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Abstract

Background: Cardiac arrest guidelines recommend epinephrine every 3–5 minutes during 

cardiac arrest resuscitation. However, it is unclear if multiple epinephrine doses are associated 

with improved outcomes. The objective of this study was to determine if a single-dose epinephrine 

protocol was associated with improved survival compared to traditional multidose protocols.
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Methods: We conducted a pre-post study across five North Carolina EMS agencies from 

11/1/2016 to 10/29/2019. Patients ≥ 18 years old with attempted resuscitation for non-

traumatic prehospital cardiac arrest were included. Data were collected 1 year before and after 

implementation of the single-dose epinephrine protocol. Prior to implementation, all agencies used 

a multidose epinephrine protocol. The Cardiac Arrest Registry to Enhance Survival was used to 

obtain patient outcomes. Study outcomes were survival to hospital discharge (primary) and return 

of spontaneous circulation (ROSC). Analysis was by intention to treat. Outcomes were compared 

pre- vs. post-implementation using generalized estimating equations to account for clustering 

within EMS agencies. Adjusted analyses included age, sex, race, shockable vs. non-shockable 

rhythm, witnessed arrest, automatic external defibrillator availability, EMS response interval, and 

bystander cardiopulmonary resuscitation.

Results: During the study period there were 1,690 encounters (899 pre- and 791 post-

implementation). The population was 74.7% white, 61.1% male, and had a median age of 65 (IQR 

53–76) years. Survival to hospital discharge was similar pre- vs. post-implementation [13.6% 

(122/899) vs. 15.4% (122/791); OR 1.19, 95%CI 0.89–1.59]. However, ROSC was more common 

post-implementation [42.3% (380/899) vs. 32.5% (257/791); OR 0.66, 95%CI 0.54–0.81]. After 

adjusting for covariates, the single-dose protocol was associated with similar survival to discharge 

rates (aOR 0.88, 95%CI 0.77–1.29), but with decreased ROSC rates (aOR 0.58, 95%CI 0.47–

0.72).

Conclusion: A prehospital single-dose epinephrine protocol was associated with similar survival 

to hospital discharge, but decreased ROSC rates compared to the traditional multidose epinephrine 

protocol.

Keywords

Out-of-hospital; prehospital; emergency medical services (EMS); cardiac arrest; epinephrine; 
cardiopulmonary resuscitation (CPR)

INTRODUCTION

Each year approximately 350,000 adults experience out-of-hospital cardiac arrest (OHCA) 

and receive cardiopulmonary resuscitation (CPR) by emergency medical services (EMS) in 

the United States (US).(1) The American Heart Association Advanced Cardiac Life Support 

and European Resuscitation Council’s cardiac arrest resuscitation guidelines recommend 

epinephrine administration every 3–5 minutes.(2,3) This potent catecholamine increases 

chronotropy and inotropy,(4,5) which in theory improve myocardial blood flow and may 

increase the rate of return of spontaneous circulation (ROSC).(6,7) However, there are 

possible harms from epinephrine, including lethal dysrhythmia, increased myocardial 

oxygen demand, thrombosis, and cerebral ischemia.(1,5,7–9)

Despite decades of OHCA guidelines with emphasis on multidose epinephrine 

administration, survival to hospital discharge rates in the US have remained low, at 6–11% 

since 1980.(10,11) Previous trials suggest that while epinephrine may improve ROSC rates, 

it may not improve patient-centered outcomes, such as survival to hospital discharge or 

favorable neurologic outcome rates.(12–16) No trial has examined the effect of using a 
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single dose of epinephrine in OHCA resuscitation on patient-centered outcomes. Therefore, 

it remains unclear if a single dose of epinephrine is associated with improved outcomes, 

such as survival to hospital discharge or ROSC, compared to guideline-based epinephrine 

administration every 3–5 minutes.

To address this evidence gap, we conducted a pre-post study comparing adult OHCA 

patients receiving a single dose of epinephrine to patients receiving epinephrine every 3–5 

minutes. We hypothesized that patients receiving a single dose of epinephrine would have 

increased survival to hospital discharge rates despite having lower ROSC rates compared to 

patients receiving epinephrine every 3–5 minutes. Therefore, the objective of this study was 

to compare survival to hospital discharge and ROSC rates among patients with resuscitation 

guided by a single-dose epinephrine protocol compared to those receiving care with a 

protocol for epinephrine every 3–5 minutes. In addition, this study aimed to explore whether 

the single-dose epinephrine protocol was associated with improved favorable neurologic 

outcomes.

METHODS

Study Design

We conducted a pre-post study among five North Carolina (NC) EMS agencies from 

11/1/2016 to 10/31/2019. The Wake Forest University Health Sciences Institutional 

Review Board approved the study protocol and granted a waiver of informed consent. 

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines helped direct the research and reporting process.(17) The data will not be made 

publicly available.

Study Setting and Population

The study was conducted in a diverse area of NC among urban, suburban, and rural 

communities in five counties with a total population nearing 850,000 people (Supplemental 

Table 1). Each county operated its own third service, single-tier advanced life support (ALS) 

EMS agency and received medical direction from emergency physicians with subspeciality 

board certification in EMS. A consecutive sample of patients ≥ 18 years old with attempted 

resuscitation for non-traumatic OHCA were included. While prehospital cardiac arrest 

management was guided by the NC College of Emergency Physician’s cardiac arrest 

protocol, EMS medical directors can amend the protocol with the approval of the state 

EMS medical director.(18) Given the clinical equipoise surrounding epinephrine in OHCA, 

changing the local cardiac arrest protocols to a single dose of epinephrine was considered 

reasonable. Prior to implementation of the new single-dose epinephrine protocol, agencies 

followed traditional guideline-based recommendations and provided 1 mg of 1:10,000 

intravenous (IV) or intraosseous (IO) epinephrine every 3–5 minutes. In the unified, new 

single-dose epinephrine protocol adopted by the five participating EMS agencies, each 

patient was given a single 1:10,000 dose of 1 mg of IV/IO epinephrine. No additional 

doses of epinephrine were allowed per protocol. No additional protocol changes occurred. 

Supplemental Appendix 1 provides the multidose and single-dose epinephrine protocols.

Ashburn et al. Page 3

Prehosp Emerg Care. Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data Collection and Variables

Data were collected 1 year before and after implementation of the single-dose epinephrine 

protocol. Description of each participating county and the protocol switch date is in 

Supplemental Table 1. Each EMS agency’s electronic patient care report was electronically 

queried for patient demographics, vital signs, initial heart rhythm, interventions provided, 

and disposition information. In addition, EMS response interval, defined as the interval from 

EMS being dispatched to arriving on-scene, was determined from the patient care report, as 

longer response intervals are associated with worse patient outcomes.(19) For each case, the 

Cardiac Arrest Registry to Enhance Survival (CARES) was used to determine if bystander 

CPR occurred, the arrest was witnessed, an automatic external defibrillator (AED) was 

available, the initial rhythm was shockable, ROSC occurred, the patient survived to hospital 

discharge and, if so, what the patient’s neurologic status was at the time of discharge, as well 

as the presumed cardiac arrest etiology (cardiac, trauma, etc.).

Outcomes

Consistent with prior studies and CARES definitions, survival to hospital discharge was 

defined as leaving the hospital alive regardless of neurologic status and ROSC as a pulse 

being present for ≥ 20 minutes without requiring additional chest compressions.(20,21) The 

rate of discharge with a favorable neurologic outcome, defined as a Cerebral Performance 

Category (CPC) of “good” or “moderate” (CPC category 1 or 2 out of 4), was considered 

an exploratory outcome.(20,22,23) Survival to hospital discharge and favorable neurologic 

outcome were considered patient-centered end-points, as these outcomes are more important 

to patients and caregivers than ROSC alone.(20,24,25) Per the CARES definitions, CPC 1 

corresponds to being “conscious, able to work and lead a normal life” and CPC 2 suggests 

being “conscious and able to function independently but with hemiplegia, seizures, or 

permanent memory or mental changes.” CPC 3 indicates that the patient is “dependent on 

others because of impaired brain function” and CPC 4 indicates that the patient “is not 

conscious or aware.”

Statistical Analysis

Based on previous data from the participating counties, we anticipated that at least 750 

patients would be included in both the pre- and post-implementation cohorts. With this 

sample size, and assuming a two-sided test with an alpha of 0.05, there is at least 80% power 

to detect an improvement in the rate of survival to hospital discharge from 7.6% (national 

average) to 11.9%.(10)

We used descriptive statistics to describe the study population, including counts and 

percentages for categorical variables and median and interquartile ranges (IQR) for 

continuous variables. The OHCA encounter was the unit of analysis. Analysis was by 

intention to treat. A per protocol analysis was not possible because the CARES registry 

did not collect the number of doses of epinephrine administered and this information 

could not be abstracted from the electronic patient care records. Generalized estimating 

equations (GEE) with a logit link were used to compare survival to hospital discharge, 

ROSC, and favorable neurologic outcome rates (overall and among just survivors) pre- vs. 

post-implementation while accounting for clustering within EMS agencies. In multivariable 
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analysis, models also included age, sex, race, initial cardiac rhythm (shockable vs. non-

shockable), witnessed arrest, bystander CPR, AED availability, and EMS response interval. 

These covariates were selected a priori based on existing OHCA resuscitation research.

(3,10,19,22,26–28) For modeling purposes, race was treated as a two-level variable, 

White and non-White. Unadjusted and adjusted odds ratios (aOR) with corresponding 

95% confidence intervals (95%CI) were calculated. A prespecified subgroup analysis 

was conducted among patients who experienced OHCA from presumed primary cardiac 

etiologies.

RESULTS

During the study period, there were 1,690 OHCA encounters, with 899 occurring pre-

implementation and 791 post-implementation. Figure 1 presents the study flow diagram. The 

cohort was 74.7% (1,262/1,690) White, 61.1% (1,033/1,690) male, and had a median age of 

65 (IQR 53–76) years. Table 1 presents baseline characteristics by cohort.

The survival to hospital discharge rate was similar pre- vs. post-implementation (OR 1.19, 

95%CI 0.89–1.59). ROSC rates were higher in the pre-implementation cohort (OR 0.66, 

95%CI 0.54–0.81). Rates of favorable neurologic outcomes were similar in the multidose 

and single-dose epinephrine cohorts among all patients (OR 0.97, 95%CI 0.72–1.31) and 

among those surviving to hospital discharge (OR 0.44, 95%CI 0.18–1.06). Table 2 displays 

the unadjusted results. Supplemental Tables 2 and 3 further describe neurologic outcomes by 

CPC status.

In the adjusted model, survival to hospital discharge rates were similar post-implementation 

(aOR 1.00, 95%CI 0.77–1.29). The single-dose epinephrine protocol remained associated 

with decreased ROSC rates (aOR 0.58, 95%CI 0.47–0.73). Rates of favorable neurologic 

survival were similar pre- vs. post-implementation among all patients (aOR 0.83, 95%CI 

0.64–1.07) and among just survivors (aOR 0.57, 95%CI 0.26–1.22). Table 2 and Figure 2 

show the aORs for each outcome.

Among patients who experienced cardiac arrest from presumed cardiac etiologies, survival 

to hospital discharge rates were similar pre- vs. post-implementation (OR 1.38, 95%CI 0.99–

1.91). ROSC rates were higher in the pre-implementation group (OR 0.72, 95%CI 0.57–

0.91). Favorable neurologic outcome rates were similar pre- vs. post-implementation among 

all patients (OR 1.22, 95%CI 0.83–1.79) and among just survivors (OR 0.60, 95%CI 0.25–

1.40). After adjusting for covariates in this subgroup, survival to hospital discharge rates 

(aOR 1.06, 95%CI 0.80–1.41) and favorable neurologic outcomes among all patients (aOR 

0.98, 95%CI 0.72–1.31) were similar while ROSC rates (aOR 0.62, 95%CI 0.49–0.80) were 

lower in the single dose cohort. Table 3 and Figure 2 summarize these results. Supplemental 

Tables 4 and 5 further describe neurologic outcomes by CPC status.

DISCUSSION

Our team hypothesized that a single-dose epinephrine protocol would improve survival 

to hospital discharge and favorable neurologic outcome rates despite having lower ROSC 

rates. Existing prehospital resuscitation research supports minimizing interruptions to chest 
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compressions and decreasing peri-shock pause times.(26,27) We reasoned deemphasizing 

repeat epinephrine doses would allow EMS crews to focus on other tasks, such as chest 

compressions and defibrillation. However, this study found that patient-centered outcomes 

remained poor, regardless of the epinephrine protocol used. Even among patients who 

died from suspected primary cardiac etiologies, the single-dose epinephrine protocol 

was associated with decreased ROSC rates while showing no association with survival 

to hospital discharge or favorable neurologic outcome rates. However, among this key 

subgroup, there was a near 3.3% increase in the rate of survival to hospital discharge with 

the single-dose epinephrine protocol. While not statistically significant, the study was likely 

underpowered to detect this difference.

To the best of our knowledge, this is the first prehospital resuscitation study to compare 

the performance of a single dose of epinephrine to multiple doses of epinephrine. However, 

our results are similar to those of studies assessing other epinephrine dosing strategies 

and those comparing epinephrine to placebo. A systematic review of the cardiac arrest 

epinephrine literature concluded that epinephrine improves ROSC but not survival to 

discharge or favorable neurologic outcome rates.(16) The recent randomized, double-blind 

PARAMEDIC-2 trial in the United Kingdom found that compared to placebo, epinephrine 

every 3–5 minutes increased ROSC and 30-day survival rates but did not affect neurologic 

outcomes.(15) Another large randomized prehospital trial in Australia also found that 

epinephrine increased ROSC rates but had similar survival to discharge and favorable 

neurologic outcome rates compared to placebo.(14) A low-dose epinephrine trial (0.5 mg 

vs. 1.0 mg) found similar survival to hospital discharge and favorable neurologic outcome 

rates between groups.(29)

Neurologic outcomes are reported among all patients and just survivors. This distinction 

allows complete data reporting while promoting patient-centeredness by emphasizing the 

outcome most important to patients and families: survival to discharge with a favorable 

neurologic outcome.(20,24,25) This study did not detect a statistically significant difference 

in favorable neurologic outcome rates. However, this study was underpowered for detecting 

a meaningful difference in favorable neurologic outcomes among survivors, making this 

an exploratory objective. Despite this limitation, the findings of this study are consistent 

with existing randomized clinical trial and systematic review evidence, which suggest that 

epinephrine does not improve favorable neurologic outcomes for patients with OHCA.(14–

16)

Although the single-dose epinephrine protocol was associated with similar survival to 

hospital discharge rates as the multidose epinephrine protocol, it was associated with 

decreased ROSC rates. These results in context of the existing epinephrine literature should 

give clinicians pause when interpreting and applying resuscitation guidelines that prioritize 

epinephrine for cardiac arrest.(2,3) The American Heart Association gives epinephrine 

administration the highest possible recommendation. This Class 1 recommendation indicates 

that epinephrine “is recommended,” “should be administered,” and that it “is indicated/

useful/beneficial.”(3) However, our study and contemporary resuscitation literature do not 

support this level of recommendation. It is not clear that multiple doses of epinephrine 

are associated with improved outcomes, especially patient-centered outcomes. Furthermore, 
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achieving ROSC in a neurologically devastated patient or in a patient who does not survive 

to discharge is expensive, contributes to hospital overcrowding, and is not cost-effective.(30) 

Therefore, it may be reasonable for EMS medical directors to modify their resuscitation 

protocols to a single-dose epinephrine protocol and to emphasize interventions such as 

team-focused CPR, high-quality chest compressions, and defibrillation, which are known to 

improve patient-centered outcomes.(22) However, medical directors must also weigh other 

unintended consequences of the single-dose epinephrine protocol, such as the possible effect 

on organ donation.(30–32)

LIMITATIONS

This study has limitations. Patients were not randomized to a single-dose vs. multidose 

epinephrine protocol, thereby opening the study to unknown confounders and maturation 

effects. Although this study occurred in a diverse area with rural, urban, and suburban 

communities with a variety of ALS EMS systems in central NC, generalizability to other 

regions and non-ALS EMS systems may be limited. Furthermore, the survival to hospital 

discharge rates were higher in the single-dose and multidose epinephrine cohorts than 

the national average.(10,11) This is likely reflective of each participating EMS agency 

being a regional leader in OHCA resuscitation, with each focusing on team-focused CPR, 

early defibrillation, and minimizing peri-shock pause times. Therefore, the high survival to 

hospital discharge rates seen with these EMS agencies may not be reflective of national 

care patterns. Additionally, the receiving hospitals varied, with some being tertiary-care 

centers and others being community hospitals. The outcomes provided by CARES were 

not adjudicated, thus risking misclassification bias. Due to the nature of the study and data 

collection procedures, a per protocol analysis was not possible. The study was not powered 

to detect a difference in neurologic outcomes among survivors given that only 244 patients 

survived. Baseline neurologic status was also unknown, further limiting inferences regarding 

epinephrine dosing and neurologic outcomes.

CONCLUSION

Our findings indicate that among adult OHCA patients, a single-dose epinephrine protocol 

is associated with similar rates of survival to hospital discharge and favorable neurologic 

outcomes despite having lower ROSC rates compared to traditional guideline-based 

epinephrine dosing every 3–5 minutes. Given that the single-dose epinephrine and multidose 

epinephrine protocols were both associated with similar rates of favorable patient-centered 

outcomes, it may be reasonable for EMS medical directors to consider a single-dose 

epinephrine protocol and focus on outcome-oriented interventions, such as team-focused 

CPR, early defibrillation, and minimizing peri-shock pause time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The study flow diagram.

OHCA – out-of-hospital cardiac arrest, DNR – do not resuscitate; CARES – Cardiac Arrest 

Registry to Enhance Survival

†: While 38 encounters did not have CARES outcomes regarding survival, only 18 

additional encounters were excluded once encounters for traumatic arrest and those with 

no resuscitation attempted/DNR were excluded
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Figure 2. 
Pre- vs. post-implementation adjusted odds ratios for study outcomes among all patients and 

among patients with presumed arrest from cardiac etiologies.

ROSC – return of spontaneous circulation.

Note: In the presumed cardiac etiology subgroup, favorable neurologic outcome (survivors) 

is unadjusted due to the small number of events
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Table 1.

Cohort characteristics.

Pre-Implementation (n=899), n (%) Post-Implementation (n=791), n (%)

Age (median, IQR) (years) 65 (51–76) 66 (54–77)

Sex

 Female 364 (40.5) 293 (37.0)

Race

 White 673 (74.9) 589 (74.5)

 Black 213 (23.7) 179 (22.6)

 Other 13 (1.5) 23 (2.9)

Ethnicity

 Hispanic/Latino 5 (0.6) 14 (1.8)

County

 Forsyth 461 (51.3) 371 (46.9)

 Iredell 133 (14.8) 135 (17.1)

 Randolph 179 (19.9) 178 (22.5)

 Stanly 28 (3.1) 34 (4.3)

 Surry 98 (10.9) 73 (9.2)

Presumed cardiac arrest etiology

 Cardiac 711 (79.1) 650 (82.2)

 Non-cardiac 188 (20.9) 141 (17.8)

  Respiratory 103 (11.5) 97 (12.3)

  Overdose 74 (8.2) 37 (4.7)

  Drowning 2 (0.2) 0 (0)

  Electrocution 1 (0.1) 2 (0.3)

  Other 8 (0.9) 5 (0.6)

Initial cardiac rhythm

 Shockable 144 (16.0) 180 (22.8)

  Ventricular fibrillation 96 (10.7) 113 (14.3)

  Ventricular tachycardia 11 (1.2) 6 (0.8)

  Other shockable rhythm 37 (4.1) 61 (7.7)

 Non-shockable 755 (84.0) 610 (77.2)

  Asystole 482 (53.6) 365 (46.1)

  Pulseless electrical activity 182 (20.2) 171 (21.6)

  Other non-shockable rhythm 91 (10.1) 74 (9.4)

Witnessed cardiac arrest 517 (57.5) 467 (59.0)

Bystander CPR 366 (40.7) 292 (36.9)

AED available 86 (9.6) 104 (13.2)

Response interval (median, IQR) (minutes) 8.2 (5.9–10.8) 7.8 (5.5–10.5)
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IQR – interquartile range, CPR – cardiopulmonary resuscitation, AED – automatic external defibrillator. All rows show n, % unless otherwise 
indicated.
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Table 2.

Pre- vs. post-implementation outcomes among all patients.

Pre-Implementation (n=899), n 
(%)

Post-Implementation (n=791), 
n (%)

Odds Ratio (95%CI)

Unadjusted Adjusted

Survival to hospital 
discharge 122 (13.6) 122 (15.4) 1.19 (0.89–1.59) 1.00 (0.77–1.29)

Favorable neurologic 
outcome among survivors 99/122 (81.2) 85/122 (69.7) 0.44 (0.18–1.06) 0.57 (0.26–1.22)1

Favorable neurologic 
outcome (all) 99 (11.0) 85 (10.8) 0.97 (0.72–1.31) 0.83 (0.64–1.07)

Return of spontaneous 
circulation 380 (42.3) 257 (32.5) 0.66 (0.54–0.81) 0.58 (0.47–0.73)

Bold font indicates a statistically significant result

1
Adjusted only for age, shockable vs. non-shockable rhythm, and response interval due to the small number of events
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Table 3.

Pre- vs. post-implementation outcomes among patients presumed to have arrested from primary cardiac 

etiologies.

Pre-Implementation (n=711), n 
(%)

Post-Implementation (n=650), 
n (%)

Odds Ratio (95%CI)

Unadjusted Adjusted

Survival to hospital 
discharge 70 (9.9) 86 (13.2) 1.38 (0.99–1.91) 1.06 (0.80–1.41)

Favorable neurologic 
outcome among survivors 54/70 (77.1) 59/86 (68.6) 0.60 (0.25–1.40) NA1

Favorable neurologic 
outcome (all) 54 (7.6) 59 (9.1) 1.22 (0.83–1.79) 0.98 (0.72–1.31)2

Return of spontaneous 
circulation 272 (38.3) 201 (30.9) 0.72 (0.57–0.91) 0.62 (0.49–0.80)

Bold font indicates a significantly significant result

1
Unable to adjust due to the small number of events

2
Race, sex, and automated external defibrillator availability were excluded due to the small number of events
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