,229)
Cause of OHCA was non-cardiogenic (n = 18,696)
<18 years of age (n = 1,064)

Analyzed patients (n = 1,970)

Both lidocaine and amiodarone were administered (n = 141)
Neither lidocaine nor amiodarone were administered (n = 47,375)
Uncertain about using lidocaine or amiodarone (n = 1,425)

Lidocaine was administered (n = 105)

Amiodarone was administered (n = 1,865)

Fig. 1 Flowchart depicting the screening and enrolment process within this study. OHCA, out-of-hospital cardiac arrest

lidocaine and amiodarone were administered, 47,375
patients for whom neither lidocaine nor amiodar-
one was administered, and 1425 patients for whom
there was uncertainty about their use of lidocaine or
amiodarone.

Patient characteristics are shown in Table 1. Over-
all, the median age (IQR) was 66 (55-75) years, and
1606 patients (81.5%) were male; 811 patients (41.2%)
had their cardiac arrest witnessed by EMS personnel,
whereas 625 patients (31.7%) had their cardiac arrest
witnessed by others. Moreover, 946 patients (48.0%)
underwent bystander-initiated CPR; 1209 patients
(61.4%) had VF as their initial monitored cardiac
rhythm, whereas 12 patients (0.6%) presented with
pulseless VT, and 305 patients (15.5%) presented with
PEA. Also, 18,500 patients (95.0%) experienced shock
delivery; 105 patients (5.3%) were administered lido-
caine, and 1865 patients (94.7%) were administered
amiodarone. The median time from the emergency
call to EMS contact was 8 (6—10) min, the median time
from the emergency call to physician contact was 31
(25-38) min, and the median time from the emergency
call to ROSC was 43 (27-62) min; 475 patients (24.1%)
had survived as of 30 days after cardiac arrest, and 262
patients (13.3%) had good 30-day neurological out-
comes. Missing data are described in Table 2.

After performing PSM (i.e., before multiple impu-
tation), the standardized differences of the variables
used in the PSM were all <0.1 (Table 1). After per-
forming multiple imputation and logistic regression
analysis, the ORs and 95% ClIs concerning the use of
lidocaine in evaluating 30-day survival and good neu-
rological outcomes were 1.44 (0.58-3.61) and 1.77
(0.59-5.29), respectively (Table 3).

Discussion

In our study, only 5.3% of patients with OHCA due
to shockable rhythms were administered lidocaine,
whereas 94.7% were administered amiodarone. There
were no significant differences in both 30-day sur-
vival or good neurological outcomes between the two
groups.

The group of patients administered lidocaine was
smaller than amiodarone since a limited amount of
time had passed from the results of the aforemen-
tioned RCT, published in 2016 [14]. The data registra-
tion period of the JAAM-OHCA registry was between
June 1, 2014, and December 31, 2019, and it was only
approximately three years from the publication of RCT
to the end of the registration period [14]. In general,
RCTs need to be carefully validated for external valid-
ity, and this recognition is spreading worldwide [20].
Therefore, time might be needed to validate the exter-
nal validity of the RCT before applying the results to
real-world clinical practice, and approximately three
years might be too short to validate and use the RCT
results.

The findings of our study are similar to those of the
aforementioned RCT, comparing lidocaine and ami-
odarone use in patients with OHCA [14]. There is a
possible reason for the lack of significant differences
between the lidocaine and amiodarone groups in this
study. The characteristics of patients in our study were
not appropriate for detecting differences between
lidocaine and amiodarone use. More specifically,
after matching, almost 50% of patients’ initial cardiac
rhythms were identified as asystole or PEA, and almost
85% of patients’ causes of cardiac arrest were presumed
to be of cardiac origin. Since the cause of arrhythmia
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Table 2 Number of missing data of the characteristics of analyzed patients

Variables, n (%) Overall (n=1970) Lidocaine (n=105) Amiodarone
(n=1865)

Cause of cardiac arrest 679 (34.5) 39 (37.1) 640 (34.3)

Presence of shock delivery 22(1.0) 5(4.8) 17 (0.9)

Administration of adrenaline 3(0.2) 0(0) 3(0.2)

Administration of magnesium 11(0.6) 2(1.9) 9(0.5)

Time from call to physician contact 9(0.5) 0(0) 9(0.5)

Time from call to ROSC 709 (36.0) 35(33.3) 674 (36.1)

Data are presented as numbers (proportions)

Abbreviation: ROSC Return of Spontaneous Circulation

was not cardiogenic, we suggest that the evaluated
antiarrhythmic drugs might not be sufficiently effec-
tive for this population. If a more accurate extraction
method for patients with OHCA due to cardiogenic
causes is devised in the future, and if future studies are
conducted using such an extraction method, different
results may be obtained.

Our study is novel in that, although patients’ respec-
tive characteristics and outcomes were found to be
similar to those reported within a previous RCT, our
study verified the external validity of these prior find-
ings through confirmation in a real-world setting [14].
According to our findings, as well as those of the prior
RCT, there is no evidence that either amiodarone or
lidocaine is superior in the treatment of patients with
OHCA due to shockable rhythms; thus, either or both
drugs could be administered in treating this condition.

However, we acknowledge several limitations of our
study. First, the characteristics of the eligible patients
might be inappropriate for evaluating the effects of
antiarrhythmic drugs. In the JAAM-OHCA regis-
try, the cause of cardiac arrest (cardiogenic or non-
cardiogenic) is often recorded soon after arrival at
the hospital and before a definitive diagnosis is made.
In addition, there were no data on changes in cardiac
rhythm during transport and after arrival at the hospi-
tal. In our study, approximately 30% of initial cardiac

rhythms were PEA or asystole. Unfortunately, detailed
rhythm changes information for these patients were
not available. Therefore, our study could not accurately
identify a group of patients for whom antiarrhythmic
drugs are effective, and we might not have detected dif-
ferences. However, in actual clinical practice, antiar-
rhythmic drugs are used even when the cardiac arrest
cause is unknown or when cardiac rhythm changes
from non-shockable rhythm to VF or pulseless VT, and
the analysis of our study was performed under actual
clinical practice.

Second, the 95% Cls obtained in our study were
wide and imprecise, and the logistic regression results
might be unreliable. In our study, only 5.3% of patients
were administered lidocaine, and few patients could be
included in multivariate-adjusted analyses. Therefore,
the 95% CI was even wider within this subgroup, and
the validity of the analysis results decreased further as a
result.

Finally, since there were no data on the dosage, fre-
quency, and timing of the administration of either ami-
odarone or lidocaine in this registry, higher doses of
antiarrhythmic drugs are generally expected to have
greater antiarrhythmic effects and might therefore be
expected to affect clinical outcomes. Furthermore, the
time from onset of arrhythmia or ROSC to drug adminis-
tration might also be a confounding factor.

Table 3 Odds ratio for lidocaine or amiodarone use in patients with OHCA

Propensity score matching

Odds ratio 95% Cl (lower) 95% Cl (upper)
30-day survival Amiodarone Reference
Lidocaine 144 0.58 361
30-day good neurologjical Amiodarone Reference
outcome? Lidocaine 177 059 529

Abbreviations: Cl Confidence Interval; CPC Cerebral Performance Category; OHCA Out-of-Hospital Cardiac Arrest

2 A good neurological outcome was defined as a CPC score of 1 or 2
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Conclusions

Our study showed no significant differences between
lidocaine and amiodarone use in patients with OHCA
due to shockable rhythms for 30-day survival or 30-day
neurological outcomes within a real-world setting.
Although this result needs to be evaluated more compre-
hensively within future highly powered investigations,
there is no evidence that either amiodarone or lidocaine
is superior in the treatment of patients with OHCA due
to shockable rhythms, and thus, either or both drugs
could be administered for the treatment.

Abbreviations

AHA: American Heart Association; Cl: Confidence Interval; CPC: Cerebral
Performance Category; CPR: Cardiopulmonary Resuscitation; ECMO: Extra-
corporeal Membrane Oxygenation; EMS: Emergency Medical Services; ERC:
European Resuscitation Council; IABP: Intra-Aortic Balloon Pumping; IQR:
Interquartile Range; JAAM: Japanese Association for Acute Medicine; OHCA:
Out-of-Hospital Cardiac Arrest; OR: Odds Ratio; PCl: Percutaneous Coronary
Intervention; PEA: Pulseless Electrical Activity; PSM: Propensity Score Matching;
PS: Propensity Score; RCT: Randomized Control Trial; ROSC: Return of Sponta-
neous Circulation; SD: Standardized Difference; STROBE: STrengthening the
Reporting of OBservational studies in Epidemiology; TTM: Targeted Tempera-
ture Management; VF: Ventricular Fibrillation; VT: Ventricular Tachycardia.
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