
R E S U S C I T A T I O N 2 0 8 ( 2 0 2 5 ) 1 1 0 5 1 5
Available online at ScienceDirect

Resuscitation
journal homepage: www.elsevier.com/locate/resuscitation
Original paper
A retrospective ‘target trial emulation’ comparing

amiodarone and lidocaine for adult out-of-hospital

cardiac arrest resuscitation
https://doi.org/10.1016/j.resuscitation.2025.110515

Received 5 December 2024; Received in Revised form 15 January 2025; Accepted 16 January 2025

0300-9572/� 2025 Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar technologies.

* Corresponding author at: 64 Medical Center Drive, Morgantown, WV 26506, United States.

E-mail address: tts00004@mix.wvu.edu (T. Smida).
Tanner Smida a,*, Remle Crowe b, Bradley S. Price c, James Scheidler d, P.S. Martin d,

Michael Shukis d, James Bardes d
Abstract
Objective: The administration of amiodarone or lidocaine is recommended during the resuscitation of out-of-hospital cardiac arrest (OHCA) patients

presenting with defibrillation-refractory or recurrent ventricular fibrillation or ventricular tachycardia. Our objective was to use ‘target trial emulation’

methodology to compare the outcomes of patients who received amiodarone or lidocaine during resuscitation.

Methods: Adult, non-traumatic OHCA patients in the ESO Data Collaborative 2018–2023 datasets who experienced OHCA prior to EMS arrival,

presented with a shockable rhythm, and received amiodarone or lidocaine during resuscitation were evaluated for inclusion. We used propensity

score matching (PSM) to investigate the association between antiarrhythmic and outcomes. Return of spontaneous circulation (ROSC) was the pri-

mary outcome. Secondary outcomes included the number of post-drug defibrillations and survival to hospital discharge.

Results: After application of exclusion criteria, 23,263 patients from 1,707 EMS agencies were eligible for analysis. Prior to PSM, 6,010/20,284

(29.6%) of the patients who received amiodarone and 1,071/2,979 (35.9%) of the patients who received lidocaine achieved prehospital ROSC. Fol-

lowing PSM, lidocaine administration was associated with greater odds of prehospital ROSC (36.0 vs. 30.4%; aOR: 1.29 [1.16, 1.44], n = 2,976

matched pairs). Lidocaine administration was also associated with fewer post-drug defibrillations (median: 2 [0–4] vs. 2 [0–6], mean: 3.3 vs. 3.9,

p < 0.01, n = 2,976 pairs), and greater odds of survival to discharge (35.1 vs. 25.7%; OR: 1.54 [1.19, 2.00], n = 538 pairs).

Conclusion: Our ‘target trial emulation’ suggested that lidocaine was associated with greater odds of prehospital ROSC in comparison to amio-

darone when administered during resuscitation from shock refractory or recurrent VF/VT.

Keywords: Amiodarone, Lidocaine, Antiarrhythmic, Shockable, Ventricular fibrillation, Ventricular tachycardia, Refractory, Recurrent, M-

edication, Intravenous, Intraosseous
Introduction

Out-of-hospital cardiac arrest (OHCA) patients who present with an

initial electrocardiogram (ECG) rhythm of ventricular fibrillation or

ventricular tachycardia (VF/VT) comprise approximately 17.5% of

the EMS-treated OHCA patients in the United States, which trans-

lates to approximately 50,000 patients per year.1 Despite the favor-

able prognosis of VF/VT in comparison to other ECG rhythms,

approximately half of these patients do not achieve sustained ROSC

and only 29% survive to hospital discharge, which underscores the

need to improve the delivery of resuscitation to this patient

population.
An important subgroup of shockable OHCA patients experience

VF/VT that is recurrent or refractory to defibrillation attempts. Several

studies have suggested that 20 to 63% of patients presenting with a

shockable rhythm will require more than three defibrillation attempts

during resuscitation.2–5 For this population, the administration of

amiodarone or lidocaine is recommended by international guide-

lines.6,7 Both of these medications have been shown to improve

return of spontaneous circulation (ROSC) and survival to hospital

admission in comparison to placebo in randomized controlled tri-

als.8,9 However, these trials have not conclusively established that

either medication significantly improves survival to hospital discharge

or survival with a favorable neurological outcome.
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The largest prehospital randomized controlled trial comparing

amiodarone and lidocaine to placebo for shock-refractory OHCA

found that the group of patients who received lidocaine had a greater

prevalence of ROSC at emergency department arrival in comparison

to patients who received amiodarone, although this difference did not

achieve statistical significance at an alpha of 0.05.8 Observational

studies in both adult10 and pediatric in-hospital cardiac arrest (IHCA)

cohorts11 have suggested a similar association between lidocaine

and increased odds of achieving ROSC.

As a result of these previous studies, we aimed to use a nation-

wide prehospital dataset to explore the relationship between the

antiarrhythmic agent administered during resuscitation and the pri-

mary outcome of prehospital ROSC. As secondary aims, we

assessed the association between antiarrhythmic agent and out-

comes including the number of post-antiarrhythmic defibrillations,

survival to hospital discharge, prehospital post-ROSC bradycardia,

post-ROSC hypotension, and post-ROSC transcutaneous pacing.

Methods

Data source

We used the ESO Data Collaborative 2018–2023 annual datasets to

perform this retrospective cohort study. These datasets are com-

prised of prehospital electronic health records (EHRs) completed

by EMS clinicians from >2,000 EMS agencies across the United

States during or subsequent to patient care.12 A subset of EMS

agencies consent to having deidentified data collected for research

purposes from these EHRs. Each encounter included in the dataset

has associated data describing patient demographics, exam find-

ings, vital signs, and interventions � including the timing, route,

and dose of medications - aligned with the National EMS Information

System standard.13 Approximately 20% of transported patients have

linked hospital outcome data via a bi-directional health data

exchange. Data from EHRs are automatically included in annual

datasets without a need for any manual data abstraction. Use of

these deidentified datasets was approved by an institutional review

board (protocol 2202524583).

To minimize the influence of common sources of bias in observa-

tional data, we adhered to ‘target trial emulation’ methodology, which

is a framework intended to minimize common sources of bias in

observational research.14,15 Supplemental Table 1 describes the ‘tar-

get trial’ and our corresponding attempt at emulation.

Eligibility criteria

We assessed all adult (18–80 years of age) non-traumatic OHCA

patients with an initially shockable ECG rhythm and administration

of lidocaine or amiodarone via intravenous (IV) or intraosseous

(IO) access for inclusion in this study [Fig. 1]. All patients with an

EMS witnessed OHCA, a resuscitation limiting advanced directive,

or initial antiarrhythmic administration post-ROSC were excluded

from our cohort. Patients who experienced OHCA in a healthcare

facility (nursing home, rehabilitation center, etc.) or had ROSC with-

out EMS resuscitation (bystander CPR and/or AED use only) were

also excluded. We excluded patients who were >80 years of age

or residents in healthcare facilities to avoid inclusion of a population

of patients with a high burden of comorbidity that may preclude favor-

able outcomes despite antiarrhythmic administration and impair the

ability to detect a treatment effect. EMS witnessed OHCA were

excluded to enhance homogeneity of the cohort, as these patients
represent a unique population that is more likely to respond to defib-

rillation, achieve ROSC, and survive. In alignment with target trial

emulation methodology, we did not exclude patients who received

both amiodarone and lidocaine because the need for a second ‘res-

cue’ antiarrhythmic agent could not have been known at the hypo-

thetical time of randomization. The probability of receiving a

second antiarrhythmic during resuscitation may be dependent on

the first antiarrhythmic administered. Therefore, patients were classi-

fied into amiodarone and lidocaine groups by the first antiarrhythmic

agent administered during resuscitation.

Variable definitions

Patients were classified as experiencing a shockable rhythm if their

initial ECG rhythm was ventricular fibrillation, ventricular tachycardia,

or an unknown AED shockable rhythm. Pre- and post-antiarrhythmic

defibrillation was defined as any documented AED defibrillation,

manual defibrillation, or double-sequential defibrillation delivered

before or after the first documented administration of amiodarone

or lidocaine. The response interval was defined as the time from

EMS dispatch to scene arrival. The ‘time to drug’ was defined as

the time from scene arrival to the first antiarrhythmic administration.

The follow-up interval was defined as the time from drug administra-

tion to ROSC, hospital arrival, or termination of resuscitation. All

other variables were derived from existing elements in the dataset.

Outcome measures

Our primary outcome for this study was prehospital ROSC. We

chose this as our primary outcome due to availability for our entire

sample and the proximity of this outcome to our intervention of inter-

est. All patients with a documented ROSC time following EMS resus-

citation were classified as having prehospital ROSC, regardless of

duration. Secondary outcomes included the number of

post-antiarrhythmic defibrillations, survival to hospital discharge,

post-ROSC bradycardia, post-ROSC hypotension, and prehospital

transcutaneous pacing. Within the subset of patients with hospital

outcome data, patients were classified as experiencing mortality if

their disposition suggested death prior to discharge. Hypotension

was defined as a systolic blood pressure between 30 and 90 mmHg.

Bradycardia was defined as a heart rate between 10 and 50 beats

per minute.

Statistical analyses

For our unadjusted analyses, continuous variables were reported as

medians with interquartile ranges and categorical variables were

reported as percentages with frequencies. Continuous variables

were compared using the Wilcoxon signed-rank sum test16 and cat-

egorical variables were compared using McNemar’s test or a chi-

squared test with Yates’ continuity correction, as appropriate. We

performed propensity score matching analyses to examine the asso-

ciation between antiarrhythmic agent and outcomes. Propensity

scores were generated from a logistic regression model including

age, sex, OHCA etiology (presumed cardiac, respiratory/asphyxia,

drug overdose, other), witnessed status, pre-first responder CPR, ini-

tial rhythm (VF, VT, unknown AED shockable), response interval

(dispatch time to on-scene time), number of pre-antiarrhythmic defib-

rillations, medication interval (on-scene time to medication adminis-

tration time), vascular access type through which the first dose of

antiarrhythmic was administered (IV vs. IO), and OHCA location (pri-

vate/home vs. public) without replacement.17 The caliper width was

set at 0.2 of the standard deviation of the logit of the propensity



Fig. 1 – Flow diagram detailing derivation of cohort.
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score.18 To assess the quality of matching, the standardized percent-

age bias (standardized mean difference expressed as a percentage)

between groups was calculated for each covariable.19 [Table 1, Sup-

plemental Table 2] This method of generating a propensity matched

cohort was repeated for each secondary outcome of interest and

within each analyzed subgroup. For example, for the outcome of

mortality, a propensity score matched cohort was generated from

the subgroup of patients with hospital outcome data. Stata SE/18

was used for all data management and statistical analyses.

To investigate whether the outcomes of patients treated by EMS

agencies that administered primarily lidocaine differed from agencies

that administered primarily amiodarone, we examined the outcomes

of all patients treated by each agency in this study, the group of

patients treated by each agency in this study who had shockable

rhythms and did not receive lidocaine or amiodarone, and the group

of patients treated by each agency in this study that had non-

shockable initial rhythms. EMS agencies were classified as ‘amio-

darone predominant’ agencies if >80% of included patients received

amiodarone as the first-line anti-arrhythmic agent, and ‘lidocaine pre-

dominant’ agencies if >80% of included patients received lidocaine.

Multivariable logistic regression modeling (adjusted for including

age, sex, OHCA etiology, witnessed status, pre-first responder

CPR, initial rhythm [asystole, PEA, unknown AED non-shockable,

ventricular fibrillation, ventricular tachycardia, unknown AED shock-

able], response interval, and OHCA location) was used to determine

whether being treated by a ‘lidocaine predominant’ EMS agency was

associated with the odds of prehospital ROSC among all OHCA

patients and the subgroup of OHCA patients with non-shockable ini-

tial rhythms. The same cohort derivation strategy was used for this

subgroup analysis with the exception of excluding patients with

non-shockable initial rhythms and excluding patients who did not

receive antiarrhythmics.
Finally, we performed several post-hoc sensitivity analyses using

additional modeling techniques. We performed post-matching multi-

level mixed effects logistic regression modeling20 with treating EMS

agency as a random effect to determine whether clustering of out-

comes by EMS agency may have contributed to our results. We also

performed propensity score matching including the dispatch to defib-

rillation interval, the on-scene to epinephrine interval, and the initial

airway management strategy (endotracheal intubation, i-gel, King

Laryngeal Tube, LMA, no advanced airway) as covariables.

Results

After application of exclusion criteria, 23,263 patients from 1,707

EMS agencies were included in the analysis. The majority of patients

(20,284; 87.2%) received amiodarone as their first antiarrhythmic

during resuscitation. [Fig. 1] Overall, 7,081 (30.4%) patients

achieved ROSC, 2,530 (35.7%) experienced post-ROSC bradycar-

dia, 1,348 (19.0%) experienced post-ROSC hypotension, and 529

(7.5%) received post-ROSC transcutaneous pacing. Among the sub-

set of transported patients with hospital disposition data, 25.6%

(992/3,869) survived to hospital discharge. Table 1 describes the

characteristics and outcomes of our cohort stratified by antiarrhyth-

mic agent before and after propensity score matching. The distribu-

tion of propensity scores in each treatment group before and after

matching are displayed in Supplemental Fig. 1.

Adjusted outcomes

After matching, more patients who received lidocaine had prehospital

ROSC in comparison to patients who received amiodarone (36.0%

lidocaine vs. 30.4% amiodarone, absolute difference: 5.6%). Lido-

caine administration was associated with greater odds of prehospital



Table 1 – Cohort characteristics before and after propensity score matching.

Pre-Matching Post-Matching

Amiodarone Lidocaine Amiodarone Lidocaine SMD

N 20,284 (87.2%) 2,979 (12.8%) 2,976 (50.0%) 2,976 (50.0%)

Age (years)

Missing: n = 0 62.0 (53.0–70.0) 63.0 (53.0–70.0) 62.0 (53.0–70.0) 63.0 (53.0–70.0) 0.008

Sex � �
Male 15,703 (77.4%) 2,316 (77.7%) 2,345 (78.8%) 2,315 (77.8%) 0.024

Female 4,577 (22.6%) 659 (22.1%) 629 (21.1%) 659 (22.1%)

Unknown 4 (0.0%) 4 (0.1%) 2 (0.1%) 2 (0.1%)

Witnessed � �
No 5,271 (26.0%) 723 (24.3%) 706 (23.7%) 722 (24.3%) 0.030

Yes 13,478 (66.4%) 2,017 (67.7%) 2,007 (67.4%) 2,015 (67.7%)

Unknown 1,535 (7.6%) 239 (8.0%) 263 (8.8%) 239 (8.0%)

Response interval (min.)

Missing: n = 22 6.0 (4.3–8.6) 6.6 (4.6–9.5) 6.6 (4.6–9.4) 6.6 (4.6–9.5) 0.009

Pre-EMS CPR � �
No 11,583 (57.1%) 1,632 (54.8%) 1,600 (53.8%) 1,630 (54.8%) 0.033

Yes 7,961 (39.2%) 1,230 (41.3%) 1,241 (41.7%) 1,229 (41.3%)

Unknown 740 (3.6%) 117 (3.9%) 135 (4.5%) 117 (3.9%)

Initial rhythm � �
Ventricular fibrillation 18,053 (89.0%) 2,578 (86.5%) 2,572 (86.4%) 2,575 (86.5%) 0.010

Ventricular tachycardia 1,161 (5.7%) 166 (5.6%) 162 (5.4%) 166 (5.6%)

AED Shockable 1,070 (5.3%) 235 (7.9%) 242 (8.1%) 235 (7.9%)

Etiology � �
Presumed cardiac 18,890 (93.1%) 2,791 (93.7%) 2,790 (93.8%) 2,788 (93.7%) 0.012

Respiratory/asphyxia 685 (3.4%) 93 (3.1%) 93 (3.1%) 93 (3.1%)

Drug overdose 232 (1.1%) 35 (1.2%) 37 (1.2%) 35 (1.2%)

Other 468 (2.3%) 58 (1.9%) 54 (1.8%) 58 (1.9%)

Missing 9 (0.0%) 2 (0.1%) 2 (0.1%) 2 (0.1%)

Location � � � � �
Private/home 14,861 (73.3%) 2,158 (72.4%) 2,118 (71.2%) 2,158 (72.5%) 0.030

Public 5,423 (26.7%) 821 (27.6%) 858 (28.8%) 818 (27.5%)

Drug dose (mg)

Missing: n = 95 300.0 (300.0–

300.0)

100.0 (100.0–

100.0)

300.0 (300.0–

300.0)

100.0 (100.0–

100.0)

Vascular access � � � � �
Intravenous 9,252 (45.6%) 1,702 (57.1%) 1,683 (56.6%) 1,700 (57.1%) 0.012

Intraosseous 11,032 (54.4%) 1,277 (42.9%) 1,293 (43.4%) 1,276 (42.9%)

Time to drug (min.)

Missing: n = 49 12.2 (9.0–16.9) 11.5 (8.2–16.5) 11.9 (8.6–16.4) 11.5 (8.3–16.5) 0.015

Pre-drug shocks 4.0 (2.0–6.0) 3.0 (2.0–4.0) 4.0 (2.0–4.0) 3.0 (2.0–4.0) 0.005

P values

Post-drug shocks 2.0 (0.0–6.0) 2.0 (0.0–4.0) 2.0 (0.0–6.0) 2.0 (0.0–4.0) <0.001*

Time to ROSC

N/A: 16,182 28.4 (21.8–37.8) 27.6 (20.9–36.7) 28.4 (21.4–37.9) 27.6 (20.9–36.7) 0.194*

Follow-up interval

Missing: n = 760 21.4 (13.1–30.6) 21.8 (13.3–31.6) 21.5 (13.6–30.6) 21.8 (13.3–31.6) 0.225*

DSD

No 19,766 (97.4%) 2,962 (99.4%) 2,896 (97.3%) 2,959 (99.4%) <0.001+

Yes 518 (2.6%) 17 (0.6%) 80 (2.7%) 17 (0.6%)

Post-ROSC bradycardia

No 3,816 (63.5%) 735 (68.6%) 578 (63.9%) 735 (68.6%) 0.031#

Yes 2,194 (36.5%) 336 (31.4%) 326 (36.1%) 336 (31.4%)

Post-ROSC hypotension

No 4,832 (80.4%) 901 (84.1%) 717 (79.3%) 901 (84.1%) 0.007#

Yes 1,178 (19.6%) 170 (15.9%) 187 (20.7%) 170 (15.9%)

Post-ROSC bradycardia and

hypotension

No 5,450 (90.7%) 994 (92.8%) 822 (90.9%) 994 (92.8%) 0.135#

Yes 560 (9.3%) 77 (7.2%) 82 (9.1%) 77 (7.2%)

Post-ROSC pacing

No 5,526 (91.9%) 1,026 (95.8%) 839 (92.8%) 1,026 (95.8%) 0.005#
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Table 1 (continued)

Pre-Matching Post-Matching

Amiodarone Lidocaine Amiodarone Lidocaine SMD

Yes 484 (8.1%) 45 (4.2%) 65 (7.2%) 45 (4.2%)

ROSC

No 14,274 (70.4%) 1,908 (64.0%) 2,072 (69.6%) 1,905 (64.0%) <0.001+

Yes 6,010 (29.6%) 1,071 (36.0%) 904 (30.4%) 1,071 (36.0%)

Mortality � �
No 803 (24.1%) 189 (35.0%) 124 (25.7%) 189 (35.1%) 0.001+

Yes 2,526 (75.9%) 351 (65.0%) 358 (74.3%) 350 (64.9%)

SMD = standardized mean difference, EMS = emergency medical services, AED = automated external defibrillator, mg = milligrams, DSD = double sequential

defibrillation, ROSC = return of spontaneous circulation.
* Wilcoxon signed-rank sum test.
+ McNemar’s test.
# Chi-squared test with Yates continuity correction.

R E S U S C I T A T I O N 2 0 8 ( 2 0 2 5 ) 1 1 0 5 1 5 5
ROSC in comparison to amiodarone administration (OR: 1.29 [1.16,

1.44], 2,976 matched pairs). Based on this estimate of effect size, 18

[12,31] patients would need to be treated with lidocaine instead of

amiodarone to obtain prehospital ROSC in 1 additional patient with

shock refractory or recurrent VF/VT.

Secondary outcomes

Patients who received lidocaine received fewer post-antiarrhythmic

defibrillations in comparison to patients who received amiodarone

(median: 2 [0–4] vs. 2 [0–6]; 2,976 matched pairs, mean: 3.3 vs.

3.9, p < 0.001). Among patients who had documented prehospital

ROSC, lidocaine administration was associated with decreased odds

of experiencing post-ROSC bradycardia (OR: 0.80 [0.67, 0.95],
Fig. 2 – Subgroup analyses. OR = odds ratio, CI = confidence

intravenous, IO = intraosseous, mg = milligrams.
1,067 matched pairs), post-ROSC hypotension (OR: 0.77 [0.61,

0.96], 1,067 matched pairs) and decreased odds of receiving prehos-

pital transcutaneous pacing (OR: 0.50 [0.34, 0.72], 1,067 matched

pairs).

After propensity score matching, more patients who received lido-

caine survived to hospital discharge in comparison to patients who

received amiodarone (35.1% lidocaine vs. 25.7% amiodarone, abso-

lute difference: 9.4%). Administration of lidocaine was associated

with greater odds of survival to hospital discharge in comparison to

amiodarone administration (OR: 1.54 [1.19, 2.00], 538 matched

pairs).

The directionality of the association between lidocaine adminis-

tration, ROSC, and survival to hospital discharge was consistent
interval, ROSC = return of spontaneous circulation IV =
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across subgroups defined by age, witnessed status, initial cardiac

rhythm, documented pre- and post-antiarrhythmic defibrillation, vas-

cular access type, initial antiarrhythmic dose, and the timing of antiar-

rhythmic administration. [Fig. 2] Additional analyses, including a

mixed-effects multi-level multivariable logistic regression model and

a propensity score matched analysis that included the dispatch to

defibrillation interval, on-scene to epinephrine interval, and the initial

airway management strategy were also consistent with the direction-

ality of effect suggested by our primary analysis. [Supplemental

Table 3].

Agency-level analyses

Lidocaine was the preferred antiarrhythmic for 157 EMS agencies,

and 1,373 agencies administered primarily amiodarone [Supplemen-

tal Fig. 2]. For this analysis, our cohort consisted of 240,509 patients

(218,623 treated by ‘amiodarone predominant’ agencies, 21,886

treated by ‘lidocaine predominant’ agencies). We found that resusci-

tation by a ‘lidocaine predominant’ EMS agency was associated with

decreased odds of ROSC among all patients (aOR: 0.92 [0.89,

0.96]), within the subgroup of OHCA patients who had initially shock-

able rhythms and did not receive a prehospital antiarrhythmic (aOR:

0.83 [0.76, 0.90]; n = 47,906) and within the subgroup of patients with

initially non-shockable rhythms (aOR: 0.89 [0.85, 0.93]; n = 180,638)

in comparison to resuscitation by an ‘amiodarone predominant’ EMS

agency.

Discussion

In this nationwide retrospective study, we found that the administra-

tion of lidocaine for shock-refractory OHCA was associated with

greater odds of prehospital ROSC in comparison to amiodarone

administration. We also found mechanistic support for the validity

of this association – patients who received intra-arrest lidocaine

received fewer post-ROSC defibrillations than patients who received

amiodarone. Among other secondary outcomes, we also found that

lidocaine administration was associated with greater odds of survival

to hospital discharge and lesser odds of experiencing prehospital

bradycardia, hypotension, and transcutaneous pacing.

Our results are consistent with the ALPS randomized controlled

trial,8 which demonstrated that patients who received lidocaine had

ROSC more frequently at emergency department arrival than

patients who received amiodarone, although the difference did not

reach statistical significance. The absolute difference in favor of lido-

caine was 4.0%, (39.9 vs. 35.9%), which is comparable to the 5.6%

absolute difference observed in this study (36.0 vs. 30.4%). In addi-

tion, our results align with a recent nationwide observational study of

adult IHCA that suggested lidocaine administration was associated

with greater odds of ROSC.10 Similar findings were also previously

reported in a cohort of pediatric IHCA patients.11

In contrast to our study the ALPS trial did not suggest a difference

between amiodarone and lidocaine for the outcome of survival to

hospital discharge. One possible reason for this disparity may be

the polysorbate-free formulation of amiodarone used in the ALPS

study, which was chosen to reduce the risk of hypotensive effects.8

This polysorbate free formulation is not widely available for intra-

arrest use in the prehospital setting in the United States. Therefore,

negative hemodynamic effects from amiodarone diluted in polysor-

bate 8021 may explain this disparity in outcomes. In addition to com-

promising hemodynamics during ongoing CPR, post-ROSC
hypotension may exacerbate secondary injury following ischemia

and reperfusion and has been repeatedly associated with increased

mortality following OHCA.22–27 More of the patients who received

amiodarone experienced post-ROSC bradycardia and hypotension

in our cohort, which supports this hypothesis.

Slightly more of the patients who received amiodarone received

double-sequential defibrillation (DSD), which has been shown to

improve outcomes from shock-refractory cardiac arrest.28 We

hypothesize that DSD was used more frequently during the resusci-

tation of patients who received amiodarone because more patients

who received lidocaine achieved ROSC prior to the deployment of

this procedure late in the course of resuscitation as a rescue tech-

nique. The use of DSD may also be tied to agency-level practices,

which could be associated with antiarrhythmic preference.

Previous retrospective studies excluded patients who received

both amiodarone and lidocaine.29–32 Patients who receive both

antiarrhythmic agents represent an important treatment refractory

population, as the first antiarrhythmic administered may modify the

probability of needing a second antiarrhythmic. Therefore, for our

study, we classified patients into groups based on the first docu-

mented antiarrhythmic administered.
Limitations

These data are subject to the limitations of all retrospective observa-

tional studies, including chance, bias, residual confounding, and the

influence of unknown or unmeasured confounders. Despite our

efforts to account for sources of bias common to observational stud-

ies, unknown confounders or confounding variables not captured by

this dataset may have influenced the relationship between antiar-

rhythmic medications and outcome. Future work that incorporates

known predictors of ROSC and survival to hospital discharge not

available to our study group (e.g. CPR quality metrics33–37, peri-

shock pause duration38,39, pad position28,40) may be warranted.

The minority of patients in this study received lidocaine (12.8%),

which suggests that treatment with this antiarrhythmic may also be

associated with other deviations from nationwide practice patterns.

As a result of this observation, we hypothesized that the quality of

resuscitation provided by EMS agencies that routinely administer

lidocaine may differ in an important way from the quality of resusci-

tation provided by EMS agencies that primarily administer amio-

darone. To test this hypothesis, we compared the outcomes of

patients treated by ‘lidocaine preferred’ EMS agencies to the out-

comes of patients treated by ‘amiodarone preferred’ agencies. To

our surprise, we found that OHCA patients who did not receive lido-

caine but were treated by EMS agencies that routinely administered

lidocaine had lower odds of ROSC. Therefore, we are not able to

attribute the association between lidocaine and greater odds of

ROSC in our cohort to agency-level characteristics tied to antiar-

rhythmic administration practices.

One common limitation of retrospective studies is hidden in the

‘follow-up interval.’ For prehospital outcomes such as ROSC or rear-

rest, the probability of observing the outcome is partially dependent

on the amount of time the patient is being treated by EMS providers.

For example, EMS providers in urban environments have shorter

transport times and are therefore less likely to observe a rearrest

event prior to transfer of care, whereas EMS providers in rural envi-

ronments with longer transport times spend much longer observing

the clinical state of a patient during transport and are more likely to

observe a rearrest. To address this source of bias, we compared
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the ‘follow-up interval’ for each antiarrhythmic group and found no

significant difference.

The results of this study are only generalizable to community

dwelling patients between 18 and 80 years of age who experience

cardiac arrest prior to the arrival of EMS, have an initially shockable

ECG rhythm, and do not respond to defibrillation prior to the admin-

istration of antiarrhythmic drugs. Future studies comparing antiar-

rhythmic agents in other populations may be warranted.

Importantly, the ALPS randomized controlled trial found a significant

improvement in survival to hospital discharge for patients who

received amiodarone in comparison to placebo in the subgroup of

patients with EMS witnessed OHCA, but did not observe a similar

relationship for patients who received lidocaine in comparison to

placebo.

Approximately 20% of all transported patients in the ESO Data

Collaborative annual datasets have associated hospital disposition

data that was used to derive the secondary outcome of survival to

hospital discharge. This may introduce selection bias for our survival

analyses in several ways. First, prehospital termination of resuscita-

tion in the absence of ROSC has become the standard of care in

many parts of the United States. Therefore, the population of trans-

ported patients with hospital disposition data likely have more favor-

able baseline characteristics and outcomes than the true population

of OHCA patients, and antiarrhythmic drug may modify the probabil-

ity of ROSC and therefore transport. This source of bias may be lim-

ited because patients with shockable rhythms do not qualify for

standard ALS41 or BLS42,43 termination of resuscitation rules. In

addition, better resourced and more urban healthcare systems are

more likely to participate in the bi-directional health data exchange

that provides ESO with hospital outcome data. These factors may

limit the generalizability and validity of our secondary survival analy-

ses. The characteristics of transported patients with outcome data in

our cohort were similar to the characteristics of transported patients

without outcome data. [Supplemental Table 4].

Conclusion

Our retrospective, multi-agency ‘target trial emulation’ suggested

that lidocaine was associated with increased odds of prehospital

ROSC in comparison to amiodarone when administered during

resuscitation.
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