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Effect of Time to Treatment With
Antiarrnythmic Drugs on Return of
Spontaneous Circulation in Shock-
Refractory Out-of-Hospital Cardiac Arrest
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BACKGROUND: The effects of amiodarone and lidocaine on the return of spontaneous circulation (ROSC) in relation to time to
treatment in patients with out-of-hospital cardiac arrest is not known. We conducted a post hoc analysis of the ROC ALPS
(Resuscitation Outcomes Consortium Amiodarone, Lidocaine, Placebo) randomized controlled trial examining the association
of time to treatment (drug or placebo) with ROSC at hospital arrival.

METHODS AND RESULTS: In the trial, adults with nontraumatic out-of-hospital cardiac arrest with initial refractory ventricular
fibrillation or pulseless ventricular tachycardia after at least 1 defibrillation were randomly assigned to receive amiodarone,
lidocaine, or placebo. We used logistic regression to examine the association of time to treatment (911 call to study drug
administration) with ROSC. An interaction term between treatment and time to treatment was included to determine the po-
tential effect of time on treatment effects. Overall, 1112 (36.7%) patients had ROSC at hospital arrival (350 in the amiodarone
arm, 396 in the lidocaine arm, and 366 in the placebo arm). The proportion of patients who had ROSC decreased as time to
drug administration increased, in patients treated with amiodarone (odds ratio, 0.92; 95% ClI, 0.90-0.94 per minute increase),
lidocaine (odds ratio, 0.95; 95% ClI, 0.93-0.96), and placebo (odds ratio, 0.95; 95% Cl, 0.93-0.96). With shorter times to drug
administration, the proportion with ROSC was higher in amiodarone versus placebo recipients.

CONCLUSIONS: The probability of ROSC decreased as time to drug administration increased. The effect of amiodarone but not
lidocaine to restore ROSC declined with longer times to drug administration, potentially attributable to its adverse hemody-
namic effects.
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turn of spontaneous circulation (ROSC) requires 2

separate but related components: restoring orga-
nized electrical activity and restoring mechanical car-
diac output. Electrophysiological outcomes such as
termination of pulseless ventricular tachycardia (pVT)
or ventricular fibrillation (VF) could be considered a
primary outcome for studies of electrical interventions,
such as defibrillation.

In the treatment of out-of-hospital cardiac arrest, re-

Effective resuscitation during cardiac arrest, re-
quires restoring effective mechanical activity (ie, ROSC)
in addition to restoration of organized electrical activ-
ity. However, ROSC is a more complex outcome than
termination of arrhythmia and is influenced by factors
such as the duration of cardiac arrest, underlying car-
diac function, and the type and quality of interventions
provided during cardiac arrest resuscitation."? These
factors can affect outcomes in numerous ways. For
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CLINICAL PERSPECTIVE

What Is New?

e In this secondary analysis of a randomized,
placebo-controlled trial, probability of return
of spontaneous circulation was compared be-
tween amiodarone, lidocaine, and placebo on
the basis of time to trial drug administration
during shock-refractory out-of-hospital cardiac
arrest.

e Qverall, the proportion of patients who had return
of spontaneous circulation decreased as time to
drug or placebo administration increased.

e Comparing amiodarone with placebo, the relative
probability of return of spontaneous circulation
declined with longer times to drug administration.

What Are the Clinical Implications?

e Amiodarone is most effective in increasing the
probability of return of spontaneous circulation
when given early during shock-refractory out-
of-hospital cardiac arrest.

e Confirming these findings in prospective studies
and exploring the timing of antiarrhythmics dur-
ing resuscitation could have important implica-
tions for treatment of cardiac arrest.

Nonstandard Abbreviations and Acronyms

pvT pulseless ventricular tachycardia
ROC ALPS Resuscitation Outcomes Consortium
Amiodarone, Lidocaine, Placebo

ROSC return of spontaneous circulation

example, antiarrhythmics or epinephrine administra-
tion may result in adverse hemodynamic effects but fa-
cilitate VF termination (or vice versa), potentially limiting
their benefit during cardiac arrest.>* Similarly, during
cardiac arrest, the heart may endure some transient
or permanent damage and fail to generate adequate
output even in the presence of organized electrical ac-
tivity.> A longer low-flow or no-flow interval can further
worsen any cardiac insults or accentuate any interven-
tions’ adverse hemodynamic effects (creating a syner-
gistic effect).?5

In general, ROSC is the initial requirement for pa-
tient survival. Recent systematic reviews and meta-
analyses comparing amiodarone and lidocaine with
placebo demonstrated that although both drugs
effectively improve the probability of survival at hos-
pital admission, only lidocaine increased the proba-
bility of ROSC.%7 This discrepancy may be explained
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by considering amiodarone’s principal mechanism
of action, which seems to be in reducing the risks of
refibrillation,® although it may assist in defibrillation.8°
The administration of intravenous amiodarone may
have adverse effects, potentially limiting its benefit in
cardiac arrest.'®!" These adverse effects may be more
profound when drugs are administered after prolonged
ischemia. Given these findings and the established
benefit of early treatment in cardiac arrest, we under-
took this analysis to explore the relationship between
time to antiarrhythmic treatment and ROSC, in a sub-
study of the ALPS (Amiodarone Lidocaine Placebo
Study). A secondary objective of this study was to de-
termine if the relationship between time to treatment
and treatment effect was modified by treatment type
(ie, amiodarone versus lidocaine).

METHODS

The data that support the findings of this study are avail-
able from the National Heart, Lung, and Blood Institute
Biologic Specimen and Data Repository Information
Coordinating Center upon reasonable request.

The structural detail of the Resuscitation Outcome
Consortium (ROC) as well as the background to the
ROC ALPS (ROC Amiodarone Lidocaine Placebo
Study) randomized controlled trial, methods, and re-
sults have been previously reported.’>'8 In brief, in the
per protocol analysis, the ROC ALPS trial enrolled adult
patients with out-of-hospital cardiac arrest (>18 years
old) who presented with pVT/VF during their first analy-
sis and were refractory to at least 1 defibrillation. In the
intention-to-treat analysis, patients with initial or subse-
quently occurring refractory VF or pVT were included.
Patients received 300 mg of amiodarone (Captisol-
enabled formulation), 120 mg of lidocaine, or placebo
(normal saline) via 2 identical syringes; each contained
150 mg of amiodarone or 60 mg of lidocaine (or 1 sy-
ringe if body weight was estimated to be <45 kg) in
the field using a double-blinded protocol. A supple-
mental dose of the same drug (150 mg for amiodarone
or 60 mg for lidocaine) was administered if VF or pvVT
persisted after the initial dose of the trial drug, standard
resuscitation measures, and additional defibrillations.
The trial drug’s initial dose was administered when fea-
sible, by rapid bolus, followed by defibrillation, and all
standard resuscitation measures.

INnROC ALPS, the formulation of amiodarone (PM101,
branded as Nexterone) (Prism Pharmaceuticals Inc.,
King of Prussia, PA) was used that has been shown
to be bioequivalent to the other approved, commonly
used formulation of amiodarone (polysorbate 80).'* The
diluent (Captisol, a sulfobutyl ether 3-cyclodextrin) has
been demonstrated to be hemodynamically and elec-
trophysiologically inert. This formulation of amiodarone
seems likely to avoid many of the problems associated
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with the polysorbate 80 formulation, most impor-
tantly its effect on blood pressure and left ventricular
function.41®

In the current study, we performed an individual
patient-level secondary analysis of data from the ALPS
study, calculating the time interval between the 911 call
and the administration of the study drug and analyz-
ing the primary outcome of ROSC at hospital (emer-
gency department) arrival. The primary analysis was
on the “per-protocol” population (patients whose initial
cardiac arrest rhythm of VF or pVT was refractory to
shock).

The ALPS ftrial was conducted under exception
from informed consent in emergency research in com-
pliance with all applicable regulatory requirements. The
data for this study were obtained from the National
Heart, Lung, and Blood Institute Biologic Specimen and
Data Repository Information Coordinating Center, and
the study protocol was approved by the Sunnybrook
Health Science Centre Research Ethics Board.

Statistical Analysis

The primary outcome was ROSC at hospital arrival.
ROSC was defined as the presence of both a palpable
pulse and measurable blood pressure upon hospital
arrival. This definition may better represent a more ac-
curate definition of sustained ROSC compared with
ROSC “in the field” using a palpable pulse alone. A
secondary objective was to determine if the relation-
ship between time to treatment and treatment effect
was modified by treatment type.

Baseline characteristics were summarized using
mean (SD) and median (interquartile range) for contin-
uous data and number of patients (with percentages)
for categorical data. Logistic regression models were
fitted for the outcome of ROSC at hospital arrival. In
our analyses, time to administration of the trial drug as
a continuous variable and the allocated treatment were
modeled as explanatory factors. The interaction of these
variables was considered in the model to account for
the possible effect of time on the estimated treatment
effects. A potential nonlinear effect in the continuous
variable of time to administration of the trial drug was
assessed using a restricted cubic spline. To compare
the models with linear and nonlinear effects, we used
the likelihood ratio test. We kept the interaction term
in the models if it was statistically significant (P<0.05).
We also repeated the models with additional adjust-
ment for prehospital arrest characteristics. In a post
hoc analysis, the models were replicated separately for
a witnessed cardiac arrest subgroup. All results were
summarized using odds ratio (OR) and corresponding
95% Cl. R, version 3.6.1 (R Core Team, 2019) was used
for all statistical analyses in the study and figures were
produced using the package ggplot 2,167
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RESULTS

In the ROC ALPS, 3026 patients were enrolled in the
3 arms of the trial. Of those, 2994 patients with known
drug administration times were included in our analysis
(1046 in the placebo arm, 962 in the amiodarone arm,
and 986 in the lidocaine arm). Baseline characteristics
are shown in Table. A comprehensive description of
all baseline patient characteristics and outcomes in
the per-protocol population has been reported in the
study’s primary analysis.”” The distribution of time in-
tervals between 911 emergency call (or time of car-
diac arrest for paramedic-witnessed cases) and trial
drug administration were similar in all groups. As was
expected in a large randomized controlled trial, the
baseline characteristics were well balanced between
trial groups. Also, patients in the 3 study arms were
similar with regard to the time of drug administration
(Table S1). Overall, 1091 (36.6%) patients had ROSC
at hospital arrival (342 in the amiodarone arm, 390 in
the lidocaine arm, and 359 in the placebo arm). The
probability of ROSC at hospital arrival based on time to
the first dose of the trial drug is shown in Figure 1. The
odds of ROSC at hospital arrival decreased as time
to drug administration increased, in patients treated
with amiodarone (OR, 0.92; 95% ClI, 0.90-0.94 per
minute increase in time interval), lidocaine (OR, 0.95;
95% ClI, 0.93-0.96), and placebo (OR, 0.95; 95% Cl,
0.93-0.96). The change in odds of ROSC at hospital
arrival based on time to the first dose of amiodarone
(compared with placebo) is shown in Figure 2A. With
shorter times to drug administration, the odds of ROSC
at hospital arrival were higher in amiodarone- versus
placebo-treated patients, whereas the odds of ROSC
were higher with placebo than amiodarone at later
times after drug administration. Figure 2B shows the
change in odds of ROSC at hospital arrival based on
time to the first dose of amiodarone (compared with li-
docaine). With shorter times to drug administration, the
odds of ROSC at hospital arrival were not significantly
different after amiodarone versus lidocaine, whereas
ROSC was significantly more likely with lidocaine than
amiodarone at later times after drug administration.
Comparing lidocaine with placebo (Figure 2C), there
was an increased likelihood of ROSC at hospital arrival
for all times of drug administration (OR, 1.29; 95% Cl,
1.07-1.59). There was a significant time by treatment
interaction for the comparison of amiodarone ver-
sus placebo (P=0.007) and lidocaine versus placebo
(P=0.004). For each additional minute of wait time from
911 call to drug, the odds of ROSC were lower in ami-
odarone versus placebo (OR, 0.96; 95% ClI, 0.93-0.99)
and amiodarone versus lidocaine (OR, 0.96; 95% Cl,
0.94-0.98). Time was not significantly associated with
ROSC when comparing lidocaine to placebo (1.00;
95% Cl, 0.97-1.03; P=0.87). Comparing amiodarone
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Table 1. Patient Characteristics and Outcomes by Treatment Arm (N=2994)
Placebo Amiodarone Lidocaine

Patient characteristics (n=1046*) (n=962%) (n=986*)
Mean age, y (SD) 62.7 (14.6) 63.7 (14.1) 63.2 (14.6)
Median time to drug, min (IQR) 17.6 (7.7) 17.6 (8.4) 17.6 (7.8)
Male, n (%) 835 (79.8) 762 (78.5) 816 (82.0)
Witnessed, n (%) 730 (71.0) 669 (69.5) 676 (70.1)
Public location, n (%) 312 (29.5) 301 (31.1) 308 (31.0)
Bystander CPR, n (%) 588 (60.3) 550 (61.5) 546 (59.3)
Outcomes

ROSC at hospital arrival, n (%) 359 (34.3) 342 (35.6) 390 (39.6)

Number of EMS shocks after first dose of the trial 3(5) 2 (3 22

drug, median (IQR)

Total dose of epinephrine (mg), median (IQR) 4 (3) 4(2) 4 (3)

CPR indicates cardiopulmonary resuscitation; EMS, emergency medical services; IQR, interquartile range; and ROSC, return of spontaneous circulation.

*May vary depending on missing values.

with placebo (Figure 2A), there was a higher probability
of ROSC after amiodarone when drug or placebo was
administered at <19.5 minutes after dispatch (red dot-
ted line; ie, OR, 19.5=1.00); beyond this time point, the
relative efficacy of amiodarone versus placebo had an
OR <1, suggesting a lower odds of ROSC at hospital
arrival (compared with placebo) if amiodarone is admin-
istered later than 19.5 minutes after dispatch. Similarly,
comparing amiodarone with lidocaine (Figure 2B), ami-
odarone was associated with a higher probability of
ROSC if administered <13.5 minutes after dispatch
(red dotted line); beyond this time point, the relative

efficacy of amiodarone versus lidocaine was reversed,
with an OR <1. The study’s findings remained consist-
ent after adjustment for prehospital arrest characteris-
tics (Data S1).

Comparison of models with linear and nonlinear time
covariates identified that linear models offered the
best fit for all cases. In addition, subgroup analyses
of patients with witnessed cardiac arrest (Data S2,
Figure S1) and in the intention-to-treat population,
which included patients with initial shockable rhythm
or subsequently occurring shockable rhythm, yielded
similar results (Data S3, Table S2, Figures S2 and S3).
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Figure 1. Probability (shaded area shows 95% CI) of ROSC at hospital arrival based on time to

the first dose of the trial drug.

ALPS indicates Amiodarone Lidocaine Placebo Study; and ROSC, return of spontaneous circulation.
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Figure 2. Change in odds ratio (OR) of return of spontaneous circulation (ROSC) at hospital
arrival (solid black line) based on time to the first dose of (A) amiodarone (vs placebo).

(B) Amiodarone (vs lidocaine). (C) Lidocaine (vs placebo). Black dashed line indicates OR=1; Red
dashed line indicates time when OR of ROSC crosses 1; Shaded area shows 95% CI. ALPS indicates
Amiodarone Lidocaine Placebo Study; OR, odds ratio; and ROSC, return of spontaneous circulation.

DISCUSSION

In our post hoc analysis of ROC ALPS data, the prob-
ability of ROSC at hospital arrival decreased as the
time interval from cardiac arrest to the administration
of amiodarone, lidocaine, or placebo increased. The
highest ROSC rates were seen in patients treated early
after the onset of cardiac arrest. When an interaction
between time to drug administration and treatment
type was included in the models, our results showed
a pattern, which suggests the relative effects of ami-
odarone but not lidocaine (compared with placebo)
on the probability of ROSC might change with differ-
ent times to drug administration. With shorter times
to drug administration, the probability of ROSC was
higher after amiodarone compared with placebo, while

J Am Heart Assoc. 2022;11:€023958. DOI: 10.1161/JAHA.121.023958

the probability of ROSC was higher with both lidocaine
and placebo compared with amiodarone at the later
times. Comparing lidocaine with placebo, the likeli-
hood of ROSC remained higher in those treated with
lidocaine; this relation was independent of time to drug
administration.

In our study, comparison of a drug versus placebo
and the interaction between drug versus placebo and
time made it possible to explore any potential time
effect that is independent of any drug effect, as well
as the time influence on drug effect (versus placebo).
While the probability of ROSC at the time of hospital
arrival decreased over time for amiodarone, lidocaine,
and placebo, the rate of decrease was faster with
amiodarone relative to placebo and lidocaine. The de-
crease in ROSC rate with longer time to placebo is likely
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attributable to early placebo administration correlating
with shorter times for any intervention. In the major-
ity of cardiovascular emergencies, the effectiveness of
time-sensitive interventions is dependent on the timing
of administration and can affect clinical outcomes. In
prolonged VF, ischemic injury may suppress myocar-
dial function and prevent ROSC even after VF termina-
tion. The global myocardial ischemia precipitated by
VF and antiarrhythmic drugs’ adverse effects can lead
to hypotension and bradycardia after VF termination.
At shorter times after VF onset, the potential adverse
effects of amiodarone (negative inotropic effect) may
be blunted by its effectiveness in improving the prob-
ability of successful, durable defibrillation. Conversely,
at later times, treatment with amiodarone might de-
crease the likelihood of ROSC potentially because of
its adverse effects on hemodynamics. However, in the
primary analysis of the ROC ALPS trial, there was no
evidence of any overall decrease in survival at hospital
discharge in the amiodarone group compared with pla-
cebo or lidocaine.'? This may be related to the efficacy
of amiodarone in preventing ventricular tachyarrhyth-
mias in the immediate postresuscitation period (refibril-
lation) or reversal of these transient adverse events.'®
Similarly, the benefit of lidocaine in cardiac arrest most
likely relates to its efficacy in minimizing arrhythmia re-
currences, once an organized rhythm is restored by
other means such as defibrillation.'®

Negative time-dependent hemodynamic effects of
amiodarone in the early postresuscitation period have
been previously observed and described in experi-
mental studies. In an experiment by Ji et al,?° adminis-
tering amiodarone versus placebo 4 minutes after the
onset of VF (untreated VF) increased ROSC in a swine
model of VF arrest. However, Karlis et al’! observed
that the administration of amiodarone after 8 minutes
of untreated VF did not improve ROSC rates and was
associated with worse hemodynamic parameters
during cardiopulmonary resuscitation and immediately
after resuscitation. In our study, we saw similar results
with early administration of amiodarone. The newer
Captisol-enabled formulation of amiodarone, devoid
of diluent-related adverse hemodynamic effects, was
used during this study. Even with this formulation,
amiodarone did not improve the probability of ROSC
compared with placebo with longer times to treatment.
Amiodarone’s adverse effects on hemodynamics
could be attributed to amiodarone’s a-blocking action,
antagonizing the a-stimulation of adrenaline.?' It may
be that amiodarone itself may be partly responsible for
the reported hypotension and bradycardia after ROSC
(the parent drug is also a negative inotrope; however,
less than the diluent).* Given the transient adverse ef-
fect of antiarrhythmics on hemodynamic status, using
the absence of a palpable pulse as a sole predictor of
ROSC or futility may not be reliable and could result in
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misclassifying a small number of potential survivors.??
Improved methods for detecting ROSC for prehospital
health care providers, especially for those who con-
tinue to provide on-scene resuscitation (versus early
transport), are needed.?

Currently, the optimal sequence of Advanced
Cardiac Life Support interventions for VF/pVT cardiac
arrest, including administration of epinephrine or an-
tiarrhythmic drug, at the optimal dose and the tim-
ing of medication administration in relation to other
interventions, is not known.?* In this study, we saw
a higher ROSC rate with early amiodarone adminis-
tration (compared with placebo); a secondary analy-
sis of the PARAMEDIC-2 (Prehospital Assessment of
the Role of Adrenaline: Measuring the Effectiveness
of Drug Administration in Cardiac Arrest) trial showed
an increased chance of ROSC with a longer time to
epinephrine administration (compared with placebo).
Exploring the timing of antiarrhythmics during resus-
citation and the order of antiarrhythmics versus epi-
nephrine (ie, amiodarone before epinephrine versus
after epinephrine) may result in improved overall rate of
ROSC. Resuscitation from cardiac arrest is complex,
with hemodynamic, autonomic, and electrophysiologic
factors playing a significant role. Each phase of resus-
citation may require different, tailored, antiarrhythmic
therapy.®* Improved understanding of these phases
is important to the identification of novel antiarrhyth-
mic targets for resuscitation and the optimal bundle
of care for shock-refractory VF/pVT. The translation of
optimized basic life support and advanced life support
interventions into the best possible outcome is con-
tingent on the optimal transition between intra-arrest
and post—cardiac arrest care. This requires effective
implementation of techniques to identify ROSC reliably
and timely implementation of therapeutic strategies to
give patients resuscitated from cardiac arrest the best
chance for survival with favorable neurological function.

This study has several limitations. During the ROC
ALPS trial, patients were randomized on the basis
of either incessant or recurrent VF. Thus, the time to
drug administration may be longer in patients who had
ROSC early on following 1 shock, maintained a pulse
for a few minutes, and then had a recurrence. For this
study, we used the time that a 911 call was received
as the cardiac arrest time. This estimate may not re-
flect the cardiac arrest’s exact time (especially in those
with unwitnessed cardiac arrest), yet it is a reasonable
estimate considering the 2 events’ proximity and has
been used in published studies. In many prior studies,
ROSC has been defined inconsistently. For example,
the exact duration required for return of pulse or blood
pressure was not specified in the initial Utstein defini-
tions,?® whereas the 2004 Utstein definitions specified
20 minutes of pulse as a criterion for the new term sus-
tained ROSC.?® In this study, ROSC was defined as
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the presence of both a palpable pulse and measurable
blood pressure, whereas several previous studies de-
fined ROSC as having a palpable pulse alone. As with
all retrospective analyses, the results of our study are
subject to the influence of unmeasured confounders
and should be regarded as hypothesis generating. It is
possible that there are systematic differences between
patients treated earlier versus later, which could account
for some of the observed drug-by-time interactions.
Similarly, the time points at which our data suggest
relative drug effects are directionally reversed are post
hoc estimates and should be regarded as hypothesis
generating. Finally, the results of our analyses at both
ends of the curves are limited by low-frequency counts
and, therefore, should be interpreted with caution.

CONCLUSIONS

In this study, the probability of ROSC decreased as time
to drug or placebo treatment increased. Comparing li-
docaine with placebo, the relative probability of ROSC
did not change with time to drug administration. The
effect of amiodarone to restore ROSC declined with
longer times to drug administration, potentially be-
cause of its adverse hemodynamic effects. Exploring
the timing of antiarrhythmics during resuscitation may
improve the overall rate of ROSC.
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SUPPLEMENTAL MATERIAL



Data S1: Adjusted Per-protocol Analysis - Utstein Variables

We also repeated our primary analysis (per-protocol) adjusting for Utstein variables (age, sex,
location of cardiac arrest [public versus non-public], witness status and bystander CPR [yes/no]).
The study's findings were consistent even after adjustment for Utstein variables. In our adjusted
analysis, the odds of ROSC at hospital arrival decreased as time to drug administration increased,
in amiodarone (OR 0.92, 95% CI 0.90-0.94 per min increase in time interval), lidocaine (OR 0.95,
95% CI: 0.94-0.96), and placebo (OR 0.95, 95% CI: 0.94-0.96) treated patients. There was a
significant time by treatment interaction for the comparison of amiodarone versus placebo
(p=0.01) and lidocaine vs placebo (p=0.01). For each additional minute of wait time from 911 call
to drug the odds of ROSC were lower in amiodarone versus placebo (OR=0.96, 95% CI 0.93-
0.99) and amiodarone versus lidocaine (OR=0.96, 95% CI 0.93-0.99). Time was not significantly

associated with ROSC when comparing lidocaine to placebo (1.00, 95% CI 0.97-1.03; p= 0.92).



Data S2: Probability of ROSC at Hospital Arrival Based on Time to the First Dose of the

Trial Drug in Patients with Witnessed Cardiac Arrest

The probability of ROSC at hospital arrival based on time to the first dose of the trial drug in
patients with witnessed cardiac arrest is shown in Figure S1. The result of a separate analysis of
patients with witnessed cardiac arrest was similar to other analyses regarding time to trial drug

administration effect.



Data S3: Intention-to-treat Population (patients with initial shockable rhythm or

subsequently occurring shockable rhythm)

In the ROC ALPS trial intention-to-treat population, 4653 patients were enrolled in the three arms
of the trial. Of those, 4209 (90.5%) patients with known drug administration times were included
in this study analysis (1411 to the placebo arm, 1405 to the amiodarone arm and 1393 to the
lidocaine arm). Baseline characteristics are summarised for all enrolled patients and are shown in
Table S2. The time intervals between 911 emergency call (or time of cardiac arrest for paramedic
witnessed cases) and trial drug administration were similar between all groups. As was expected
in a large RCT, the baseline characteristics were well balanced between trial groups. Overall, 1322
(31.4%) patients had ROSC at hospital arrival (414 in the amiodarone arm, 475 in the lidocaine
arm, and 433 in the placebo arm). A more comprehensive description of all baseline patient
characteristics and outcomes in the per-protocol population has been reported, in the primary

analysis of the study.?

The probability of ROSC at hospital arrival based on time to the first dose of the trial drug is shown
in Figure S2. The odds of ROSC at hospital arrival decreased as time to drug administration
increased, in amiodarone (OR 0.91, 95% CI 0.90-0.93 per min increase in time interval), lidocaine

(OR 0.94, 95% CI: 0.93-0.95), and placebo (OR 0.94, 95% CI: 0.93-0.95) treated patients.

The change in probability of ROSC at hospital arrival based on time to the first dose of amiodarone
(compared to placebo) is shown in Figure S3A. With short times to drug administration, the
probability of ROSC was higher in amiodarone, whereas ROSC was higher with placebo at later
times after drug administration. The change in probability of ROSC at hospital arrival based on
time to the first dose of amiodarone (compared to lidocaine) is shown in Figure S3B. With short

times to drug administration, ROSC at hospital arrival was no different in amiodarone versus



lidocaine, whereas ROSC was higher with lidocaine than amiodarone at later times after drug
administration. Comparing lidocaine to placebo (Figure S3C), the likelihood of ROSC at hospital

arrival increased irrespective of time to treatment (OR 1.20, 95% CI: 1.02-1.41).

There was a significant time by treatment interaction for the comparison of amiodarone versus
placebo (p=0.002) and lidocaine vs placebo (p=0.001). For each additional minute of wait time
from 911 call to drug the odds of ROSC were lower in amiodarone versus placebo (OR=0.96, 95%
ClI 0.94-0.99) and amiodarone versus lidocaine (OR=0.97, 95% CI 0.94-0.99). Time was not
significantly associated with ROSC when comparing lidocaine to placebo (OR=1.00, 95% ClI

0.98-1.02; p= 0.83).



Table S1: Distribution of patients’ characteristics with regards to time to treatment (divided into

quartiles based on time to the ALPS drug administration).

Patient
Characteristics

Time From 911 Call to First Dose of ALPS Drug (min)
(N =2994%)

<14.0 min

14.0-17.5min | 17.5-22.0 min

> 22.0 min

Mean age, year (SD) 62.8 (13.5) 63.5 (14.4) 62.7 (14.5) 64.5 (14.2)
Male, n (%) 618 (20.6) 590 (19.4) 611 (20.4) 580 (19.4)
Witnessed, n (%) 553 (19.0) 490 (16.8) 541 (18.6) 491 (16.9)
Public location, n (%) 273 (9.1) 206 (6.9) 229 (7.7) 213 (7.1)
Bystander CPR, n (%) 490 (16.6) 457(15.5) 464 (15.8) 429(14.6)

SD = standard deviation; CPR= cardiopulmonary resuscitation

*May vary depending on missing values




Table S2: Intention-to-treat population characteristics and outcomes by treatment arm

(N = 4209).

Patient characteristics

Placebo
(n=1411%)

Amiodarone Lidocaine

(N=1405%)  (n=1393*)

Mean age, year (SD) 63.6 (15.2) | 64.4(14.7) | 63.5(15.6)
Median time to drug, min (IQR) 19.0 (9.6) 19.5 (10.7) 19.2 (10.3)
Male, n (%) 1076 (76.3) | 1078 (76.8) | 1098 (78.8)
Witnessed, n (%) 931 (67.7) | 892 (65.1) 900 (66.5)
Public location, n (%) 408 (26.0) 404 (26.3) 409 (26.5)
Bystander CPR, n (%) 724 (51.3) 768 (54.7) 712 (51.1)

Outcomes

trial drug, median (IQR)

ROSC at hospital arrival, n (%) 433 (30.7) 414 (29.5) 475 (34.1)
Number of EMS shocks after first dose of the 4 (3) 4 (3) 4 (3)
trial drug, median (IQR)

Number of EMS shocks after first dose of the 5 (6) 5(4) 4 (3)

IQR= interquartile range; SD = standard deviation; CPR= cardiopulmonary resuscitation; EMS=

emergency medical services; ROSC= return of spontaneous circulation

*may vary depending on missing values




Figure S1: Probability (shaded area shows 95% CI) of ROSC at hospital arrival based on time to

the first dose of the trial drug in witnessed cardiac arrest cases. Cl= confidence interval; ROSC=

return of spontaneous circulation.
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Figure S2: Probability (shaded area shows 95% CI) of ROSC at hospital arrival based on time to

the first dose of the trial drug in the intention-to-treat population. Cl= confidence interval; ROSC=

return of spontaneous circulation.
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Figure S3: Change in OR of ROSC at hospital arrival in the intention-to-treat population based on
time to the first dose of A) amiodarone (compared to placebo). B) Amiodarone (compared to
lidocaine). C) Lidocaine (compared to placebo). Shaded area shows 95% CI. OR= odds ration;

Cl= confidence interval, ROSC= return of spontaneous circulation.
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