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Abstract

Background: Intra-resuscitation antiarrhythmic drugs may improve resuscitation outcomes, in 

part by avoiding rearrest, a condition associated with poor out-of-hospital cardiac arrest (OHCA) 

outcomes. However, antiarrhythmics may also alter defibrillation threshold. The objective of this 

study was to investigate the relationship between rearrest and intra-resuscitation antiarrhythmic 

drugs in the context of the Resuscitation Outcomes Consortium (ROC) amiodarone, lidocaine, and 

placebo (ALPS) trial.

Hypothesis: Rearrest rates would be lower in cases treated with amiodarone or lidocaine, versus 

saline placebo, prior to first return of spontaneous circulation (ROSC). We also hypothesized 

antiarrhythmic effects would be quantifiable through analysis of the prehospital electrocardiogram.

Methods: We conducted a secondary analysis of the ROC ALPS trial. Cases that first achieved 

prehospital ROSC after randomized administration of study drug were included in the analysis. 

Rearrest, defined as loss of pulses following ROSC, was ascertained from emergency medical 

services records. Rearrest rate was calculated overall, as well as by ALPS treatment group. 

Multivariable logistic regression models were constructed to assess the association between 
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treatment group and rearrest, as well as rearrest and both survival to hospital discharge and 

survival with neurologic function. Amplitude spectrum area, median slope, and centroid frequency 

of the ventricular fibrillation (VF) ECG were calculated and compared across treatment groups.

Results: A total of 1144 (40.4%) cases with study drug prior to first ROSC were included. 

Rearrest rate was 44.0% overall; 42.9% for placebo, 45.7% for lidocaine, and 43.0% for 

amiodarone. In multivariable logistic regression models, ALPS treatment group was not associated 

with rearrest, though rearrest was associated with poor survival and neurologic outcomes. AMSA 

and median slope measures of the first available VF were associated with rearrest case status, 

while median slope and centroid frequency were associated with ALPS treatment group.

Conclusion: Rearrest rates did not differ between antiarrhythmic and placebo treatment groups. 

ECG waveform characteristics were correlated with treatment group and rearrest. Rearrest was 

inversely associated with survival and neurologic outcomes.

Background

The administration of antiarrhythmic drugs during resuscitation of ventricular fibrillation 

(VF) or ventricular tachycardia (VT) out-of-hospital cardiac arrest (OHCA) follows the 

premise that modification of the arrhythmogenic myocardium can suppress recurrent VF 

episodes after initial return of spontaneous circulation (ROSC).1 In this sense, 

antiarrhythmic administration can be contextualized to the intermediate resuscitation 

outcome of rearrest, including the rhythm-specific subcategory of recurrent VF, previously 

associated with poor survival to hospital discharge and/or neurologic outcomes by our group 

and others.2–6 The mechanism of antiarrhythmics in obviating recurrent VF or rearrest 

during resuscitation is conceptually complicated by the known effect of some antiarrhythmic 

drugs to increase the defibrillation threshold, an effect that should reduce the probability of 

successful defibrillation.7–9 Even so, it was demonstrated almost two decades ago that both 

amiodarone and lidocaine can improve survival to hospital admission when administered for 

recurrent or refractory VF.10–11 Later, the Resuscitation Outcomes Consortium (ROC) 

conducted the Amiodarone-Lidocaine-Placebo Study (ALPS), a large randomized controlled 

trial of amiodarone, lidocaine or placebo for treatment of recurrent or refractory VF.12 In the 

general analysis, no significant differences were observed between treatment groups for the 

survival to discharge or neurologic outcomes, although subgroup analyses showed 

heterogeneity of treatment effect based on witness status. Congruent with earlier studies, 

survival to hospital admission was greater among the antiarrhythmic treatment arms.

The ALPS trial provides a jumping off point for further investigation into the mechanisms 

and constraints by which antiarrhythmics fit into the resuscitation process, including their 

relationship to rearrest and their role in defibrillation. In the present study we sought to 

examine the intersection of these questions by considering not only the incidence and 

outcomes of rearrest in the ALPS trial, but also a measurable effect of the study drugs on the 

myocardium through analysis of the electrocardiogram (ECG) during resuscitation. We 

hypothesized that amiodarone and lidocaine would decrease the probability of rearrest 

occurrence compared to placebo and that their action would be demonstrable in ECG 

waveform analysis.
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Methods

Primary Clinical Trial

We conducted this retrospective study under existing Institutional Review Board approved 

protocols. The population, design, and results of the primary analysis have been reported 

elsewhere,17 as have the structural details of the ROC.18 Briefly, the ROC was a clinical 

research network including 10 sites across the US and Canada, as well as the data 

coordinating center (DCC) at the University of Washington in Seattle, conducting population 

level surveillance and clinical trials in the realm of OHCA and major trauma. In the ROC 

ALPS trial, patients were randomized to receive either amiodarone, lidocaine or placebo if 

they exhibited recurrent or refractory VF/VT after at least one defibrillation attempt and had 

intravenous or intraosseous vascular access established at the time of randomization. A 

second dose of study drug could be administered if the first resulted in continued recurrent 

or refractory VF/VT. As part of the standard data form, characteristics of the patient, 

emergency medical services (EMS) procedures and timing, and outcomes were abstracted 

from prehospital care reports, 911 dispatch records, electronic defibrillator data files and 

hospital records. Among the data points collected at this stage were prehospital rearrest 

(“occurred ever”) and the timing of each prehospital ROSC event throughout the case, 

identified by site-level ROC data abstractors.

Inclusion – Exclusion Criteria

Case data from the ROC ALPS trial from 10 ROC sites were included in this analysis. In 

order to assess the association between antiarrhythmic drugs and rearrest, we restricted our 

analyses to only those cases that achieved ROSC after initial randomization and 

administration of ALPS study drug. Cases achieving ROSC prior to randomization were 

excluded because their eventual randomization would be a consequence of a rearrest event 

according to the primary trial protocol, rather than the reverse. Additional cases were 

excluded for missing primary variables of interest. For the waveform analysis portion of the 

study, we included any case meeting the above criteria and having an available defibrillator 

download file through the ROC DCC. Because not all ROC sites participated in voluntary 

defibrillator file upload during the ALPS trial, signal data was not uniformly available from 

all sites.

Outcomes

The primary outcomes for the present study were rearrest (defined as any loss of pulses after 

ROSC during the course of prehospital care), survival to hospital discharge (defined as 

discharge from the hospital alive to home or a long-term care facility), and good neurologic 

function at hospital discharge, taken as Modified Rankin Scale (MRS) ≤ 3.15 Secondary 

outcomes included quantitative ECG measures at first analyzable VF, immediately prior to 

ROSC, and at onset of first rearrest. ROSC was definied as a palpable pulse for any length of 

time.
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Quantitative Waveform Measures

ECG signal data corresponding to the first analyzable instance of VF, immediate pre-ROSC 

VF, and VF at the onset of first rearrest were extracted from defibrillator files, parsed and 

analyzed by two operators (MLS/ACK) using a combination of proprietary manufacturer 

software and custom MATLAB (R2016b) scripts. The most proximal 3 seconds of ECG to 

each of the 3 measurement points were used for calculation of amplitude spectrum area 

(AMSA), median slope (MS), and centroid frequency (CF) quantitative waveform measures 

(QWM). The calculation methodologies of these measures have been described extensively 

in the literature.16–18 In brief, QWM capture in a single numerical measure the coarseness or 

fineness of the VF ECG as a function of one or more objective characteristics of the 

waveform. These include derivations of the ECG time series, like MS, which is calculated 

from the instantaneous slope of the ECG, or frequency domain derivations like AMSA and 

CF, which both describe the distribution of signal power in the Fourier transformed ECG. In 

laboratory experiments, QWM progressively deteriorate as untreated VF goes on, 

progressively restore as VF is reperfused, and correlate with myocardial energy stores.19,20 

In retrospective clinical studies, they have been correlated with defibrillation outcomes, as 

well as survival to hospital discharge.21–25

Analysis

Overall rearrest rate was calculated as the proportion of all cases with any rearrest and then 

stratified by ALPS treatment arm, as well as by ROC site. Case characteristics, including 

demographics, witness status, presenting ECG rhythm, event location, EMS arrival time, and 

bystander-treatment status were compared by rearrest status. The primary variable of interest 

was ALPS treatment arm(amiodarone, lidocaine or placebo). The primary analysis examined 

the association of ALPS treatment arms and rearrest, using a multivariable logistic 

regression model. In addition, we fit multivariable logistic regression models examining the 

association of rearrest with survival to hospital discharge and good neurologic function, both 

for all patients and restricted to those patients who went on to arrive at the emergency 

department (ED) with pulses, the latter intended to provide a more conservative estimate of 

rearrest’s impact on outcomes. In order to understand the implications of excluding patients 

who had ROSC prior to study drug administration, we conducted a sensitivity analysis that 

incorporated these patients into our primary comparisons, which are reported in the 

associated supplement.

In order to understand the mechanistic association between study drug and rearrest, QWM 

for the first available VF and immediate pre-ROSC VF were compared between cases with 

and without rearrest and across ALPS arms in separate 2-way ANOVA models. QWM for 

cases with rearrest were compared across ALPS arms in separate 1-way ANOVA models

Data management and analyses were conducted using S-Plus version 6.2.1 (TIBCO 

Software Inc. Palo Alto, California, USA), and Stata version 11 (StataCorp, College Station, 

Texas, USA). An alpha level of 0.05 was used as the criterion for statistical significance for 

all analyses.
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Results

From the original ROC ALPS trial, 2381 cases qualified for inclusion in this study. In turn, 

1144 (40.4%) achieved ROSC after initial ALPS study drug administration, qualifying for 

study inclusion. Characteristics of the study cohort are shown in Table 1. Five-hundred and 

three (44.0%) patients experienced at least one rearrest event prior to hospital arrival; 

rearrest rates ranged from 33.0% to 60.0% across the ROC sites. Due to the primary trial’s 

inclusion criteria, nearly all cases presented with an initial rhythm of VF/VT (99.0%), with 

no detectible difference in first rhythm classification between those with and without 

rearrest. Cases with rearrest were less likely to have the first EMS unit arrive in under 6 

minutes (62.8% vs 69.3%; p = 0.023).

Rearrest was not independently associated with ALPS treatment groups. In a multivariable 

logistic regression model with outcome rearrest (results shown in Table 2), age ≥ 60 and 

time-to-ROSC ≥ 30 minutes were directly related to rearrest, while non-cardiac etiology was 

inversely related to rearrest.

Cases with rearrest had a 24.3% rate of survival to hospital discharge and a 19.3% rate of 

good neurologic outcome compared to 57.0% and 44.4%, respectively, among those without 

rearrest, when using a prehospital ROSC criterion. After adjustment for common 

resuscitation covariates, rearrest was inversely related both to survival to hospital discharge 

(OR: 0.24; 95% CI: 0.18 – 0.31) and good neurologic outcome (OR: 0.30; 95% CI: 0.22 – 

0.40), both among all cases and among the subset of all cases that had ROSC at ED arrival 

(See Table 3). In the same models, age, unwitnessed status, and time-to-ROSC greater than 

30 minutes were inversely related to survival and good neurologic outcome, while EMS 

witness status, bystander cardiopulmonary resuscitation (CPR) administration and public 

location were associated with improved outcomes.

Results of QWM analyses are summarized in Figure 2. Electronic defibrillator files were 

available for 424 (37%) of ALPS cases identified as having ROSC prior to study drug 

administration. In two-way ANOVA models, CF (p = 0.0270) during the first available VF 

signal and both AMSA (p = 0.0277) and MS (p = 0.0203) during the immediate pre-ROSC 

VF signal differed by rearrest case status. In the same models, there were no significant 

associations between ALPS treatment group and the QWM during the first available VF 

signal, however treatment group was associated with MS (p = 0.0235), and CF (p = 0.0449) 

in the immediate pre-ROSC VF signal. Neither ALPS treatment group nor rearrest status 

were significantly associated with QWM of the first rearrest VF signal in those cases that 

exhibited a rearrest. Mean QWM in general were highest in cases without rearrest and 

among those cases in the ALPS placebo arm.

Discussion

The results of this study indicate that rearrest was not associated with ALPS treatment 

group, but QWM of the VF ECG were associated with either rearrest, ALPS treatment 

group, or both. Moreover, rearrest was related to survival to hospital discharge and good 

neurologic function. The disconnect between these findings leaves a complex picture, but 
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one that nonetheless may inform the results of the primary ALPS trial analyses, the 

phenomenon of rearrest, and the effects of intra-resuscitation antiarrhythmic administration.

The intervention at the center of the ROC ALPS trial, theoretically intersects with the 

process of rearrest by reducing the likelihood of downstream lethal arrhythmia. As observed 

in this study, the intervention did not affect the likelihood of rearrest. In the primary analysis 

of the ALPS trial, both amiodarone and lidocaine were associated with a greater probability 

of admission to hospital, and lidocaine was associated with a greater probability of arriving 

at hospital with pulses, compared to placebo.12 Either outcome could potentially be 

interpreted as an incomplete surrogate for rearrest, with the important limitation that rearrest 

is reversible prior to hospital arrival and admission, and therefore would not be uniformly 

captured by these surrogates. On the other hand, rearrest in the present study was ascertained 

only in cases that had been randomized to amiodarone, lidocaine or placebo prior to first 

ROSC, so inference regarding the effect of each on downstream rearrest is better than purely 

associational. Still, in light of the findings of the trial, one might expect to see differential 

rearrest rates here.

Our results also show that amiodarone and lidocaine were associated with lower QWM, 

specifically MS and CF, in the time between study drug administration and ROSC, the 

expected effect if both were raising the defibrillation threshold. Interestingly, the same 

relationship was not observed for AMSA, which did not differ by rearrest status. The reason 

for this disparity is unclear. Each quantitative waveform measure captures a different feature 

or combination of features of the VF signal. It may be that these measures truly capture 

different phenomena that differentiate cases by ALPS treatment arm, or it could be that 

signal quality characteristics influenced the sensitivity of these measures. AMSA and CF 

have related derivations, both beginning with a Fourier transform, while MS might be 

considered a loose mathematical approximation of both, wherein it expresses the distribution 

of a property of the VF waveform that varies roughly in proportion to frequency. However, 

unlike CF and MS, AMSA incorporates a weighted sum of signal power, rather than a 

central tendency. In continuous analysis of prolonged VF, these measures track together on 

very similar trajectories under uniform recording conditions.20

QWM were also correlated in this study with rearrest occurrence. Immediate pre-ROSC 

AMSA and MS were correlated with rearrest, as was the CF of first available VF signal. To 

clarify, the VF immediately preceding successful defibrillation and first ROSC showed 

different characteristics between those cases that would go on to have or not have a 

subsequent rearrest. On average, QWM were higher (i.e., better) in cases without rearrest. 

As a general picture of myocardial condition, QWM may correlate with a healthier heart, 

given their relationship to defibrillation success, ROSC, and survival. It then fits this picture 

that lower QWM would foreshadow the potential for downstream rearrest. Interestingly, we 

also found that QWM did not differ between study drugs at the time of rearrest occurrence. 

One potential implication of this finding is that the mechanistic effect of study drug did not 

persist among those cases that had a rearrest event, expressing both as rearrest and similar 

QWM. It is difficult to assert this with certainty, in part because a definitive comparison 

would involve QWM analysis of equivalent time points among cases without rearrest – an 

impossibility because there would be no VF to analyze.
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Lastly, in the present study rearrest was once again found to be a strong predictor of poor 

resuscitation outcomes, including survival to hospital discharge and neurologic function, 

confirming recent findings from the ROC Continuous Chest Compressions trial.6,26 In the 

prior study, no association was found between definitively classified compression-to-

ventilation ratio and rearrest occurrence, an association that we had hypothesized was rooted 

in additional no-flow time created by regular cessation of chest compressions for delivery of 

ventilations.

This study has several important limitations. First, the phenomenon of rearrest has been 

simplified to allow investigation of the association between rearrest and antiarrhythmic 

administration. Cases that may have had ROSC and rearrest prior to administration of study 

drug were not considered in the primary analysis, although a sensitivity analysis was 

performed to determine whether their exclusion resulted in dramatically different results. 

Second, we only considered first rearrest, not subsequent occurrence. It may be that the 

classification of rearrest as a whole-case status obscures an additional, important dimension 

of the relationship between rearrest and antiarrhythmics. Even so, it should be appreciated 

that previous findings demonstrating the negative impact of rearrest on prognosis used a 

similar whole-case definition. Third, QWM were only available in a subset of cases and 

analyzed as a secondary mechanistic aim, and consequently could not be factored into the 

larger multivariable analyses at the center of the study. The large amount of missing signal 

data may have introduced unanticipated biases, which likely would relate to inter-site 

differences in patient and treatment characteristics. Importantly, the true relationship 

between amiodarone, lidocaine and placebo and the immediate pre-ROSC ECG is ultimately 

not known, since the signal characteristics immediately prior to drug administration, 

characteristics of resuscitation in the intervening time, and other factors would have to be 

considered, an endeavor out of the scope of this secondary analysis. An on-going study of 

the general relationship between QWM and the resuscitation process throughout the ALPS 

study is currently underway and may reveal the full picture in the near future.

Conclusions

In this secondary analysis of a very specific subset of cases, rearrest rate did not differ 

between the amiodarone, lidocaine or placebo groups of the ROC ALPS trial, indicating that 

the relationship between antiarrhythmics and resuscitation outcomes may be more 

complicated than simple obviation of rearrest. However, some QWM of the VF ECG did 

differ between ALPS treatment groups, as well as by rearrest case status. More work is 

needed to understand the significance of the VF waveform in the context of rearrest.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Survival and Good Neurologic Outcome Stratified by Rearrest –
Resuscitation outcomes survival to hospital discharge and MRS <=3 stratified by rearrest 

status (rearrest = striped) are shown for all patients with prehospital ROSC (left), as well as 

the subset of patients with pulses at ED arrival (right).

Abbreviations: ED: emergency department, MRS: modified Rankin Scale, PH: prehospital
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Figure 2. Immediate Pre-ROSC Quantitative Waveform Measures Stratified by Rearrest and 
ALPS Treatment Arm –
QWM are shown for each ALPS trial treatment arm and stratified by rearrest status for the 

VF signal immediately prior to defibrillation resulting in ROSC. Actual QWM magnitudes 

are expressed on a single y-axis, though units are not individually indicated.

Abbreviations: ALPS: Amiodarone-Lidocaine-Placebo Study, AMSA: amplitude spectrum 

area, QWM: quantitative waveform measures, ROSC: return of spontaneous circulation, VF: 

ventricular fibrillation
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